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YUMA TEST STATION

(GROSS PLAN-PROFILE: 5L//)

CHARACTERISTIC PLAN-PROYFILFE

The characteristic plar: profile 18 the most ceminonly found plan-profile within & region. It
may be either restrictive o. gross. The restrictive plan-profile 1s hased on random sampling

with tircles | mile in diamcter,

l.ocal relief of less than 10 ft 13 nut vonsidered, The gross

plan-profile 1s bascd on random sampling with vircles 35 mules in diameter. Relief of less than

100 ft 13 aot considered. The prominentes in such o plan-prufile are termed component highs, the

iatervening lowlands component lows,
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PLAN-PROFILE COMPLEXES:

Areal Complexes: Confined to areas where two major, areally restricted plan-profiles,
both of the restrictive type, are mapped.

1 /4 w Qplan-proﬁle of the areally predominant lows.
4 Plan-profile of the areally subordinate highs.
N - i g i 1
1\ ¢ "g‘s Plan pro.tle of the areallllr predon?mant highs.
L ID.N! Plan-profile of the areaily subordinate lows,
Gross-component Complexes: Confined to areas where a gross and a restrictive plan-

profile of either a component high or a component low are mapped.
—~4——V5] /) —»

SL// Gross plan-profile.
7 w Restrictive plan-profile of component lows. ~/ L./7\ /o

. -4—7'-1 —_—
] Gross plan-profile. _\j—{j—-\J—
1l ] 4 (F‘\\Restrictive plan-profile of component highs,

* Highs are considered to be (1) peaked or crested prominences which exhibit character-
istic slopes greater than 6 degrees o1 {2) fairly flat-topped prominences or high-level
areas bounded by slopes in excess of 14 degrees.

** L indicates linearity of highs. A high is considered tu be linear when its length is
greater than S times its width.

®#% [ indicates roughly parallel arrangement of highs or aligned highs.

REPRESENTATIVE PLAN-PROFILES

Each of the following block diagrams illustrates a landscape representative of a specific
plan-profile type. It should be emphasized that, within the defined limits of each type, a wide
variety of landscape configurations are pussible.
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YUMA TEST STATION

(GROSS OCCURRENCE OF COMPONENT HIGHS: 1)

OCCURRENCE OF SLOPES GREATER THAN 50 PER CENT

Occurrence may be cither restrictive or gross, A restriclive occurrence
class indicates a modal range of slopes greater than 50 per cent found along
traverscs containng the maximum number of such clopes. Relief of less than
10 ft 1s not conmidercd. A gross occurrence indicates the modal distance be«
s ur component lows. Rclicf of less than 100 ft 1s not
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T [""‘ S e Occurrefice may be either restrictive or gross, A restrictivé occurrence

class indicates a modal range of slopes greater than 50 pe: c.nt found along
traverses containing the maximum number of such slopes. Relief of less than
10 ft is not considered. A gross occurrence indicates the modal distance be~
tween component highs or component lows. Relief of less than 100 ft is not
considered.

The number of slopes steeper than 50 per cent is less than 1 per 10 miles

or in areas, less than 10 miles in maximum dimension, where such slopes
are lacking.

2 m ’lrc})xinri\;::sﬂ‘:er of slopes steeper than 50 per cent ranges from 1 to 5 per

The number of slopes steeper than 50 per cent ranges from 5 to 20 per
10 miles.

The number of slopes steeper than 50 per cent ranges from 20 to 100 per
10 miles.

The number of slopes steeper than 50 per cent ranges from 100 to 200 per
10 miles.

The number of slopes steeper thain 50 per cent exceeds 200 per 10 miles,

OCCURRENCE COMPLEXES: (Mapped only where plan-profile complexes are
mapped.})
Areal Complexes: Corfined to areas where two major, areally restricted
occurrence units, both of the restrictive type, are mapped.

Slope occurrence of areally predominant lows,
3/5 ,4/1 Slope occurrence of areally subordinate highs.

Slope occurrence of areally predominant highs.
Slope occurrence of areally subordinate lows.

Gross-ccmnponent Complexes: Mapped only where gross-component plan=
profile complexes are mapped.
‘-4— 1 —’-l

Ll @ Gross occurrence of component highs. 4
4 _~—Restrictive occurrence within component lows.

Gross occurrence of component lows. A
Restrictive occurrence within component highs, _‘ ‘ l

ANALOGS OF YUMA TERRAIN
IN THE

NORTHWEST AFRICAN DESERT

OCCURRENCE OF SLOPES
GREATER THAN 50 PER CENT

PLATE 2
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CHARACTERISTIC SLO

Slope is defined as a surface identified or designated 1n terms af its
n [4
9 3 ‘
eviation from the horizontal, Characteristic slope 1s defined as a narrow
N .
1 " f
range of slopes which prcdomx.nalcl or is most common within & region
" 4
ed with a 10-{t contour interval,
mapp

Flat: Characteristic slope betwe d 2 degrecs (approx.
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(posdessing a distinctive spacing, arrangement, or pattefn of contour lines)
mapped with a 10-ft contour interval.

Flat: Characteristic slope between 0 and 2 degrees (approx.
0 -3.5%).

la Between 0 and 1/2 degree (approx. 0 - 1%).

1b Between 1/2 and 2 degrees (approx. 1 - 3.5%).
2
3 :
4 . ;

Gentle: Characteristic slope between 2 and 6 degrees hpprox.
3.5 - 10%).

Moderate: Characteristic slope between 6 and 14 degrees (approx.
l i 10 - 25%).

- Declivitous: Characteristic slope between 14 and 26.5 degrees (approx.
25 ~ 50%).

Steep: Characteristic slope between 26,5 and 45 degrees (approx.
50 - 100%).

o

Precipitous: Characteristic slope greater than 45 degrees (greater
than 100%).

SLOPE COMPLEXES: (Mapped only where plan-profile complexes are mapped)
Areal Complexes: Confined to areas where two major, areally restricted
slope types are mapped.

2/1 // Characteristic slopc of areally predominant lows,
4 Characteristic slope of areally subordinate highs.

“;\3 W Characteristic slope of areally predominant highs.
e Echaracteristic slope of areally subordinate lows,
Gross-component Complexes; Mapped only where gross-component plan-

profile complexes are mapped. The symbols in the complex are
arranged vertically or horizontally depending on the plan-profile,

3

Characteristic slope within component highs, * b
Characteristic slope within component lows.
5
5 | 2 ' I l Characteristic slope within component lows,* z
: Characteristic slope within component highs.

«vye Important Scarps: An important scarp is defined as a2 more or less
continuous precipitous slope exhibiting more than 100 feet of
relief, Only the better known scarps which extend for con-

siderable distances have been mapped. Scarp height is indicated
where known.

* In cases where the gross plan-profile is flat-topped or flat-bottomed
the characteristic slope is considered to be the modal slope of the
bounding inclines.

ANALOGS OF YUMA TERRAIN
IN THE

NORTHWEST AFRICAN DESERT
CHARACTERISTIC SLOPE
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(GROSS RELIEF OF COMPONENT HIGHS . 7)

CHARACTERISTIC RELi=s

Charzcierisiic relief may be eithe ' reetrictive s groee. Restrictive relief
is baced on modal claeees of etream depth, elevation -ifferential per unit area,
or prominence height. This ie further defined under type ! and type 1l relief,
below. Groee relief indicates the modal height of comps asnt highe or the modal
depth of component lows.

1. RELIEF IN AREAS WHERE THE CHARACTERISTIC SLOPE IS LESS
THAN é DEGREES (APPROX. 10 PER CENT)

Relief ie defined ae the modal vertical distance from i’ . rfluve crest to
the immediately adjacent {low line, or in areas where dreinage linee are
puorly developed or iaching,” from eummitl to adjecent low,

ST = . BG aEmEE w3 FeE P
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Reiief is defined as the modal vertical distance from interfluve crest to
the immediately adjacent flow line, or in areas where drainage lines are
poorly developed or lacking,* from summit to adjacent low.

I 1 \“ Characteristic relief between 0 and 10 feet.

Charzcteristic relief between 10 and 50 feet.

3 - Characteristic relief > 50 feet.

II. RELIEF IN AREAS WHERE THE CHARACTERISTIC SLOPE IS
GREATER THAN 6 DEGREES (APPROX. 10 PER CENT)

Relief is defined as the modal maximum difference in elevation per

a square mile, or in areas where drainage lines are poorly developed or
e lacking,* from summit to adjacent low.
-

* Usually restricted to sand dune areas —maximum height of dunes in-
dicated where known.

Characteristic relief between 100 and 400 feet.

4 r:} Characteristic relief between 0 and 100 feet.

Characteristic relief between 400 and 1,000 feet.

Characterisiic relief greater than 1,000 feet,

RELIEF COMPLEXES: (Mapped only where plan-profile complexes are
mapped.)
Areal Complexes: Confined to areas where two mzjor, areally
restricted relief units, both of the restrictive type, are
mapped,

Relief of areally predominant lows.
2/5 HRelief of areally subordinate highs.

Relief of areully predominant highs, .
2\5 &Reiief of areally subordinate lows, o

Gross -component Complexes: Mapped only where-guc-a':/
component plan-profile complexes are mapped.

25 @ Gross relief of component highs, 5 1
1 Restrictive relief within component lows. .L(/ Q_ _’/ |V
2
] Gross relief of component lows. m ﬁ ’-——] r
5' 2 Restrictive relief within component highs. 3
« v+ Important Scarps: A scarp is defined as a more or leas con-
tinuous precipitous slope exhibiting more than 100 feet of
relief, Only the better known scarps which extend for con-

siderable distances have been mapped. Scarp height is indi-
cated where known,

’e
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YUMA TEST STATION

(GROSS LLANDSCAPE: 5L/,!1,5,7)

GENERALIZED LLANDSCAFPE

NORTHWEST NORTHWEST
AFRICA YUMA AFRICA YUMA
Typicel Typlcal
A pp| so | cs|crel pp|so| cs|cr Landform pP|so|cs|cr PPl sofcs |cr Landform
ol Mod, rugged Undlasected
£ g S o m d s 2 s mounteins \@ [ £ ) platoeu
Mod, rugged Y Undiasected
S oy B D i i 2 g mountains @ L - ) plateau
Rugged lineor Undiaaected
o sl 3 ¢ g mountaine G 4 £ 5) plateeu
%) Mod, dlsaected
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LANDSCAPE COMPLEXES
Arcal Complexes: Areas where two major, areally rrstricted landscape types, both of the rastrictive typs, occur.

Areally predominant landscape type
X X

Areally subordinate landscape type

Slope of fractinn line depends on type of complex found in plan-profile,

Gross-component Complexes: Confined to areas where a gross and a restrictive landscape of either a componsnt high or
a component low are mapped.

@ EGroll landecape Em (t Groes landscape

Restrictive landscape of component low Restrictive landscape of component high

Each landscape type in the legend is 1lentified by a sories or an array r{ four symbols indicating mapping unite of plan-
piofile {PP), slope occurrence (50), cha. acteristic slope (CS), and characteristic relief (CR), alv «ys dssignated in
that order.

—

A circled series of nuriberu tde~tifies a gross landscaps type.

¢* Major groupings of genersiizud iandscapes are based on physiography for convenience only, It should bs realized thst
surface geometry is often entirely independent of phyesiographic association,

ANALOGS OF YUMA TERRAIN
IN THE

NORTHWEST AFRICAN DESERT
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YUMA TEST STATION

SOIL TYPE

1. SOIL-ROCK ASSOCIATIONS

Il

Areas cnaracterized by a mosaic of dare rock
and stony soils* with a few scattered patches of
coarve and fine-grained soile. Bare rock and
stony soils cover more than 90 per cent of the
area mapped.

Arezs characterized by a mosaic of bare rock and
stony soils with numerous patches of coarse and
fine-grained soils. Bare rock and stony soils
cover froin 50 to 90 per cent of the area mappeo.

Areas characterized by a mosaic of coarse and

S uncovainad anila aith numamne =nol snd stnea
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stony soils with numerous patches of coarse and
fine-grained soils. Bare rock and stony soils
cover from 50 to 90 per cent of the area mapped.

Areas characterized by a mosaic of coarse and
fine-grained soils with numerous rock and stony
so0il outcrops. Bare rock ano stony soils cover
from 20 to 50 per cent of the area mapped.

Areas where palches of so0il consist of unconsoli-
dated deposits of volcanic ash or ejecta.

*Stony soils: More than 75 per cent of a typical
sample consists of material coarser than gravel.
Coarse-grained soils: More than 50 per cen: of
a typical sample consists of sand and/or gravel.
Fine-grained soils: More than 50 per centof a
typical sample consists of silt and/or clay.

II. SOIL ASSOCIATIONS*

x

A0 § UUL

Areally predominant (70 per cent or more) soil
type mapped, Area mapped never includes more
than 20 per cent bare rock and stony soils,

Gravel: More than 90 per cent of a typical sam-
ple consists of gravel,

Sand: More than 90 per cent of a typical sample
consists of sand.

Sand and gravel mixed with minor amounts of
finer material: More than 50 per cent of a typi-
cal sample consists of sand and/or gravel.

Siit and clay with minor amounts of coarser
material: More than 50 per cent of a typical
sample consists of silt and/or clay.

Silt: More than 75 per cent of a typical sample
consists of silt.

Clay: More than 75 per cent of a typical sample
consists of clay,

Saline; A typical soil sample has a salt content of
more than 25 per cent—usually associated with
silt and clay.

SOIL COMPLEXES: Soil complexes are mapped
where no areally predominant (70 per cent or
more) soil type occurs. In such instances, the
two most commonly occurring soil types are
mapped; the predominant is shown as the numer-
ator, the subordinate as the denominator in the
fractional pattern.

* In general soil association exhibits s0il thickness greater than 10 feet,
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YUMA TEST STATION

SOIL CONSISTENCY

® So1l consisiencies are mapped only where soil assuciations occur.
25 Areally predominant (70 per cest or more) soil consistency mapped.

/ 1. HOMOGENEOUS CONSISTENCIES: 30ils of essentially un-
chiuged consistencies to depth greater than 12 inches.
A. Noncohesiva: Malerials in which the constituent particles
do not adhere ic sach other.
looaa: The ratio of voids to constituent graire 1a

<lose to & naturally occurring maximum, i1.e., the
grains i re loosely packed.

2 Deus+: The ratic of voids to constiturnt partilies i3
I clore to a naturally occurring m:inimum, 1 e, the













Loose: The ratio of voids to constituent graing is
1 3 2 3

00000} close to a naturally occurring maximum, i.e., the
graing are lcosely packed.
Dense: The ratio of voids to constitueni particles is

close to a naturally occurring minimum, i.e,, the
grains are closely packed.

P. Cohesive: Materials in which the constituent particles
adhere to each other, either because of mutual attraction
of the particles themselves, or because cof the presence of
a cementing material.

3 Soft (usually perennially wet); Little or no bearing
o] capacity.
4 Firm: Moderate bearing capacity.

5 Hard: High bearing capacity,

II, LAYERED CONSISTENCIES: Soils possessing two or more
relatively discretle layers within 12 inches of the surface.

A. Crusted Surfaces: Sariace crust may be either cohesive or
noncohesive,

6 Hard thin crust (commonly of cemented materials)
overlying soft miterials (commonly muck, ooze, or
saturated silts),

7 Hard crust (commonly of cemented materials) over-
l lying noncohesive matarial (commonly sand or
silt),

8 D Thin zone of firm materials over noncohesive mate=
rials. (Most common development in areas of fixed
dunes, with more or less continuous vegetation
cover.)

Surface of closely-fitted noncohesive pebbles or

9 [j gravel overlying noncohesive materials (commonly
sand or silt), (Such '‘desert pavements'' also occur
over bedrock or materials of firn: consistencizs, but
tnis is less common,)

B. Noncohesive surface layer less than 12 inches thick.
10 | l Dense layer within 12 inches of the surface,

1 Hard layer within 12 inches of the surface {(usually but
not always caliche).

3/4 CONSISTENCY COMPLEXES: Consistency complexes

are mapped where no areally predominant (70 per
cent or more) conaistency occurs. In such instances,
the two most commonly occurring consistencies are
mapped; the predominant is shown as the numerator,
the subordinate as the denominatnr in the fractional
pattern,

In complexes {e.g., 3/4) the first digit always refers to the areally pre-
dominant unit,
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YUMA TEST STATION

SURFACE ROCK

Mapped tn regions where rock is exposed and at shailow depth:s (i.e. 0-10 fee.}* throughout the remainder
ctthe area. In effcct this procedure restricts the mapping of surface rock to :reat mapped as 1, 2, or 3
uniter Soil Type,

Arcally predoniinant (70 percent or mere) rock typs mapped.

LGNEOUS (UNDIF FERENTIATED): Rucks formed by solidification ur crystallization of a hot fluid

masns,

D Intrusive: lgncous rocks, typically crystalling, which have formed by cooling below the surface

of the carth {grantte, sycuite, diorite, etc. ).

s Extrusive (undifferentiated): Igncous rocks which have furm=d by cuoling at the surface of the
carth,

5 True ealrustve rocks formed by siiidification of moiten material that puured out on the
* surface of the varth {c.g. basait, dacite, otc. ).

b B Rockas formed by secundary cementation of luese deposite uf voliante ejecta {e.g. tuff,

agglomerate, et .

METAMORPHIC (UNDIF "ERENTIATED): Rouks fuormed fram original ignecous of scdimentary
rocks through alterations produced by pressure, heat, ur the tafiliration of other materials at
depths beiuw the aurfaie gunes of weathering ard cementation. The alterativnz are sulficiently
complete theougho il the body of the rock to produne a welledefined rew type {gaeiss, schist,

alate, ot}

s SEDIMENTARY (UNDIFFERENTIATED): Hucss formed fram material tatd dows i a mure o,

tess finely dividod state, ae sedircnt, through the agencs of walv e, wind, or glaciers,
! ' Sandstone: A scymentary rucd predomanantiy composcd of sand graths comented tugether,
—
i l Limeostone: A sedimentary o s conaaling essefliaciy, w1 » 30 3dih Va3 bunate,
Shale: A scditnentary rocd in which the tonstituent pariicles ate predominantly of clay sire.
TTUT] Evaporiies: A sedimentary rock whose arigin 3v largeiy due o evapuration and subscguent
) E q
3 3 o < b e - 8 PR e . o oA
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Limestone: A sedimentary rock consisting essentially of calcium carbonate,

Shale: A sedimentary rock in which the constituent particles are predominantly of clay size.
Y P 2 o 0y
9 % Evaporites: A sedimentary rock whose origin is largely duc t> evaporation and subsequent
precipitation of salt from water. {Gypsum, anhyldrite, and rock salt are the only evaporites of
quantitative importance.)

3a/3b w ROCK COMPLEXES: Rock complexes are mapped where no areally predominant (70 percent or
more) rock type oceurs. In such iistances, the two most commonly occurring rock types are
mapped; the predominant is shown as the numerator, the subordinate as the denominator in the
fractional pattern.

% I¢ should be realized that the scale of mapping precludes delineation, especially in mountainous re-
gions, of many alluvial basins where the thickness of soil cover is much greater than 10 feet.

GENERALIZED ROCK PROPERTIES

RATINGS OF WORKING CHARACTERISTICS

Stability in
Permeability | Steep-¥alled
Cuts

A.BCDEabcdel23!45123451234512345

Excavational
Pequirements

Roof Strength Loading

Rock i . q
ock Type Abrasiveness in Tunnels Capacity

1. IGNEQUS3
2. Intrasive ) poen [ m———

i |

3. Extrusive

3a. Solidified ICe—
3h. Cemented jone— pe—  —— —
4, METAMORPHIC e *-
5. SEDIMENTARY
6. Sandstone ---j e——
7. Limestone ) ]
8. Shale —
9. Evaporites = p—
SUITABILITY FOR
§ Compacted Dimension Road Bituminous Concrete
Rock Type Subgrade Stone Metal Aggregate Apggregate 1L
1:3]4512[3]4512345123451234512345
1. 1GNEOUS '
2. Intrusive h — A
3. Extrusive
3a. Sol dified | =] —1
3b. Cemented e R — =
4., METAMORPHIC ——
5. SEDIMENTARY
6. Sandstone e —
7. Limestune ‘ P
8. fhale l
9 FEvaporites ] H /

3 ; ) Modified from von Bulow, Kurd, Wehrgeologie
braviveness (as it : by 's——x—x—
fects excavation Tools and procedures required Quclle and Meyer, Leipzig. 1938

. sl and equipment): to excavate rock: All other properties:

. Extreme a, Spade and thovel i. Exce'lent

Severe b. Pick and shovel 2. Good

Moderate c. Pick, crowtar, and wedge 3. Adequate or fair

Slight d. Repeated drilling and blasting 4. Poor or usable only in emergencies
Nominal or none e. Almost cont.nuous drilling and blasting S. Inadequate, unsuitable, or absent

mpow.
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oM. YUMA TEST STATION

VEGETATION
Arcally predominant (70 percent or more’ vegetation type mapped.
Unit Description
! EI:J Barren Devoid or nearly drvoid of vegetation.
REE Widely spaced thorny shrubs, bushes, low scrubby trees, herbs, or clumps
2 D Sparse shrub L grass and open stands of coarse graas. (Also includes cacti in the U. 5.)

¥ Scattered shrub & grass Moderate spacing of forms men* oned undar unit 2.

[ ] . N Thin stands of shrubs and scrubby trees, undergrowth (if pres=nt) consists
4 Scatiered shrub and/or scrubby trees of low shrubs, buskes, and grasses.

4a t~] a. With scattered Jrd-s:0ry trees = = eccccereccscccccesccccraccccccteccncctecccarecasensesnconaes reece

Dense stands of shrubs and scrubby trees, undergrowth {if present)
5 - Dense shrub and/or scrubby trees consists of low shrubs, bushes, and grasses.
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A

Scattered shrub and/or scrubby trees

a. With scattered 3rd-story traes
Dense shrub and/or scrubby trees

a. With scattered 3rd-story trees

b. Wilh grain-herb cultivaiion

Palms with or without grain-herb
cultivation

Sceppe
Steppe -savanna

Grain-herb culiivation

Thin stands O SNTUDS une wcracey trees, unusrgTUwWen (11 present) consists
3f low shrubs, bushes, and grasses. ot

Dense stands of shiubs and scrubby trees, undergrowth (if present)
consists of low shrubs, bushes, and grasses.

Orchard areas with grain-herb cultivation forming the lst story,
Dense palm groves, 1st-story grain-horb cultivation may or may nct be
present,

Low grase cover, muy or may not include scattered low scrubby trees and
shrubs, Height of grass ranges from a few in. to 2 ft.

High continucus grass cover, includes scattered scrubby trees and shrubs,
Height of grass averages 3.5 ft,

Cultivated plots of grains, vegetables, et:.

10 Mar st Dense growth of grasses, sedges, etc,

malmt | [

i

3/4 7 4 7| VEGETATION COMPLEXES Vegetation complexes are mapped where 1.0 areally predominant {70 percant
or more) vegetation type.occurs. In such inriances, the two most cominonly
occurring types are mapped; the predominant is shown as the numerator, the

¥  Palms subordinate as the denominator in the fractional paitern.
VEGETATION
(Supr_ementary Data)
e Spacing Height Trunk Diam  Crown Diam
G s TERR T T Zad 3rd | Znd | 3rd | Znd | 3rd | Znd | 3rd
nl 0‘7' St?)r Stor Story Story | Story | Story ; Story | Story | Story | Story
. i i ft ft ft £t in, in. fr fr
1. Barren <l t t 1 t t t t t 1 1
2. Sparse shrub & grass 1-5 1 t t t t t t t 1 1
3. Scattered shrah & grais 5-25 0-5 t much >12 t 6-10 t 2-5 t 5-10 t
4, Scattered shrub and/or ecrubby 50-00 <50 t >12 t 6425 t 2-12 t 5-25 t
trees
With scattered 3rd-story trees 50-90 <45 5-25 >12 >12 6-25| 25-50  2-12 | :2-24| 5-25| 25-40
5. Dense shrub and/or scrubby trees 80-100 >50 t <12 M 6-25 t 2-12 t 5<25 t
a. With scattered 3rd-story tree. 80-100 >50 525 <12 >12 6-25[ 25-50| 2-12( 12-24 5-25 | 25-40
b, With grain-herb cultivation 90-100 >50 t >12 t 10-20 t 5-10 t 10-20 t
6. Palms with rr without grain -herb 15-100 t 50-75 t >12 1 40-60 t 1224 t 20-30
cultivation
7. Steppe 50-100 t 1 t t t 1 t 1 t 1
8, Steppe-savarua 90-100 5-10 t much >12 t 15258 t 7-12 t 15-25 t
9, Grain-kz.b cultivation 90-100 t t t 1 t t t t t t
10, Marsi 80-100 t t t \{ H t t t t t t

* Vegetaticrn stories are distinguished on the basis of height: lst-story vegetation ranges from 0 to 6 ft in heigh?; 2nd story, {rem
6 to 25 ft; 3rd story, from 25 to 70 ft.
t Indizates factor is unimportant or not applicable within the vegetation unit.
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o T s owm YUMA TEST STATION

(GROSS LANDSCAPE: SL/,1,5,7)

2%’
/ GEOMETRY OR FORM ANALOGS

LEGEND

A%Ls Each landscape typr 18 identified by a series or an array of four symbois widi-
cating mapping units of PLAN-PROFILE (4}, SLOPE OCCURRENCE (5).
SLOPE (}), and RELIEF (5). Mapping units of these four factors are always des~
ignated in this order.

(e Landscapes i3 Northwes: Africa are alwavs compared with Yuma landecapes and
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Each landscape type is identified by a series or an array of four symbols indi-

cating mapping units of PLAN-PROFILE (4), SLOPE OCCURRENCE ({(5),
SLOPE (3), and RELIEF (5). Mapping urits of these four factors are always des-
ignated in this order.

4438 Landscapes in Northwest Africa are always compared with Yurna landscapes a .d
not vice versa, The array of symbols in Northwest Africa is shown'in light- and
boldface type to indicate the maximum degree of analogy with "’uma, the analogy
increasing as the number of lightface units increases. Un‘rs srown in boldface
type are not found at Yuma in combination with the remaining uaits of the array.
Units in lightface type indicate the maximum number of units found in the closest-~
corresponding array on the Yuma map.*

6.235  Areal Complex, The areally predominant landscape is the numerator of the com-

7lLle3  plex, the subordinate the denominator,

eun23s  Gross-Component Complex. The gross landscape is compared only with other

7Ll gross landscapes.

4 - Highly Analogous The identical landscape is found at Yuma,
3 Moderately Three v nits of the array are found in an
Analogous array occurring at Yuma,
L5 - Slightly ‘One or two units of the array are found in
: Analogous an array at Yuma,
] §‘| Not Analogous No unit of the array is found at Yuma,

LANDSCAPE COMPLEXES:;

- Indicates the degree of analogy of the areally predominant
/( landscape type. :! \\‘
~Indicates the degree of analogy of the areally subordinate

landscape type.

Indicates the degree of analogy —Indicates the degree of analogy
E g of the gross landscape, I]:l]q\of the gross landscape.
Indicates the degree of analogy Indicates the degree of analogy

of the restrictive landscape of of the restrictive landscape of
component lows. component highs.

* In a particular array it may be possible to choose different sets of light- or boldface units to
indicate the maximum degree of analogy. In such instances units are compared in the srder
given in the array. For example, the Northwest African array 7122 was compared with the
Yuma array et rather than with Yuma 1«2z . Comparison with the latter would have

resulted in the symbolization »as22 .

ANALOGS OF YUMA TERRAIN
IN THE

NORTHWEST AFRICAN DESERT
GEOMETRY ANALOGS

PLATE 10
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LEGEND

51 /610

Nuinbers designate mapping units of soil type and surface rock or soil
consistency, respectively. If the soil type (first number) is 1, 2, or 3,
the second digit designates a surface-rock mapping unit; if the soil type
(first number) is 4 or highar, the second number designates a soil~
consistency mapping unit. In “he example given, e.g. 1.7, the first digit
is soil type, the cecond, surface rock,

Ground factors in Northwest Africa are always compared with Yuma
ground factors and not vice versa. If both digits are lightface. the units
designated are iound in combination at Yuma. If ane is light= and the
other boldface, a combination exists at Yuma containing the lightface
unit, If both digits are boldface, neither unit is found at Yuma.

Indicates area of ground complex. Two definite soil type-surface rock
or soil-consistency combinations are present, but the scale mapping
precludes delineation. The areally predominant ground factor appears
first in the comp’ex.

Highly Analogus Combination found at Yuma,

Partiall; Analogous One of the two units is found at Yuma.

Not Analogous Noue of the units are found at Yuma,

GROUND FACTOR COMPLEXES:

Indicates the degree of analogy of the predominant ground factor
/N
Indicates the degree of analogy of the subordinate ground factor

array.

* At Yumia surface rock unit 5 (sedimentaries undifferentiated) includes units 6, 7,
and 8 {sandstone, limestone, and shale); therefore, where these units are mapped
in Northwest Africa, they are designated by lightface symbols,

ANALOGS OF YUMA TERRAIN

IN THF

NORTHWEST AFRICAN DESERT
GROUND ANALOGS
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LEGEND
4 Number designatesa vegetation mapping unit.
2 Lightface number indicates that the unit is found at Yuma.
1 Boldface number indicates that the unit is not found at Yuma.
2/3 Indicates area of vegetation complex. Two definite vegetational types

are present, but the scale of mapping precludes delineation.
predominant vegetation type appears first in the complex.

The areally

Highly Analogous

Unit found at Y-ima.

0 - Not Analogous

Unit ..~t forad at Yuma.

VEGETATION COMPLEXES:

~—Indicates the degree of analogy of the areally predominant

vegetation type.
7/

Indicates the degree of analogy of the areally subordinate

vegetation type.

ANALOGS OF YUMA TERRAIN

IN THE

NORTHWEST AFRICAN DESERT
VEGETATION ANALOGS
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TERRAIN-TYPE AWALOGS

LEGEND

4,2,1

A terrain type is identified by a series of seven numbers, or number-
letter symbols, each representing a value range or class of a geometry
factor (plan-profile, slope occurrence, slope, relief), ground factor
(soil type, soil consistency, or surface rock}, and vegetation.

Areas delineated on the terrain-type analog map are designated by
three Qigits. These numbers are determined by comparing the terrain
type characterizing the area in Northwest Africa with the most similar
terrain type found at Yuma. The numbers indicate, in sequence, the
number of identiral geometry, ground, and vegetation factor value
ranges occurring in the Northwest African terrain type that are found
in combination at Yuma., Thus, the series 4,2,1 found in Northwest
Africa indicates that all sev:1 terruin factor classes characterizing an
area in Northwest Africa are found in combination at Yuma. (The ac~
tual lerrain type can be determined by examining the geometry, ground,
and vegetation analoy maps or the individual factor maps.} The series
2,1,1 indicates that, when comparing the Northwest African tersyain type
with the most similar type found at Yuma, two of the four geometry
factor clnsses, onc of the two ground factor clasres, and the vegetation
class are found.

In selecting the most siinilar terrain type found at Yuma it is, of
course, often possible to find two or three types having the same total
number of factor classes in common with the Northwest African type
under consideration. in this eveat, seleartion is based on the order in
which the factors occur in the series or array. For example, the North-
west African terrain type 7,1,2,2 - 6,10 - 2 is coinpared with the Yuma
type 7,1,1b,1 - 6,10 - 2 rather than with Yuma type 1L,4,2,2 - 6,10 - 2.

Highly Analogous

Moderately Analogius

Slightly Analogous

Inappreciably Analogous
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“Sngmry Anatogous . . e

1.5

1 - Inappreciably Analogous
0.5

0 - Not Analogous

1

\\Total number of identical value ranges or classes of geometry, ground, and
vegetation factors occurring in the most similar terrain type found at Yuma.
Fractions result from mapping areal complexes of factor values,

TERRAIN TYPE COMPLEXES,
QDegree of analogy of areally predominant terrain type& @
e T Degree of analogy of areally subordinate terrain type.
EDegree of analogy of gross terrain type. _
Degree of analogy of terrain type characterizing

component low or high,
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AWALOGS OF YUMA TERBAIN.

IN THE NORTHWEST AFRICAN DESERT

SECTION m:

SUPPLEMENTAL MAPRS

AND TABULATIONS
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SOUTHWESTERN UNITED STATES

PilYSIOGRAPHY

MOUNTAINS: Massas of land, in which summit aroas are small in proportion to basal dimansiuns,
rising more than 1000 faet above the surrounding tarrain. Tha charactaristic slope is
declivitous or steep.®

Massiva Mountains: Extansive muliipla-pasksd snountain massas characterized by eithar a high
cantrally located core or an clongate crest xhich risas more than %000 faat above the
surrounding terrain,

Ranges: Elongate belts of massiva mountains.
Massifs: Roughly circular aggregation of massiva mountains.

- ma

Ridga Mountains: Conlinuou:‘rid.'u of alignad Cl’ll.Ltl peaks iypically riaing lass than 5000 faet
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Ranges. Elongate belts of massive mountains.

[

Massifs: Roughly circular aggregation of massive mountains.

. Ridge Mountains: Continuous ridges of aligned crestal peaks typically rising less than 5000 feet
Sl A= ~“~—“4bove the surroumding terrain. ==
Single Ridge: Single, isolated mountain ridge.

Parallel Ridges: A series of roughly parallel ridges; som2 peaks may rise more than 5000
feet above narrow, intervening valleys.

Y

Heterogeneous Mountains: Mountain masses, commonly separated by regions of other terrain
types, cover substantially more than 50 per cent of the total area. Any area so mapped
is not characterized by either a high centrally located core or an elongate crest.

Peaks and Groups of Peaks: The mountain masses consist predominantly of peaks and groups
of peaks.

w

il mmn

Random Ridges: The mountain masses consist predominantly of discontinuous, randomly
oriented ridges.

o

PLAIN AND MOUNTAIN COMPLEX: Mountains, separated by plains with occasional hills, cover
less tnan 50 per cent of the total area.

Isolated Peaks and Ridges: The mountain rnasses consist predominantly of peaks and randomly
oriented discontinuous ridges.

Basin and Range: The mountain masses consiut predominantly of roughly parallel ridges.
HILL LANDS: Areas characterized by prominences of small summit area, with characteristic slopes

gentle to steep, rising less than 1000 feet above the surrounding terrain. Plains regions
between hills may range as high as 75 per cent of the total area.

Parallel Hills: Prominences consist predominantly of parallel elongate hills with characteristic

9 slopes moderate to steep.
10 Random Hills: Prominences concist predominantly of randomly distributed hills with character-
istic slopes moderate to steep.
1] [XXxXxx Volcanics: Prominences consist predominantly of randomly distributed conical and irregularly
|x XX XX shaped hill forms, Inter-hill areas characterized by rough surface of angutar to

jagged cobbles and blocks. Slopes may range from gentle to precipitous. In rare in-
stances, conical hills may be absent.

Sand Dunes: Prominences, consistirg chiefly of eolian sand, commeonly {but not invariably) change
shape and position rapidly. Areas characterized by a total lack of organized drainage
lines and moderate to steep slopes.

13 m PLATEAUS: Elevated masses of land characterized by extensive, more or less flat-lying summit areas
- bounded on one or more sides by scarps. (Scarpsf a.e indicated on maps by a toothed
line; all other boundaries are more or less gradational.) Dissected plateaus are indi-
cated (by a lined overprint) where less than 85 per cent of the original surface remains.

PLAINS: Extensive tracts of land with characteristic slopes flat to gentle, Less than 25 per cent of
the surface is o:cupied by hills, and local relief within the plai.s seldom exceceds
50 feet. (Becaus«e uf the transitional nature of most plains types, boundary lines are
often difficult to establish and in many cases are quite arbitrary.}
Alluvial Plains: Floodplains, terraces, and subaerial deltas of major streams.

15 - Coastal Plains: Plains bordering the sea and extending inland to thc nearest elevated land, or to a
3 gradational border with another plains type.

- Depression Plains: Low-lying plains of interior drainage bounded on two or more sides by scarps
or steep mountain fronts, and commonly characterized by a centrally located brackish
or saline lake, generally but not invari>hly ephemeral,

- Desert Plains: Interior plains not readily classifiable as alluvial, coastal, or depression plains.

These plains are often formed or significantly modified by eolian deposition or
erosion,

clivitous = 14 to 26.5 degrees, steep = 26.5 to 45 degrees, precipitous = greater

* Slope classification: flat = 0 to 2 degrees, gentle = 2 to 6 degrees, moderate = 6 to 14 degrees, de- l
than 45 degrees. |

1 A scarp is defined as a more or less continuous precipitous slope exhibiting more than 100 feet of
relief. Important scarps are indicated in plates 3 and 4.

ANALOGS OF YUMA TERRAIN
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MOUNTAINS:

Mountains are masses of land which exhibit summit areas that are small in proportion to basal
dimension and rise more than 1000 ft above the surrounding terrain. Included under mountains are plain
and mountain complexes. These complexes consist of mountains, which cover less than 50 percent of the
total area, separated by plains with occasional hills. All types of mountains were mapped in the North-
west African Desert except ridge mountains and basin and range complexes. Mountains occupy approxi-
mately 5 percent of the study area. Frobably the best known mountainous region in Northwest Africa
is the Ahaggar located in the east central part of the study area. This region consists of massifs, and
peaks and groups of peaks which have been exposed through erosional processes. The deep, entrenched
valleys of this desolate region contribute their part to the ruggedness of the landscape. Although most
of the Ahaggar lies between 3000 and 7000 ft above sea level, this region rises in elevation from 2000 ft
along the eastern limit to almost 10,000 ft in the central massif where the two highest peaks, Mt. Tahat
(9852 ft) and Mt. Illaman (9175 ft), occur.

A southwestern projection of the Ahaggar in Mali is the Adrar des Iforas, a highly eroded crystal-~
line area. Because the total area referred to as Adrar des Iforas does not meet the established criteria
for mountains, only the western part of the region is included in the mountain category. This area con-
sists predominantly of peaks and groups of peaks. These mountains rise above the Tilemsi valley on
the west and merge with hill lands on the east. The highest elevation within these mountains approaches
3000 ft above sea level.

East of the Adrar des Iforas and southeast of the Ahaggar are the Air Mountains a counterpart of
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M-1. The Agellal Mountain rising above the adjoining M-2. An aerial view of the Central Aha
valley in northern Air. The village of Agellal is shown canic mountainous area in Southern Alge

in the foreground. At N18°37', ER935'

location N23°3¢*, E5®30




PHYSIOGRAPHY: DESCRIPTIONS

the former and another projection of the latter. The Air Mountains rise abruptly from the surrounding
lands and extend for about 250 miles from north to south and 150 miles at their widest point east to west.
Several subsidiary massifs may be distinguished, all of which lie between 3000 and 5000 ft in elevation.

The Saharan Atlas forms a discontinuous band of ridges across the northern part of the study
area. These mountains stretch across Algeria and extend for short distances into Morocco and Tunisia,
respectively. The Saharan Atlas, with its southwest-northeast trend, ranges in elevation from 3000 to
5000 ft, although some ridges spotted along the western and central parts reach elevations from 5000 to
6500 ft above sea level.

The remaining mountains in Northwest Africa occur in Morocco. They include the western ex-
tremity of the High or Haut Atlas and the Anti-Atlas ranges. These massive mountain ranges, separated
by the Sous plain, join east of the study area to form a single range of mountains. Deeply dissected by
many gorges, the Haut Atlas lies between1000 and 6000 ft above sea levelin the study area; however, they
continue to rise eastward and reach an elevation of greater than 13,000 ft. The.Anti-Atlas also are highly
dissected and lie between elevations of 1000 to 8000 ft with highest point attaining an elevation of 8302 ft.

Igneous, metamorphic rocks are the chief constituents of the mountain masses in the study area.
Sedimentary rocks form the predominant rock type in the Saharan Atlas and are either absent or occupy
only a minor amount of the other mountainous areas. Relief varies from 50 to a few thousand feet, al-
though it is predominantly cu the order of 150 to 500 ft.
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NS AND PHOTOGRAPHS

HILL LANDS:

Hill lands are areas characterized by prominences of small summit area, with gentle to steep
slopes that rise less than 1000 ft above the surrounding terrain. Areas mapped as hill lands may be in-
dividual hill masses or may include hills separated by plains that occupy as much as 75 percent of the
area. Sand dunes, volcanics, and random and parallel hills occupy 29 percent of the Northwest African
Desert.

Vast regions o1 sand dunes referred to as ergs occur throughout the study area. In northeast
Algeria is the Grand Erg Oriental, also called the Erg of Irharhar, where dune types including longi-
tudinal, complex, and massifs occur. In the west central part of this region, long, narrow, dune-free
corridors or gassi occur which are used as routes of transportation to traverse this region. Heights of
the dunes above the surrounding terrain range from tens of feet up to 800 ft.

West of the Grand Erg Oriental and separated by the Plateau El Gantara is the Grand Erg Occi-
dental which is somewhat smaller in area than its western counterpart. This region is also characterized
by long, parallel dunes, especially in the central part of the erg. These longitudinal dunes are separated
by troughs which are not as extensive in length as those found in the Oriental Erg. The corridors are
interrupted by transverse dunes which are so frequent in certain parts of the erg as to give a honey-
comb appearance to the topography. Complex and barchan dunes are also types found within this erg.

The Ergs Chech, Iguidi, and Er Raoui form a horseshoe-shaped area of dunes that falls within
Algeria, Mauritania, and Mali. The predominant dune types in this region are longitudinal, or sief, and

LS k
U. 5. Aemy Map Service

H-1. Complex longitudinal dunes in the Grand Erg H-2. A dune field coraposed of individual barchaq
intersecting barchan dunes. The oasis at In Salah
in the background. At N27°13', E2°28'

Occidental. Location N29°10', wi1°€21'
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H

teep complex dunes separated by gassi in which old drainage channels are evident. The largest dune area in

in- Northwest Africa is the Tenere, an area consisting predominantly of sief dunes. Several isolated con-
the solidated hill areas occur within this sea of sand. The remaining active dune areas in the study area in-
fcan clude the Irrarene Dunes and the Erg of Admer in Algeria, the Arouana Dunes and Azouad Sands in Mali,
and the Ouarane Sands, the Makteir Dunes, and other scattered areas in the Ed Djouaf in Mauritania. Sta-
bilized or fixed dune areas occur between the coast and the plateau in southwestern Mauritania and ad-
feast jacent to the Talak Basin in Niger.
ngi-
ffee Random consolidated hills are included in regions of the Ahaggar and Adrar des Iforas which are
s of similar in appearance to the adjacent mountainous region except for the lower relief. The El Tiris, a
hill land region in southern Spanish Sahara, is characterized by isolated hills or chains of hills sur-
rounded by monotonous flat plains. South of the Wadi Draa in Spanish Sahara, Algeria, and Mauritania
cci- are folded rock strata in the form of parallel ridge hills separated by alluvial basins. Volcanics have
ized been mapped in the Eguere and in the eastern part of El Eglab in Algeria. =
jated
are The hill lands in the Northwest African Desert vary from unconsolidated to consolidated mate-
hey- rial. Unconsolidated material is restricted to the sand dune areas and the plains included in this unit.
erg. Sedimentary rocks compose the parallel hills and extrusive igneous rocks form the volcanics. The ran-
dom hills are predominantly of igneous rocks with minor amounts of sedimentary rocks. Relief with-
jthin in the hill lands varies from 50 to 800 ft, and vegetation cover can usually be described as barren to
and scattered.

i
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) Photogeaph by Aviatica miliseires Phorwgraph by Caporley’
ompz si2 of individual barchans and H-31, An aerial view of ridge hills in the foreground and
dunes. The oasis at In Salah is shown pyramidally shaped dunes in the background. The flood-
kground. At N27°13', £z9%28' plaia of the Wadi Saoura separates these distinct hill

types. Location N29°31', w1033/
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P. Bordet’ ¥. 0. Witliams®®
M-4. West face of Tidjemayene, a phonolite M-5. The Seldja gorge forming a gateway M-6.
peak in the Ahaggan that rises 650 ft above through the mountains to the Sahara in west- Bord,
the surrounding terrain. Approximate ern Tunisia. Location N34951', E8°936' th¢

location N23925', E6920'

Ph % A by G. Bourdelon, Mission du IIouu"
M-8. Disintegration of granite at the summit of Tefedest. M-9. Looking across the Wadi Tihaliou
Boulders of varying forms have been clefted and sculptured mass rising above the dry streanibed.
through mechanical and chemical vreathering. N23°l0', E&°15'

At N2595', E£5925!

t Raised numbers refer to similarly numbered entries in the photographic bibliography at the end of volume ] of tH




i, 5 e OB B i G © - =9 Y e anaggdrs. At N23“16°, E59327

Service Phosographi duG‘.' Yral? Photograph by Aviati ilitaire, observations P. Bonlets

|

M-6. Terrain crossed by the road between M-7. A recent basaltic crater (center 3

Bordj and Cahiba. In the left ba: :ground is foreground) in the Ahaggars. Immediately |
the Djebel Ksaum. At N34°52', E4954' behind and to the left of the crater lies a

granite massif. The dark area behind the ';
crater and massif is a ridge of lava. '
Location N23°55', E5°955¢

Georg Gerster ! 4 “Df‘lly
di Tihaliouine at a mountain M-10. The dome of Tesnou, a granite mass which forms
reambed. Location part of the Ahaggars. iLocation N24°41', E4°38'
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ume | of this report.
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in the background. At N27°13', E2
Vi _ ' ;

I Sai‘oly
H-4. Dune massifs separated by low dunes H-5. Ripple sand surface in Spanish Sahara H-6. A go
in the Grand Erg Oriental. Note the sparse with complex dunes in the background. and fan for
vegetation which constitutes the basis of Exact location unknown Algeria. 1
grazing lands. Location N32°21', E6°51' : dry strean
the ph

A-nnc,
H-8. Sandstone hills with the Erg el Atchane in the back- H-9. Rock outcrops on a plain bordering a 1
ground. The drainage net shown converges toward the solidated hills. Av N21°38', w144

Setka el Melah. Location N29°23', W1°92¢!
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“pyramidally shaped dunes in the background. The flood-

s, -ihe'basis’at in Salah is shown
plain of the Wadi Saoura separates these distinct hill
types. Location N29°31', W1©33!

found. At N27°13', E2°28'
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18 Instituto de Estudios Africanos’

Instisus Ceographique Nasional, France
a H-6. A good example of an alluvial apron H-7. Gabbro weathering into splinter -like
and fan formed at the base of a hill in garticles along rectangular fractures in
outhern Spanish Sahara.
At N21°38', W14°51'

Algeria. These landforms border a wide,
dry streambed that appears in the center of
the photograph., At N28°27', w9°10'
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PLATEAUS: )

Plateaus are elevated masses of land characterized by extensive, more or less flat-lying summit
areas bounded on one or more sides by scarps. Dissected plateaus are areas wherein less than 85 per-
cent of the original flat-lying summit area remains. Plateaus occupy approximately 28 percent of the
Northwest African Desert and almost completely encircle the study area. Aseries of dissected plateaus,
referred to as taseilis, which are separated by wide wadi systems form a discontinuous band around the
Ahaggar Mountains. Occupying the eastern part of this circular belt is the Tassili n' Ajjer, a rugged
sandstone region characterized by steep-sided, sand-choked wadis. Lying between Ahaggar Mountains
and the Adrar des Iforas and the Air Mountains is the Tassili Oua-n-Ahaggar, a maturely dissected
plateau with isolated hills and wide, dry streambeds. The northwest part of this plateau band is the
Asedjrad, Ahenet, and Mouydir piateaus which are similar in many respects to their counterparts in the
east.

East, south, and west of the Grand Erg Oriental in Algeria are the El Gantara Tademait, Tinrhert,
and Marth plateaus. These plateaus are more often referred to as hamadas, a term signifying a barren
rocky surface which describes these areas. These great expanses of rocky limestone wusteland for the
most part are dissected except for the parts of the Tademait and El Gantara where the frequency of the
streambeds is reduced. Lying between the northern limit of the study area and the Saharan Atlas is a
part of the Haut Plateau. This region is marked by an undulating surface that is broken by an occasional
ridge and enclosed basins or chotts where lakes form after r2ins.

West of the Haut Plateau are a series of hamadas that extend to the Atlantic Ocean and then south

rwuamw’ !

PL-1. A meandering valley carved in a sandstone plateau PL-3. A view of the escarpment t
near Arak. Aeolian action has accentuated the irregular the Draa Platcau in the viciaity of
surface and the cuts along the edge of the plateau. In the mate location K29°17

background is a desert plain with scattered hills.
Approximate location N25°17', E5°21"
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PHYSIOGRAPHY: DESCRIPTIO

through Spanish Sahara to the vicinity of Port Etienne in Mauritania. In Algeria these plateaus are the
Hamadas Dra, Guir, Du Daoura, and Tounassine. The surfaces of these plateaus are similar and vary
from a relatively level rocky surface to a highly dissected landscape where streamshave sculpturedwide,
deep valleys. The regional slope of the Algerian and castern Spanish Sahara platezus is in a southerly
direction toward the central basin of the study area. The western limii of the plateaus in Spanish Sahara
is marked by discontinuous scarps facing the Atlantic Ocean.

In western and southwestern Mauritania lie the sandstone plateaus of Adrar, Tagant, Tichitt, and
Oulata. The western and/or southern limits of these plateaus terminate an almost continuous escarp-
ment which rises more than 10(C ft above the lower lying desert plains. The northern and eastern limits
are not as well defined and grade into adjoining sandy desert plains. Intermittent stream valleys occur
frequently between the rocky summit area of these platcaus. Limestone plateaus with northward facing
escarpments occur along the southern limit of the study area in Mali and Niger. Hamada surfaces with
sinkholes characterize these plateaus. West of the Air and Adrar des Iforas are the Irahaouriter and
Timerin plateaus, respectively. Both of these areas are highly dissected with a seriesof eastward facing
escarpments. The El Hank and Azlef plateaus occupy approximately 40,000 square miles in the west
central part of the Northwest African Desert.

Bare rock and stony soils compose from 20 to 100 percent of the surface within the plateau re-
gions of the study area. Relief in the summit areas generally ranges from sevéral feet to 60 ft, but the
depth of dissection along the major drainageways is usually from 100 to 800 ft.

Instionso de Estudros A'n‘.-una” ] de Earndros Afri i3

ent that forms the border of
ty of Buirat Well. Approxi-
9°17', W5054!

PL-3. A sard-filled reentrance into the plateau along the

Spanish Sahara coast. The ercarpments on the left part cf

the photo rise to the surface of the plateau. Appro-imate
location N24°0L', W15°37'
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RIPTIONS AND PHOTOGRAPHS

PLAINS:

Plains are extensive tracts of flat to gently sloping land with hills, where present, occupying less
than 25 percent of the surface. Desert, depression, alluvial, and coastal plains occupy approximately
38 percent of the Northwest African Desert. Desert plains occupy by far more area than the other types
of plains in the study area. A slightly dissected desert plain extends along the southern limit of the
Saharan Atlas in Northern Algeria. This plain is joined by a relatively narrow desert plain that sepa-
rates the Grand Erg Oriental and the El Gautara Plateau. West of the Ahaggars and lying in the approxi-
mate center of the study area is the Taureg Tanzerouft. This desert plain is a lifeless, barren expanse
of terrain occupying approximately 30,000 square miles. A similar, smaller plain occurs east of the
Ahaggars and north of the sand dune region of the Tenere. Dikes and sand-silt basins interrupt the flat
to slightly undulating surface of the Karet Plain in northern Mauritania, In southwestern Mauritania,
desert plains occur between the stabilized dunes and the Atar Plateau. The plains of the E1 Djouft Basin,
a hill land (sand dune) and desert plain complex in Mauritania and Mali, vary from undissected silt flats
to surfaces crossed by widely spaced wadis. Lying between the Adrar des Iforas, the Southern Tassili,
and the Plateau Irhaquriten is a desert plain slightly dissected by an old wadi system. South of the fixed
dunes in Niger, the desert plain surface is spotted with shallow sinks.

Depression plains, where elevations below sea level occur, constitute the Tunisian-Algerian chott
system which stretches for about 230 miles in the northeast part of the study area. This system of
muddy saline depressions includes the Chotts Djerid and El Rharsa in Tunisia and the Chott Melrhir in
Algeria. The Chott Djerid covers about 1900 square miles, and elevations as low as 52 ft below sea
level occur. The Chott el Rharsa is separated from the Chott Djerid by a sill, and occupies an area of

L. S Army Mep Service

P-1. An oblique view of the floodplain of Wadi Dra lying
between a curving continuous ridge on the left and a dis-
continuous sinuous ridge on the right. Alluvial apron band
occurs at the base of the hills (upper right of the photo).
Approximate location N28°20', W9°3s!

P el

P-2. Inselbergs rising
A thin layer of sand ver
cept in the lower left cd
where the flattened cry

exposed. Approximate'
.. M2200
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400 square miles with a minimurn elevation of 69 ft below sea level. The Chott Melrhir incloses an area
of approximately 600 square miles wherein a minimum elevation of 100 ft below sea level is reached.
The Sebkha Tindouft in Algeria and the sebkhas at the base of the Hamada el Haricha in Mali are the re-
maining mapped depression plains in the study area.

Coastal plains in the Northwest African Desert include a 15- to 60-mile-wide continuous strip in
Tunisia adjacent to the Mediterranean Sea, and discontinuous strips in Mauritania, Spanish Sahara, and
Morocco adjacent to the Aclantic Ocean.

The major alluvial plains in the Northwest Africaz Desert are located along the Wadis Sous, Dra,
ind Saguio el-Hamra and the Niger River. The Sous Plain is triangular in shape and is bordered on the
north by the High Atlas and the south by the Anti-Atlas Mountains., The Dra Plain is a narrow band along
the Morocco-Algeria and Morocco-Spanish ahara boundaries. The Saguio el-Hamra Plain, irregular in
shape, extends approximately 250 miles across the northern part of Spanish Sahara. The Niger River
.makes an arc through the southwestern part of Niger. This plain enters the study area as a narrow
floodplain which widens to form a low, marshy '‘inland delta'® prior to continuing southward outside the
desert limits.

Pluins within the study area arce composed of material ranging from clay to sand and gravel to
tare rock and stony soils. Local relief seldom exceeds 50 ft.
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Ceorge Rodger®®

sing above a desert plain.

diger N !, Fraace

P-3. The desert plain surrounding the village of Reggane.

i veneers this plain ex-
ft corner of the photo
crystalline basement is

ate location
&8 ©210nal

Location N26°43', E0°l0*
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* PLAT A 'Mesanaering valley carved in'a shEGSHE pratomu o8- e o L R G R e o 2
near Arak. Aeolian action has accentuated the irregular the Draa Plateau in the vicinity of Bui:
surface and the cuts along the edge of the plateau. In the mate location N29°i7', W‘

background is a desert plain with scattered hills.
Approximate location N25°17', E5°21'

Robert Pcrnlz U. S. Army Map Service

PL-4. The relatively level rock fragment PL-~5. Aerial view of sinkholes developed in
covered hamada surface of the Plateau a limestone plateau in Algeria. Location
Tademait. Exact location unknown N33°13', N01°38!

PL-8. Aerial view of mesas in Northwest Mauritania. PL-9. Aerial oblique showing stages @
Exact location unknown region in Spanish Sahara. Various staj

the surface features exhibiting similar

erenced to the general level of plateau

Approximate location N27945

t Raised numbers refer to similarly numbered eatries in the photographic bibliography at the end of volume I of
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the vicinity of Buirat Well. Approxi- ' S;paniﬁﬁ‘ SHRaTA €oast, “ITHE & Pr vs- O Tae SeTe pRtrtor-
bcation N29°17', W6°56! the photo rise to the surface of the plateau. Approximate
location N24°08', W15°37°
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Service La Belle Im"9 U. 5. Army Map Service
led in PL-6. Salt encrusted surface of the PL-7. Aerial oblique of the Richat, a
n Sebkra d'Ouga. At N29°44', W2°07' breached dome in the plateau region of South-

west Mauritania. At N21°15', W11°30" !

U. S. Army Nep Service Thoodore Monod' |

¢ showing stages of crosion in a plateau PL-10. The edge of the El Hank plateau north of Tagusalet i
hara. Various stages are marked by in Mauritania. Approximate location N24°13', W6°58® ‘
exhibiting similar elevations when ref-

al level of plateau in the background. '
ate location N27°45', W12°05'

end of volume I of this report.
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. occurs at the base of the hills (upper right of the photo). where the flattened crystalline kaseme
[ Approximate location N28°20", w9°3s5! exposed. Approximate location
R L e NZ3°1 5' . E3°00'

P-4. Aerial view of consolidated dissected hills (in the lower P-5. The multichannel bed of the Wadi Sz
right) bordered by an alluvial apron which grades into a rel- Reggane. Approximate location N26949
atively flat desert plain. Note the isolated barchan dunes
(lower left) and the longitudinal dunes fupper right) on the
plain. Approximate location N73920', W12939*

a ie Goncrale T, SR

Apag U. 5 Amy
P-7. Automobile tracks penetrating the sandy surfaces of P-8. Aerial view of a drainage netwoy
the Tanzeruft, a vast, featureless plain which lies in the desert plain. Approximate location
heart of the Northwest African Desert. Approximate N29°3s', E07%45"

location N22°i8', E1°05"

.
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R H. Fo'bum

1 bed of the Wadi Saoura near
ate location N26%49', E0°07'

:

P-6. Aerial view of a desert plain -- sand covered in the
foreground with rock outcrops vccurring near the plateau
escarpment in the background. The road-like pattern in
the center foreground is a low dike. Location

N25°35', E12°20'
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HYPSOMETRY

Below sea level

0 to 1,000 feet

1,000 to 2,000 feet

2,000 to 3,000 feet

3,000 to 5,000 feet
5,000 to 7,000 feet
4 7,000 to 9,000 feet

9,000 to 12,000 feet

Spot elevation in feet

ANALOGS OF YUMA TERRAIN
IN THE
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Salt 1aKeS cevesecesersisrsssesasnasseccosccesssesss DA=8
COLLUVIAL

T g » o3 £ 1

EOLIAN

Duet pits .ccveicecinsincesrssrssscscerssnsssscessss DE-dp
Rippled eurfacee.

Sand dunee {undiff.). s DE-8d
Barchans....ceceenee DE-sd-ba

m Complex dunee. DE-sd-cd
Peak and fulji... DE-sd-pf
Traneverse dunes DE-sd-td

Dune massife... v.DE-8d-dm
Longitudinal dunes .DE-ed-1d

Sand-choked wadis.. .DE-scw
Silt flats.eccesceciecscensoscsososocnsosesescacscsssc DE=8S
Stabilized or partly stabilized sand areas
Stabilized free or active forms. DE-st-sfa
Wavee and billows...ccceesesenscrsccsscscesesss DE-wb

MARINE

Beaches .ccuicetiercecrressnssnsnscesssssacesssss DM=be

ORGANIC-CHEMICAL

Caliche® ciceeceririrecccnninrsssssesssecrenceseceses DO=Ca
Playas {undiff,) +00eDO-pl
«» DO-pl-dr
8 «s DO-pl-mo

Clay encrusted, +DO-pl-mo-ce

Salt encrusted.. DO-pl-mo-se
Salt MAreh.cccicsisrensrssrsssrsssrssrssssssess DO=-8M

Moiet (undiff,

Ii. EROSIONAL
GROUND WATER

Karst topography cecesesesescsrsssessesssrssesss EG-ka
[ 1,17 JRTR

MARINE

Wave-cut cliffs
Wave-cut terrac

.EM-wec
srecrssencresrsacsesescesse EM-wCt

T = i b

Steep wadi banks.

WIND
Ip pl—Desert pavement {undiff.)..cceeceerecsasesess EW-dp

Flint-sirewn plains..... +EW-fep

Hamadas..cieisessrssssrsesscsrieccccsesscesses EW-ha

Stabilized or partly stabilized areas
Blowoute...ccovessssersssssasacerscnnisssens EW=5stabl

11l. MISCELLANEOUS
INTRUSIVE

Knobe...eieeeersrersissrsnnscecococscscnsessacsnsss Mi-kbs

METEORIC

Meteor Craters cccscecercescessscecsssnsnssnss MM-me

RESIDUAL

Exfoliated boulders...cceeeceseseces.ciresesess MR-eb
Grus.ceesscossesses +MR.gr
Heat cracksiiecisesscrcescessssssrccncessrensess MR=he

TECTONIC

Badn ranges

Domal warps ......
Elongate domes...
Fault valleys coissones
Intramontane valleys,
SCATDPSitscsssssossrssrsssens

sesrees MT-iv
vees MT-8c

VOLCANIC

Broken lava flows..ccescesrsscnsnssssrsasensess MV =blf
Cinder cones.... +MV-cc
Cinder fields
Lava flows .,
Necks and plugs....

*The colors used on the maps have been restricted to the most common landforms which occur at Yuma. Areas so
delineated in Northwest Africa indicate regions within which the particular landform predominates. Landform types
DA-bs, DA-bew, DC-ta, ES-wb, ES-dw, DA-n], and DA-ma occur at Yuma but are of relatively minor areal extent

and have not been mapped.

EW-kn

or
DA-de

Indicates the general area in which a specific landform or surface condition is known to exist.

EW-kh Indicates that this feature is comradn or widespread throughout the physiographic unit within which the

designation lies.

e~—ES-wh [Indicates a uwpecific location of a landform
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CLASSIFICATION AND DESCRIPTION
@l Range at
1. DEPOSITIONAL Plan-Profile T > 1
ALLUVIAL S=iss Numbe#
1
Alluvial fans: Alluvial fans are cone-shaped features occurring
at the base of mountains, hills, escarpments, etc., 1L
where streams experience a sufficient reduction in

1 gradient to deposit their loads. These fans, steepest 1, 1L
near the mountains, slope gently outward with a con-
tinually decreasing gradient and are characterized by
braided stream channels which score their surfaces. L, 1L

1L, 7
Alluvial aprons: Alluvial aprons are created through coalescence

2 of alluvial fans along the base of mountains or plateau 1, 1L, ?

escarpments. . 3
1, 1L, 7 To 0 EXE
Abandoned courses: Abandoned courses are lengthy segments of

3 a river abandoned when the stream choose. a new NA®* NA
course across the floodplain.

NA NA
Bars and swales: Bars and swalés are a series of alternating
sandy ridges (bars) and arcuate clay or silt-filled

¢ sloughs {swales) developed on the inside of a meander This phenomenon is classed as a surf
bend of a river which grows by the slow addition of These surfaces are rolling in nature,
individual accretions accompanying migration of the
meander.

Boulder-choked wadies: Boulder-choked wadies are relatively
narrow and deep, intermittent streambeds, generally
L in mountainous or plateau regions, where boulders have :
g NA NA
been amassed in numbers sufficient to retard or prevent
vehicular movement. NA NA
Deltas: Deltas are alluvial tracts of land, usually triangular in

6 shape, formed at the mouth ¢f a river. Inland bound-
aries of deltas often, but not invariably, coincide with 7 L‘CP‘I
the farthest upstream distributaries of a river. ? Lacking

]
1
Floodplains: Floodplains are relatively smooth, flat lands ? Lacking

? bordering a stream. They are built of sediments de- 1, 7 e To 0
posited by the stream and inundated by floodwaters.

ll lLo 7 "TO °
Inte rmittent freshwater lakes: Interraittent {reshwater lakes are

] standing bodies of inland fresh water which become dry NA NA

during certain periods of the year. NA NA
Intermontane plains: Baeins of interior drainage between moun-
9 tain ranges compossd of {ine-grained alluvium deposited 1, 7 e To 0
by streams issuing {rom :he adjacent mountains.
1L, 1L, 7 ++To 0
Levee-flank depressions: Lavee-flank depressions ars irregular
to rectilinear low areas, usually containing ponds cr
10 lakes, paralleling and flanking natural levee ridges. NA NA
They are best developed in deltaic regions.
NA NA
|
Marsh: Marsh is a tract of low (in reference to surrounding ter-

n rain), wet ground, usually miry and covered with rank This phenomenon is classed as a sur
grase and sedge vegetation and confined to freshwater Marshes are characteristically featu
areas. I I '

w -
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Range at Yuma

224 Range in Northwest African Desert
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DESCRIPTIONS AND PHOTOGRAPHS

ype 1 . Relief Type II
6 7

400 1000

=3 WY . BT o St
U. S. Ammy Map Service U. §. Netional Perk Service
1. A vertical photograph of an alluvial fan 2. An alluvial apron forming a narrow, contin-

uous band between the background mountains
and the basin in the lower half of the photograph

F. C. Sehrador, UsGS?* ' U. 3. Amy Eaginser Districs, Now Orloans

5. Boulder-choked wadis 6. Present distributary system of the
Mississippi River Della

L. 5. Amy Zoops of Eag weme

- ] a = = e T e o P = _———
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U. S. Amy Corps of Enginears U. S, Army Corps of Engineers

narrow, contin- 3. A vertical photograph rhowing the now heavily 4. A vertical photograph of bar and swale topog-
d mountains vegetated meander of an abandoned course in the . raphy. The bars are the light arcuate areas, the
of the photograph lower left quarter ot the photograph swzales the intervening dark, vegetated areas

piseer Dispnier, Now Ovlosns Neferonce 18 U. . Amy Corps of Enginseore

ystern of the 7. Floodplain of the Colorads River, looking 8. Intermittent freshwater lakes
Delta touthward from Laguna Dam, Arizona

C K Comnz ' ¢ Satrmnnl Posk Somare U5 Amy Eagiaser Diasnat, Now Ovioens
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] 9 ] tain ranges componed of fine-grained alluvium deposited 1, 7
by streams issuing from the adjacent mountains,
1, 1L, 7
Levee-flank depressions: Levee-flank depressions are irregular
to rectilinear low areas, usually containing ponds or

10 lakes, paralleling and flanking natural levee ridges, NA NA

They are best developed in deltaic regions. NA NA
Marsh: Marsh is a tract of low (in reference to surrounding ter-

11 rain), wet ground, usually miry and covered with rank This phenomenon is classed as a surfj
grass and sedge vegetation and confined to freshwater Marshes are characteristically featur
areas.

Natural levees: Natural levees are long, relatively narrow +
alluvial ridges, higher near the river and gradually
sloping away from it, which are built up on either side

12 of a stream by overbank flow. Surface drainage patterns NA NA
range from minute drainageways to major crevasses,
commonly found at right angles to the direction of levee
elongation. NA NA

Ox-bow lakes: Ox-bow lakes are crescent-shaped lakzs formed

13 when rivers are shortened by the coalescence of mi-
grating river bends at the upstream and downstream NA NA
arms of meander loops. NA NA

Salt lakes: Salt lakes are any standing bodie: of inland water,
generally of considerable size, which contain a predom-

14 inating amount of sodium chloride in solution and usu- NA’ NA
ally magnesium chloride as well as magnesium and )
calcium sulfate, ' NA NA

COLLUVIAL
Talus: Talus is an unconsolidated, sloping heap of fairly large

15 rock fragments or debris formed at the base of an es- NA :
carpment or stzep slope through gravitational accumu- L
lation. NA NA

EOLIAN
Dust Pits: Dust pits are roughly circular depressions which are q : -

16 loosely filled with fine dust or ash-colored povder to the DAy phe:nomenon IS clavged ain e st

level of the surrounding terrain, The surfaces of these pits have low-bs
Rippled surfaces: Washboardlike surfaces caused by the heaping ) !

17 up of sand by wind action. They are normally found on This phenomenon is classed as a surfi

the gentler slopes of dunes or in flat, sandy areas. Ripples range in height from 1 or 2 in

Sand duner Sand dunes are mobile heaps of windblown sand in-

dusendent of fixed objects or underlying topography.

Barchans: Barchans are dunes having a crescentric ground 4 !

. plan with the convex ride facing the wind and horns

18 extending leeward. The profile is asymmetric with +,Go*

the gentler slope an the convex side and the steeper |
slope on the concave or leeward face. 4.@ F
i

* Not applicable.
** Circled numbers indicate the plan and profile are both gross and rcatricted for worldwide conditions but only gross for 1

t Raised numbers refer tc similarly numbered entries in the photographic bibliography at the end of volume I of this repo1
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2154311 Shstetitn

Shell®

9. Intermontane plain as viewed from
adjacent mountain

U. S. Amy Corps of Engineers

13. A vertical photograph of an oxbow
lake — False River Cutoff, Louisiana

Ailas Paoiographiqer 0°A l.c’n’a’

17. Rippled surfaces

U. S. A1ty Corps of En.inee.n

10. Water-filled levee-flank depressions

P. S. Smish, USCS?*

14, A salt lake fringed by white,
crystallized salt

Roforence 8

18. A field of barchan dunes north of
Magdalena Bay, Mexico

REPY N 0 R IR IO AR DL by i T BT gt




Army Corps of Engineers G R. Grant, U. S. National Park Service U S. Army Engineer District, New Orleans

‘ depressioné 11. Marsh 12. Cultivation on natural levees

|
NO
PHOTOGRAPH }
AVAILABLE

V. H. Jackson, USGS?*

P. S. Smith, USGS?*

by white, 15. Steeply sloping talus cone flanking 16. Dust pits
a plateau escarpment
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e CLASSIFICATION AND DESCRIPTION
Il Range a
I. DEPOSITIONAL (CONT.) Plan-Profile 2
EOLIAN Unite Nombe
1
4
19 Comnlax dunes: Complex dunes are irregular masses of sand 4, "I"
nut readily classifiable into types. 2 4L 5 5L 5//'751‘/@
6, 6L, 6//, 6L//
Peak and fulji: These occur where the tips or horns of a fast- 4
moving barchan join or intersect the windward side
of another barchan, thus forming a circular or
20 horseshoe-shaped hollow known as a fulji. The 4
crest of the barchan slipface, which flanks the fulji,
is referred to as the peak. @
Transverse dunes: Transverse dunes are strongly asymme- 4L//
tric ridges extending transverse to the direction of
21 dominant sand-moving winds. The leeward slope is 4L//, (5L, 6L
steep; the windward, comparatively gentle. 4L, 4(1;//,651}" S5L//, R
Dune massifs: Dune massifs are massive, roughly conical or
pyramidal dunes characterized by curved slopes.
Small hollows and terraces often dimple their steep
22 sides. The massifs are usually associated with 4
longitudinal dunes, but are quites unmistakable as
they rise far above the general crest level, 4
Longitudinal dunes: Longitudinal dunes usually consist of a
single continuous ridge which swells and rises at
regular intervals to form a chain of summits con- 4L//
23 nected by a2 continuous wavy cre . The profile is :
asymmetric with one side exhibi.ing a2 moderate 5L/, 6, 6L, 6L/
slope; the other, a steep or slipface. Longitudinal
dunes are aligned parallel to dominant sand-moving GL. 4L/Z. 5L, SL//,
winds. 6, 6L, 6L//
Sand-choked wadis: Sand-choked wadis are intermittent stream-
24 beds generally within plain or plateau areas which have NA* NA
S been almost completely or partly filled with windblown
sand, NA NA
25 Silt flats: Silt flats .re almost flat surfaces composed of silt This phenomenon is classed as a sur,
generally s'wept clean by wind action. Silt flats . ".cn extend for many mile
Stabilized or partly stabilized sand areas.
Stabilized free or active forms: Active dune types which huve
26 been stabilized by vegetation but which still retain 5L/, 6, 6, 6L//] Lacking
Y f .
their initial form 3, 4L, 4L//, 5, 5L, Lisiing
5L/, 6, 6L, 6L
Waves and billows: Waves and billows are undulating to rolling
27 areas of sand which present a surface not unlike the 4,7 Lacking
waves of a rough sea. ! v
4,7 Lacking
MARINE
Beaches: Beaches are gently sloping strips of land borde ring the
28 sea, usually recognized as that part which lies between Lacki
high- and low-water marks and formed by the action of 7 clmg
the sea. Lacking
ORGANIC-CHEMICAL
et P T YL 1) o - - e ——
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l Range at Yuma

2722 Range in Northwest African Desert

Worldwide Range
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ef Type 1 . Relief Type II
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400

1000

LALSIN

o

U. S. Army Map Service U. S. Army Office of Quartermaster General 231

19. A vertical photograph of a complex 20. Peak and fulji topography in the Yuma
dune field in Algeria Sand Hills, Arizona

LA T e S
H. ). L. Beadnell* Institut Goographigue National, Francel®

23. The sinuous crest line of a 24. Sand-choked wadis appear as white
longitudinal dune bands which weave through the highly
dissected plateau
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22

ermaster Genenl 23 t Fairchild Aer.al Surveys, Inc.

in the Yuma 21. Transverse dunes in the vicinity of
Delta, Utah

NO
PHOTOGRAPH
AVAILABLE

o Nauonal, Franee!?

r as white 25, Silt flat
e highly

22. Dune massifs separated by sandy
plains

U. S, Foreat Service

26, Stabilized sand dune area

? C. 5, Sed C Sewvice, D of Agneal
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Waves ana piliows: Waves and bliows are 'ﬁx;‘t‘idxatiﬁ;g"té 'rbﬁﬁig i

B s e

27 areas »f sand which present a surface not unlike the 4, Lacking
waves of a rough sea. 1
4, Lacking
MARINE
Beaches: Beaches are gently sloping strips of land bordering the
28 sea, usually recognized as that part which lies between 7 i
high- and low-water marks and formed by the action of Lacl|<mg
the sea. : Lacking
Y !
ORGANIC-CHEMICAL 5 5
Caliche: Caliche is a calcareous deposit occurring at or near the This phenomenon is classed as a surf;
29 surface, which has accumulated from charged ground- Caliche occurs in most desert areas v
water moving upward and evaporating. cemented fragments of rock with diam
Playas: Playas are nearly flat areas of salt or salty fine-grained
soils occupying basins where water collects and evap-
orates after moderate or icrreontial rains.
30 Dry playas: Dry playas are characterized by very hard, This phenomenon is classed as a surf
smooth, flat surfaces of fine-grained soil. Surfaces of these playas are characte
Moist playas: Moist playas are characterized by irregular,
puffy surfaces with a thin friable surface crust which
is underlain by soft, spongy ground.
31 ) Clay-encrusted playas: Clay-encrusted playas are moist This phenomenon is classed as a surf;
playas with a surface crust of clay. These playas are characterized by sli|
] ]
Il { T
32 Salt-encrusted playas: Salt-encrusted playas are moist This phenomenon is classed as a surf;
playas with a surface crust of salt. Surfaces of these playas are characte
Salt marsh: A salt marsh is a flat, poorly drained part of a
13 coastal region whose surface ir so near the level of NA NA
the mean high tide that it is covered by the majority
of high tides. NA NA
IL EROSIONAL
GROUNDWATER
Karst topography: Karst topography is developed in limestone
regions by the solution action of ground and surface
34 waters. In advanced stages, the topography is irregular
and characterized by numerous sinks and depressions 1
of all sizes interspersed with abrupt ridges and irregular
protuberant rocks. 2 1
Sinks: Sinks are circular or elongate depressions of varying size
35 formed by solution and collapse in areas of calcareous NA NA
or evaporite rock. NA NA
MARINE
Wave-cut cliffs: Steep cliffs of bare rock, or occasionally unin-
36 durated materials, resulting from wave action marking NA NA
the seaward limit of the coast. NA NA
* Not applicable.
*+ Circled numbers incicate the plan and profile are both gross and restricted for worldwide conditions but only gross for !

t Raised numbers refer to similarly numbered entries in the photographic bibliography at the end of volume I of this repo




T e, G s

L RLLLLA LR

X

_©
-
=]
wn

[=]
-
=]

wn

it R R R

l
1

pjurface condition and mapped in terms of surface roughness or microrelief rather than geometry-factor ranges.

as within plains of gentle slope. It may occur as deposits of calcium carbonate or as angular, calcium carbonate-

fiameters up to several inches.
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1 27. Sand waves and billows rising above 28. A narrow beach bounded by the vege-
r a sandy plain tated coastal plain and the sea

R. 0. Ston-

31. Soft and spongy surface of a clay- 32. Rough surface of a salt-encrusted
| encrusted playa »laya
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35. A sink as viewed irom the rim 36. Wave-cut cliffs




Shelt® U. 5. Soil Conservation Service, Department of Agriculture

the vege - 29. The light-colored caliche is overlain by . 30. Desiccation cracks on the surface of
sea a dark sandy clay layer a dry plava

Ls Belle luup,

ncrusted 33. Salt marsh 34. A vertical photograph of Karst topog-
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raphy in a limestone plateau area 1
|

ANALOGS OF YUMA TERRAIN
IN THE

NORTHWEST AFRICAN DESERT

LANDFORMS - SURFACE CONDITIONS
DESCRIPTIONS AND PHOTOGRAPHS

4

br Sasional, mcr‘

PLATE 19A

— mrgm e - . 06D R coen e e e et T st e ARG R ===T=




B—— E— A ————
!
Photo
No. CLASSIFICATION AND DESCRIPTION
N Range
II. EROSIONAL (CONT.) Plan-Profile T -
MARINE Unity Numb
1
Wave-cut terraces: Steplike, narrow strips of land adjacent to or
37 near the sea which have been sculptured by the waves 17 ot |
and current, Each terrace records a landward advance ' = To /%ﬁ
of littoral erosion. 1, 7 e To ORI
SURFACE WATER
Badlands: Regions nearly devoid of vegetation where erosion,
38 instead of carving hills and valleys of th= ordinary .
type, has cut the land into an intricate maze of narrow 4
ravines, sharp crests, and pinnacles. <
Buttes and mesas: Isolated residual prominences with very steep
or precipitous slopes left as erosional remnants of a -~
39 plateau area. Mesas have distinctively flat tops; buttes
have been so eroded that only small flat tops or peaks
Canyon country: Canyon country refers to a plateau dissected
4« by a branching network of broad, steep-walled valleys, 1, 1L, 2
1, 1L, 2, 4,5
P Flatirons: Triangular remnants of an eroded hogback ridge often 7 £
occcurring in series on the flank of 2 mountain. Lacl:mg
7 Lacking ‘
Foothills: Foothills are lower subsidiary hills at the foot of
42 mountains or higher hills. They form transitional zones 4, 4L
between the highlands and the adja.cent lower land. 4 45
Hogbacks: FHogbacks are sharp-crested ridges produced by un- p b
b equal srosion in steeply inclined rock. €L, AL/} %///
(4L, 4L/, 5L//, 6L s
Outliers: Outliers are isolated remnants of rock separated from . =
“ the main mass to which they were formerly joined. ididiyu
SHEHHHISRNY bt
Random hills: Randomly oriented masses rising less than 1,000
feet abova the level of the surrounding country.
4
POy Consolidated rasidom bkills: Consist of masses of sedimentary, 4 4L
igneous, or raetamorphic rock. : ' ‘
4, 4L J
4
% Usaconsolideted random hills: Consist of unconsolidated ma- 4 4L '

terial such as clay, silt, sand, or gravel.

4, 4L
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| LANDFORMS —SURFACE CONDITIONS: q
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B Range at Yuma Range in Northwest African Desert Worldwide Range
q Relief Units
i Sl Unit
Slope Occurrence Units ope Units En 2 3 ﬁfﬁRelief Type |
TE 2 I 3 | 4 s T 6 $|lta] b | 2 [ 3]als5]6d]]t 4 5
Number of Slopes Greater than 50% per 10 miles Degrees Feet
1 5 20 100 200 1 2 4 8 16 32 64 10 50 00 4
| { 1
|
0 AL 1to 15
0E i 1to 15

100 to >200 20 to 60ﬂ e S %
] | 11 IRERII
100 to >400 20 to 75+ ‘R B j
|
A P e A7 ZIS tcl> 90+
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'ype I .- Relief Type II

6

1 7%

400

1000

SH I

12

C. W. Stose, USCS? | 1. V. Harrizon

37. A wave-cut terrace surmounted by 38. Badlands
several stacks

Palace Stadios, Bouider, Colorado 1. Lisdgren, USGS**

41, Flatirons 42, Band of foothills at the base of a
mountain range




H
i

G. CatoneThompaon and E. W, Garduer

39, Buttes and mesas 40, Canyon country

V. Lindgren, USGS™¢ U. §. Soil Conssrvation Service, Depar of Agricst
43. Hogbacks

the base of a

NO
PHOTOGRAPH
AVAILABL.E

o I .



S b " 'Random hills: Randomly ofiented masses rismng ie B Commepen [ ol = -
feet above the level of the surrounding country. 1 A
4
Consolidated random hills: Consist of masses of sedimentary,
$ 4, 4L
igneous, or metamorphic rock. 2
4, 4L
4
46 Unconsolidated random hills: Consist of unconsolidated ma-
terial such as clay, silt, sand, or gravel. 4, 4L
4, 4L
41 Scarps: Scarps are more or less continuous, pr;ecipitous slopes NA*
exhibiting more than 100 feet of relief. NA
NA NA
Steep wadi banks: Steep wadi banks are mapped where a con-
5 spicuous number of wadies bordered by high precipitous
a8 banks occur. Wherever banks are higher than 100 feet NA NA
they are considered scarps,
NA NA
WIND
Desert pavement: Desert pavement is a mosaic of closely packed This phenomenon is classed as a surf
M pebbles and broken rock fragments usually coated with a Desert pavement occurs as a thin ven
stain of manganese or iron oxide. vary from flat to gently undulating. G
Flint-strewn plains: Flint-strewn plains are flat to undulating
surfaces developed on weathered limestone or chalk. This phenomenon is classed as a surf
50 They are characterized by scattered pebbles and sharp- The angular fragments and chips of flj
edged chips of flint weathered from parent rock.
Hamadas: Hamadas are extensive, flat to undulating surfaces of This oh I . d P
51 bedrock or bedrock covered by a thin veneer of pebbles h“ P efnome;:o: 11 C asdse . afsla; U]
or rock fragments. The surface of the hamada is {lat to g
Stabilized or partly stabilized areas
Blowouts: Blowouts are saucer-, cup-, or trough-shaped
7] hollows formed by wind erosion on preexisting 6, 7 Lacking €
dune or other sand deposits, |
4, 5, 6, 7 Lacking @
m. MISCELLANEOUS
INTRUSIVE
Dikes: Wall-like intrusions of igneous rock which cut across the 4L
bedding or other layered structure of the country rock. ! !
53 On eroding they commonly form narrow, sharp-crested 4L, 5L, 6L Lz
rid'e' which run for miles across country, 41, SL, 6L, itz A
Knobs: Knobs are rounded isolated hills or mountains of plutonic
54 rocks which have cooled and consolidated at some depth 4,5, 6 LIS
and are now exposed by denudation.
4,5, 6 st i

*# Not applicable.

*# Circled numbers indicate the plan and profile are both gross and restricted for worldwide conditions but only gress for

t Raised numbers rafer to similarly numbered entries in the photographic bibliography at the end of volume 1 of this repo
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surface condition and mapped in terms of surface roughress or microrelief rather than geometry-factor ranges.
n veneer of closely fitted gravel or rock fragments on alluvial or residual surfaces. Slopes on the surfaces may
g. Constituent particles may exhibit maximum diameters of several inches.

|

surface condition and mapped in terms of surface roughness or microrelief rather than geometry-factor ranges.
of flint which cover these plains may have diameters ranging up to several inches.

surface condition and mapped in terms of surface roughness or microrelief rather than geometry-factor ranges.
t to gently undulating and may be covered with a veneer of pebbles ranging up to several inches in diameter.
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Reference 18 Kerarence T8
To 30 45, Rugged crystalline hills rising above 46, Unconsolidated hills near Yuina,
o 3000 a desert plain Arizona
NO
PHOTOGRAPH !
AVAILABLE
7 A
1. Giltuly, USGS™*
49. A smooth surface of desert pavement. 50. Flint strewn plain
The tire tracks have penetrated the under-
lying silt
ol b
o
i
G

1 € Russelt, tscs™
53. View along a ridge cut by dikes

P. 8. King. Uscs™*

54. A granite knob rising abruptly
above a desert plain

\
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PHOTOGRAPH
AVAILABLE
Reference 18
Yuma, 47, Scarp 48. Steep wadi banks

Robert P'mlz Reference 18

51. The rocky surface of a hamada 52. Aerial view of a blowout in a vegetated
sand area. A light-colored, U-shaped dune
fringes the northern edge of the blowout

ANALOGS OF YUMA TERRAIN
IN THE

NORTHWEST AFRICAN DESERT

LANDFORMS - SURFACE CONDITIONS
DESCRIPTIONS AND PHOTOGRAPHS

P. 8. Kiag, USCS®*

I+ PLATE 198
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Photo
No.

CLASSIFICATION AND DESCRIPTION
@ Range at

IIl. MISCELLANEOUS (CONT.) Plan- Profile T >
METEORIC Drits Number
1
Meteorite craters: Steep-walled, saucer-shaped depressions
55 produced by the impact and accompanying explosion of NA* NA
an object of extraterrestrial origin.
NA NA
RESIDUAL
Exfoliated boulders: A term applied to boulders whos. surfaces This phenomenon is classed ag a surf
56 have broken or peeled off as scales, lamellae, or con- The boulders may be angular or rount
centric sheets. inches to a few feet.
Grus: The accumulation of countless discrete particles on the !
57 surface of granite sometimes extending to depths This phenomennn is classed as a sur{
greater than 10 feet, which have formed from weathe ring Grus consists of angular fragments of
of the various minerals forming the rock.

This phenomen is classed as a surfac
58 Heat cracks: Irregular cracks which form in clayey soil by These cracks may be from a fraction

desiccation. They enclose pologonal areas several
above the central portion.

TECTONIC

Basin ranges: Ranges of hills or mountains formed by faulted

59 and tilted blocks of strata (separated by basins). 4 4L,

5L, 5L/, 6L, 6L/ " [ ==

Domal warps: Domal warps are roughly circular upwarps with
beds dipping away from a central point. The surface ex-

6 pression is often that of centrally facing, concentric 4, 4L
series of srosional scarps.
4, 4L
6i Elangate damaa: Elongate domss are elliptical upfolds, the beds 4 4L
dipping away from centrally located axes. ’
%, 4L
62 Fault valleya: Fault valisys are reletively depressed fault blocks IL, 7
lying between faults with roughly psrallel strikes.
1, 1L, 7
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| LANDFORMS —SURFACE CONDITIONS: DES

Range at Yuma

72Z3 Range in Northwest African Desert

Worldwide Range

Slope Occurrence Units

Slope Units

Relief Units

3

}~Relief Type I . Rel

Y 2
t

2 | 3 | 4 [ 5 T ¢ %[ha] w | 2 | 3)4]5]6t 4 5 | 6
Number of Slopes Greater than 50% per 10 miles Degrees Feet
5 20 100 200 1 2 4 8 16 32 64]] 10 50 00 400

Y/ 4

pia

i

s 2 surface condition and mapped in terms of surface ro

pr rounded fragments of igneous, sedimentary, or metamorphi

may

ughness or microrelief rather than geometry-facto
c rock. The boulders

r ranges.
range in diameter from

3

ments of weathared granjte which may exhibit maximum

I

s a surface condition and mapped in terms of surface roughness orm
diame

icrorelief rath
ter of several feet.

er than geometry-factor ranges.

i

p surface condition and mapped in terms of surface roughnésl or microrelief rather than geometry-factor ranges.
fraction of an inch to several inches wide at the top and from a fraction of an inch to as much as 10 feet deep.
several inches to several feet across. The edges of the pologon warp upwards from ! or 2 inches to several feet

LY Yy LSS LIS S L

AN

///////////

3 SRR (i

LY AL s

b UHGHE R

G ITLLS SISO Ao T/1S s 211 11

i

[

e To 5

-1 T  J J 0 B O ) O S S




ts
f Type 1 . Relief Type II

{6 17%

400 1000

[ SAREN

Jack Ammann Photogrammetric Engineers

221

55. The famous Arizona meteor crater

Reference 12

59. Basin ranges in the center and
background of the photograph sepa-

rated by alluvial aprons

C. R. Longuett'$
56. A close-up of an exfoliated boulder
showing the typical spalling action

60. An eroded domal warp forming a
topographic basin

U. S. Amy Nep Sorvice,

»




H. 5. Turner, USGSN La Belle Image »

57. Grus deposits resulting {rom 58, Hceat cracke
weathering of igneous rock

U. 5. Amy Nep Serviee laxtitus Crographigue Aatianal, Fraacel?

Ds. Joda $. Sholia’®

forming a . 61. A vertical photograph of a breached 62. Areal view of Death Valley —
elongate dome with inward dendritic a fault valley
drainage
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Elongate domes: Elongate domes are elliptical upfolds, the beds
61 i 4, 4L
dipping away from centrally located axes.
4, 4L
L
62 Fault valleys: Fault valleys are relatively depressed fault blocks L, ‘7
lying between faults with roughly parallel strikes. '
1, 1L, 7
Intramontane valleys: Intramontane valleys are narrow valleys
63 or troughs with exterior drainage lying between 1
mountains.
i, 1L
64 Scarps: (For deacription see EROSIONAL, SURFACE WATER) NA NA
NA NA
VOLCANIC
65 Broken lava flows: Flat to undulating lava areas characterized This phenomenon is classed as a surf
by sharp-edged rocks and boulders. The surface of the flow is composed
Cinder cones: Cinder cones ave conical hills formed by the ac-
66 cumulation of volcanic ash or clinkerlike material 4, @ i
around a vent.
4,® A
Cinder fields: Cinder fields are flat tn undulating areas, often This phenomenon is classed as a surf]
67 miles in extent, composed of volcanic ejecta that has Cinder fields have slopes which are df
mantled the preexisting landscape. uncemented and have diameters rangi
Lava flows: Lava flows are solidified stationary masses of This phenomenon is classed as a surf
68 igneous rock which issued from a volcanic cone or The slope of the surface of these flo
fissure, surface may vary from several inche
Necks and plugs: Necks and plugs are lava-f{illed conduits of an |
69 extinct volcano exposed by erosion. : 4, 4// m—
4, 4// ittt R

* Not applicable.
¢¢ Circled numbers indicate the plan and profils are both gross and restricted for worldwide conditions but only gross for

t Raised numbers refer to similarly numtered entries in thc photographic bibliography at the end of volume I of this repo
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b a surface condition and mapped in terms of surface roughness or microrelief rather than geometry-factor ranges
posed of large, angular blocks of lava having diameters ranging up to several feet.

LAy P11 7
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s a surface condition and mapped in terms of surface roughness or microrelief rather than geometry-factor range

h are determined to some extent by the underlying, preexisting landscape. The ci.’ers themselves are angular and
s ranging between 4 and 32 mm.

L L] 1]
111 | | LI

b a surface condiiion and mapped in terms of surface roughness or microrelief rather than geometry-factor ranges.

se flows varies from flat to gently undulating. Surface irregularities such as fragments of lava and fissures in the
]| inches to 10 feet.
¥
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To 2000
To 3000

W. Cross, uscs®*

63. An intramontane valley

67. Cinder field at the northern
Death Valley, California

R. O. Stone

edge of

Dr. John 8. Shelson!®

64. Aerial view of Black Mountain fault scarp
furrowed by gorges south of
Mormon, California

J. R. Baisey, USGs?*

68. l.ava flow with cinder cones in the
lower left of the photograph
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Ds. fohn 8. Shelmnlﬁ

bin fault scarp
of

J. R. Balsey, USGS?4

R. A Bugnott

65. A broken lava flow partially buried 66. Cinder cone
by windblown sand ’

Photograph by 0.F.A.L.A.C., observations P. Bordet
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rounes in the 69. PFlugs towering over a volcanic
bgraph region
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Errata Sheet

ANALOGS OF YUMA TERRAIN

IN THE

NORTHWEST AFRICAN DESERT

Technical Report 3-630, Report 6
Volume II
June 1965

1. Plates 15, 15A, 19, 19A, 19B, 19C:

Footnote on these plates reading

"Raised numbers refer to similarly numbered emtries in the photo-
graphic bibliography at the end of volume I of this report."

should be changed to read

"Raised numbers refer to entrles in the Literature Cited following
the main text of volume I of this report. Because of the addition
of five entries at the beginning of the list of Literature Cited,
each raised number in the credit lines under the photographs should
be increased by 5, 1.e. reference 19 should be reference 24, etc.”

2. Plate 19C: The credizlline under fig. 64 should be changed to read
"Dr. John H. Maxson=-"




