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ABSTRACT
N The evaluation of dust potential in hot deserts is based on the association of well de- p

fined dust bearing soils and surficial deposits with specific landforms. These landforms are
readily identified on airphotos (and in many cases on topographic maps and space im-
agery). The user may follow a sequence of operations, from the selection of a target area
through the indetification of relevant landforms and associated soils/surficial deposits, to
the evaluatlon of the content, composition and distribution of dust in these media. The

accompanying report is essential for the proper use of this procedure. A e Le0! cils.;
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OBJECTIVES

The maln objective of the present procedure is to present & method of characterization of
dast at the surface, considering:

{a) Amounts in different types of terrains.
{b) Vertical and lateral distribution.
{c) Particle size and mineralogical composition.

A secondary objective is to evaluate the general nature of ground cover and its possible
effectiveness as a protective crust against the entrainment of dust.

1. INTRODUCTION

Dust is here defined as material composed of particles smaller than 0.063 mm in diameter.
Dust in deserts {(in both surficial deposits and the atmosphere) is usually composed of silt
(0.063 — 0.002 mm) with minor amounts of clay (<0.002 mm) and fine sand (0.125 - 0.083 mm).

Dust in deserts is derived mainly from the following sources: (a) Products of in-situ
rock weathering; (b) Alluvial and colluvial deposits; (c) Soils; (d) Eolian sediments — loess and
sand; (e) Other deposits such as playa and lacustrine sediments. Dust is a "recycled” material;
it is eroded or deflated from a site only to be deposited in another area where it may be trapped
for any period of time.

The emission of dust is dependent on its availability at or near the surface, the type and
effectiveness of the ground cover, cohesion of the potential dust layer, and the power of the
driving agent (e.g. wind, man, machinery, explosives).

2. GENERAL PRINCIPLES

Since dust in most sites is an Introduced material, its amounts, composition, and distribu-
tion should be related to the nature of the receptive surface, with respect to its texture, rough-
ness, porosity, gradient, aspect, and vegetative cover. A s0il emerges from a pre-existing parent
material, its weathering products and the Introduced dust. Well defined soll and surficlal depo-
sits are thus closely related to discrete landforms.

The following, then, are several related princlples and generalisations:
(a) Each type of soil or surficlal deposit is associated with a narrow range of landforms.

(b) The nature of landforms and soils (or deposists) Is determIned or highly affected by
climate,

(¢) Certaln landforms and solls are assoclated with well defined types of bedrock or
psrent materlal.

(d) Landforms and solls change with time In a predictable manner. For example, more
dust and or salts are added to the soll profile with time and thelr distributlon Is time-
dependent.
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{(e) Certain typers of ground cover are associated with given soil types. Such covers vary
i with parent material and climate, and they change with time in a predictabie manner.

(f) One can subdivide desert soils and deposits into two general groups according to the
' parent materiai: (1) Graveily soils and deposits. (2) Non-graveily soils and deposits. The form-
er contsin a high proportion of gravel with variabie amounts of dust and sand whereas the

latter consists mainiy of dust and/or sand.

(g) On certain landforms there is an orderiy arrangement - sonation - of the soiis and/or
deposits, according to their association with landform components, iocation, gradient and as- :
pect.

i 3. THE STRUCTURE OF THE PROCEDURE

The present procedure is based on two concepts:

(a) The characteristics of soiis and deposits are closely associated with the landforms
they are overlying or are derived from (see Appendix 4). ;

(b) Most landforms can be easily identified, using readily available airphotos.

Figure 1 provides a stepwise strategy for the evaluation of dust availability in deserts. The !
procedure consists of four general stages: l

A. Generai Considerations: Definition and selection of target areas, assessment of ‘
their overall physiography and at the same time evaluation of dust tolerance for the intended
operations in the selected target sites. These considerations and assessments are outside the
‘ scope of the present procedure and the accompanying report.

B. Selection/Identification of Relevant Landforms in the Target Areas. The use l
of airphotos of 1:10,000 - 1:30,000 is most desirable for identification/selection of the preferred
fandforms. Definite identification of iandforms is essential for the assessment of the types of
soils and deposits associated with them. Geologic, climatic and s0il maps and data should be l
compiied whiie stage A (above) is carried out. The identification of the types of soils/deposits
should be performed with extreme care; a thorough use of table 1, Appendix 1 (Piates) and
Appendix 3 (Glossary) should be made.

C. Evaluation of Dust Availabiiity, Distribution and Characterisation in the

Various Types of Soils and Deposits. This is based on the data in tabie 2. Four topics are
considered:

(1) Ground cover .

(2) Dust — amounts, sise distribution, composition, vertical distribution and variability.
(3) Saits — amounts, composition, distribution and variability.
(4) Gravel — amounts and vertical distribution.

Special attention should be given to the high variability in the data presented in table 2.
The large range of the data is explained in Appendix 8.
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D. Suitability of Target Areas. A comparison of tolerance for dust (A, above) with
dust availability and characteristics (C, above) may determine the suitability of a site for
specific types of operation, or the utilisation of particular areas by certain instruments or
vehicles. Suitability of a site for an operation may involve the ground cover, i.e., the number of
runs that a vehicle or an aircraft may perform over a stretch of ground until its protective cover

is destroyed.

4. DESERT LANDFORMS AND ASSOCIATES SOILS AND DEPOSITS
4.1 The Association Between Landforms, Solls and Deposits.

A subdivision of desert landscapes into landforms which are identifiable on areal photo-

graphs and large scale maps is the basis of table 1. The widespread terrain types in deserts are
represented.

Twelve types of major landforms are presented in table 1. Further subdivision leads to a
total of twenty landform types identifiable on airphotos. For the recognition and definition of
the various types of landforms the reader is referred to Plates no. 1 — 9 in Appendix 1 and the
Glossary in Appendix 3.

The last column of table 1 indicates the types of soils and depostis which are associated
with the various landforms. The soils/deposits are described below, in section 4.2.

4.2 Evaluation of Dust Availabllity in Desert Solls and Surficlal Deposits.

Table 2 summarises in quantitative terms the characteristics of the dust and the dust-
related properties in desert soils and deposits. The data base for this summary is derived from

the soils and deposits of the Negev, Sinai, Judean Desert and the Jordan Valley (see Appendix
G.3 in the accompanying report).

Notes on Table t Physiographic Units, Landforms and Associlated Soils/Surficial Deposits.

The table reiates soll types and surficlal deposits to the various landscape features (physiografic
units or landforms) that are widespread in deserts. Table 1is followed by table 2 which characterizes
solls by their dust attributes and some other proporties, such as gravel and salt content.

The subdivision of landscape selected here snables the use: to separate landscape features ac-
cording to two categories:

1 Landforms that have a clear signature on regularty used visual aids.

2. Landforms that carry solls that may be easily identified and are different from each other.

All of the widespread desert landforms are included The general order of the landforms in the
table reflects the abundance of dust in the soil and to a certain degree takes into account the frequen-
¢y of occurrence of the landforms in desert terrains. Since we coukd closely examine Mid-Eastern soll
only in the Negev and the Sinal, the data reflect desert terrains In these regions; they are, however, very
similar to other desert terrains in the Middle East.

Many technical terms are used in table 1 Their meaning is presented in the Qlossary (Appendix 3).
Relief types are subdivided into three groups:
1 Mountains: relief > 200y, gradients > 20°.

2 Hilis: relief of 20-200r, gradients > 15°,
3. Plains: refief < 20m; gradients usually < 10°.




Source and parent materials of different hardness, weatherability and erodibility may determine
soil nature. Hard, durable rocks, such as dolomite, flint, syenits and diorite, usualty weather into gravel,
which harbours dust and salts from external sources (windbomne and washed-in by water). Soft, friable
rocks such as shales, chalks sandstones and mudstones weather down to sand and finer fractions,
mixed with external dust and salts.

The climate in hot arid environments is here subdivided into four regimes, according to mean annual
precipitation:

1 Semi-arid - 250-400 mm/year;

2. Moderately arid — 150-250 mm/year;

3. Arid -~ 80-150 mm/year;

4. Extremely arid - < 80 mm/year.

The types of soiis and surficial deposits on a given landform are listed In decreasing order of
frequency on the particular landform.

Notes on Table 2 Soils Type and Surficial Deposits in Deserts
(note numbers are marked at the head of the appropriate columns)

(1) There is no singie principle which can guide an objective grading of desert soils according to
thelr dust content, composition and distribution. Therefore, the types of soils and surficial deposits are
organized according to the following guidelines:

(a) The abundance of dust in the soil profile, maximal in loessial and Takyr solls, and minimal
In active sand dunes and coarse gravelly alluvium.

(b) The association of the soll (or deposit) with a particuiar type of landform.

(c) The age of the soil, within a given soil type. In most soils there is an increase of fine
fractions (including precipitated salts) with time.

A detalled description of the main soil types is presented in Appendix 4.

(2) Most solls in deserts deveiop a surficial layer or crust rather rapidly. Such a cover is different in
composition and structure from the undertying layers or horizons; often the surficial layer Is more
cohesive and may determine the degree of potential of dust emission. Different ground covers are
presented in table 2, according to their texture, composition and the percentage of areal coverage.
The types of cover are (see details in Appendix 6):

(a) Loess crust (dense and thin — 1-3 mm thick) on loessial soils, Takyr soils and between
large particles in gravelly solis.

{b) Sait and gypsum crusts on Solonchak soils in playas and sabkhas.

(c) Desert pavement, usually composed of fiat lying gravel developed on old gravelly depo-
sits, with >40% grave! cover and an interstitial loess crust. See Appendix 3 for elaboration.

(3) The thickness of the 8oil profiles and horizons is most variable for many soiis. The range and
average is not always based on a large number of observations or measurements. The data include

soils of different ages, degrees of development, and aspects. Hence the range of data should be
considered as well as the averages (see Appendix 5).

(4) The designation of soll horizons Is generalized with A, B, and C without further subdivigion.
This is so for the comparison of the general characteristics of the horizons and incorporation of data
from sources additional to those collected in the presert study. For a detailed description and desig-
nation of sub-horizons 868 Appendix G.2 in the accomparnying report.

(5) The wextural subdivision employed here is as follows: (a) Sand - 2.0-0.063 mm. (b) Siit -
0.063-0.002 mm. (c) Clay - <0.002mm. Dust is defined as silt and clay - <0.063 mm.

(6) The data represent setimates In the fiskd <2 mm includes fine earth, Le. sand, silt and clay. The
remainder is undifferentiated gravel,
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Table 1. Physlographic Units, Landforms and Associated Soils/Surficial Deposits.
Landform Landform Rellet Souvrce/Parent Material Climate Soil Type: Type of Surficial Deposit
? Componemt  Tyoe
Loess Plain Plain Loess Semi-arid to Loess, Loessial Soil
Moderately Arid
Plays, Sabkha Plain Arid to Extremely
- Arid
g Ceonter Fine Alluvium Takyr Soil, Solonchak Soil
o Transition
EE Zone Scndy to Fine Alluvium Solonchak SoilTakyr Soil
& Margin Gravelly to Sandy Rag Soil, Solonchak Soil
£ Alluvium
)
= Sand Dune Hi, Sand
Plain
a. Stabilized Dune Semi Arid to Arid Sandy Regosol
b, Active Dune Arid to Extremely Eolian Sand
Arid
Terrace
a, Aliwial Terrace Terrace Plain Coarse Allvium Arid to Extremely Reg Soll
Tread Ard
Loess Semi-arid to Loess, Loessial Soll
Moderately Arid
Sand Semi-arid to Aliuvlal Sand, Sandy Regosol
& Extomely Arid
b. Alwvial Fan Terrace Plain Coarse Alvium Arid to Extremely Reg Soil, Gravelly Regosol
Terrace Tread Arid (on sieve deposits)
c. Transition: Hift, Coarse Colluvium/ Arid t0 Extremely Reg Soil, Gravelly Regosol
o Talus-Aliyvial Plain Alluvium Arid
3 Yerrace
] d. Ballena Hitl, Coarse Alluvium Arid to Extremely Coarse Desert Alwviom, Incipient
. Plain Arid Reg Soil
- e. Rockewt Terrace  Terrace Plain Hard/Soft Bedrock Arid to Extremely Hammada, Lithosol
g Tread Arid
* Fa
R n
= a Alwial Fan Plain Coarse Allwium Arid 10 Extremely  Coarse Desert Alkwium, Incipient
& Arid Reg Soil
e Coarse and/or Fine Arid 10 Extremely e.g. Brown Alvial Soil
E Allvium Arid Alkvial Gley
b. Debris Flow Fan Plain Debris Fiow Deposits Moderatety Arid to Debris Flow Deposit, Sieve Deposit,
Extremely Arid Gravelly Regosol
;ctive Channel Plain Coarse andfor Fine Semi-arid to Gravel, Sand, Sitt, Clay, in varying
and/or Floodplain Allyvium Extremely Arid Proportions: Coarse Desert Alluvium,
i Aliwvial Sand, Loess, Incipient
Reg Soil
L1
Plateau Crest Plain, Hard, Brittle Bedrock Semv-arid to Hammada Soll, Lithosol
Hill Extremely Arid
Flat Plain Mard, Britte Bedrock Semi-arid to Hammada Sol, Lithosol
Divide Extremely Arid
Sadadie Hilt Hard Brittle or Soft, Sem-arid 0 Lithosol, Loessial Serozem,
Erodible Rocks Extremely Arid Serozem, Hammada Soil
Undulating Hills Hill Soft, Erodibie Rocks, Semi-arid 0 Loessial Soil, Dune Sand, Alwvial
Loess, Sand Extremely Arid Sand, Sandy Regosol Lithosol
Serozem Soil
- Badlands Hil Soft Erodibie Bedrock, Semi-arid 0 Uithosol, Regosol Loess
' S (loess, shale, mari, Extromely Arid
g chatk)
&
" =
X ] % Rocky Hills Mountain, Hard, Brittle Bedrock Semi-arid Lithosol (not cortiuous, often in
. P& P PR Hil Extremely Arid patches)
b i Soft, Erodible, Friable Semi-arid 0 Lithosol, Regosol, (often in
S Hill Bedrock Extremely Arid patches)
2]
= ; sial Serozem, Lithosot
oo} Colluvial Hillslope Footsiope Mountain, Hard, Brittie and/or Semi-arid 0 Loes:
Hit Soft Erodible Rocks Extremely Arid
Talus Hilisiope mmm WE. m""yv :: ©
a. Debris Flow Debris Flow Deposits QGravelly Regosol Reg Soll
Tals
b. Sieve Deposit Sieve Deposits Gravelly Regosol Reg Sof
Taws
c. Rockiall Tals Rockfall Deposits Gravelly Regosol, Reg Sof

o

i

=

-
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TABLE 2 SOIL TYPES AND SURFICIAL DEPOSITS IN DESERTS: GROUND COVER,
PROFILE CHARACTERISTICS, DUST AND SALTS

2 5
| Soil Type;Type ot 1 Ground Cover - Thickness of 5 Horizon? Thickness of silt + Clay, 3 Average § So1l
Surficial Deposit Soil / Deposit Horison of the < 2mm Eetimated (aver
d Fraction(average) < 2mm, % Clay
{ % 1
Type of Average Trange average Tange average
| 5 Covar Cover,% cm cm ca cm min  max ave
Loess loess crust 100 43-200 131 A 5-36 20 18 19 61 100 37.2
B 96-132 114 as 02 66 100 44.1
[ ©6-120 108 17 - 79 62 100 o
Brown Loessial 100
Sull sandy loam - A 7-41 24 64 70 84 100 <
1 B 73-104 88 81 72 68 100 -
c 103-136 119 6¢ 84 81 100 . =
- S N B s e et S ST I ol B L [ ot | T i . —|
Light Brown silty clay 166-210 157 A 0-28 14 30 80 48 100 S
Loessial Soil loar crust 100
B 54-80 87 20 87 51 100 i
; ' Cc 116-167 138 4 02 38 100 -
£ ememaaa- R A o O O OO OOt o L T e - TS e e L e eSS T e e e 4
1.
t Loeesial Serozems 1loess with
1 some rock 82-191 87 A 1-17 ¢ 3¢ 81 (13 - -
fragments
& B 81-87 74 60 01 78 - -
]
] c 02-118 104 74 81 77 - -
L]
Bb 121-16868 143 71 78 756 - -
Takyr Soil loess crust 100 40-180 8¢ A 1-14 7 56 100 82 95-100 41.2
B 18-22 18 84 100 7% 96-100 58.2
[+ 37 86 60 84 100 84 9 6-100 33.6
Solonchack Soil salt crust or
£ saline loessial 30-140 102 A 3-12 8 21 -1] 81 90-100 3.8
/eandy crust 100
B 69-102 8¢ 89 91 0 60~-100 -
1
c 16-48 30 16 38 28 60-100 3.4




5
of Silt + Clay, .K Average ¢
of the < 2mm Estimated

___________________________________________________ OO0 OO0 crust.

Fraction{average) < 2ma, %
‘age

nin max ave
b 16t e | laga iSO
] 38 92 66 100
3 17 79 62 100
t 64 70 84 100
] 81 72 88 100
9 69 84 81 100 ]
4 30 80 48 100
7 20 87 61 100
8 4 92 38 100
9 39 81 86 -
4 60 91 78 -
4 74 81 77 =

»

3 71 78 76 .
7 66 100 82 96-100
8 84 100 79 96-100
0 84 100 84 96-100
8 21 89 81 90-100
[} 89 91 90 60-100
[} 16 1] 28 50-100
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Soil Rinding Components Comments
(average 1n the ¢ 2am fraction)
Clay Salts Gypsum
% Electrical Approx~ %
conductiv- inate
ity mmho/cm %
37.2 0.6 0.03 = Parent material - loess.
44.1 1.4 0.09 = Land is usually cultivated.
© 4.2 0.28 = . Variable friability of surlficial
T 0.9 0.08 = The natural vegetation is of
grass steppe type.
= 0.7 0.04 H
The s0il contains pedogenetic
= 0.2 0.01 © CaCO3
© 0.8 0.04 =
= 0.5 0.03 »
= 0.8 0.06 =
= 2.8 0.18 0.5
b 16.8 0.98 2.9
= 28.0 1.76 8.8
= 21.8 1.36 8.2
41.2 9.6 0.8 0.6 High soll molsture during at least
part of the year.
68.2 34.4 2.16 3.2
Note zonation according to particle
33.6 31.7 1.98 4.0 size, salinity and vegetation.
A relatively high sand contents in
3.8 24.8 1.66 4.5 coastal belts and in terrains adjacent
to sandstone exposures
< 4.1 0.28 E
3.4 80.4 3.78 8.0

-




TABLE 2 (cont.)

Soill Type:Type of
Surficlal Deposit

Type ot Average range average range average
Cover Cover,% ca cR ca ca aln BAX ave
Surficlal Sediment
Coarse Alluvium Coarse gravel 100 10-100 67 A = - - 12 = tr
(+ - 4 9 8 = tr
Reg Soll,Holocene desert pavement 48 36-60 40 A 2-6 3.6 16 88 80 20 1
(130%)
fluvial gravel 42 B 3-9 6.6 14 1] 80 26 1
loess crust 10 C 14-40 27.1 1 76 33 20
Reg So11l, desert pavement 84 80-1356 63 A 1-¢ 4 14 84 49 40
Plelstocene
loess crust 18 B 10-22 18 12 (-1 48 40 1
(+ 30-63 42 3 84 33 40 1
Bb 20-34¢ 27 18 1] 66 - 1
Reg So1l, desert pavement 97 16C 160
Tertlary
loess crust 3 Bee 9-12 10 68 88 78 60 2
Bb 100 100
Gravely Regosol loose gravel - 98 30-150 b6& A 8-156 8 3 99 47 30 1
sand and loess 7 B 2-9 8 6 82 20 40
(+ 33-38 36 7 76 39 10
Sea= cecEemEseTen e P o o (O e oo T ——— 1 o e R R —— 4
=

Ground Cover

Thickness of

Soill / Deposit

Horlzon

Thickness ot

Horison

s1)t + Clay, %

of the < 2amm
Fraction(average) < 2zm, %

Average
Estimated

Cl




,/ =
L}
t  silt + Clay, % Average So1l Binding Components Comments
of the < 2mm Estimated (average in the < 2amm fraction)
Fraction(average) < 2amm, % Clay Salts Gypsum
% Electrical Approx- %
o conductiv- imate
nin  max ave ity maho/cm %
- - 12 = tr. 10.9 0.68 0 Poor cohesion. Low clay content.
' Good water penetration.
4 9 ] o tr. 21.8 1.35 0.1 Scattered bushes and trees.
16 88 60 20 11.2 8.0 0.5 0.8 Notes on Reg Soills:
Highly gravelly soils.
14 88 80 28 14.2 14.2 0.8¢9 2.8
Mostly devoid of vegstation.
1 75 33 20 4.8 12.0 0.78 2.1
--------------------------------------------------- --=c===-==-=---=--=-- A horizon 1s here defined as the
14 84 49 40 9.8 10.3 0.64 0.9 fine top soll underneath and between
surficial cover.
12 -1 48 40 12.7 22.7 1.42 3.5
The s0il 1s moist only during
3 84 33 40 10.4 20.7 1.29 6.8 and after infrequent rainfall
events, usually to depth < 20 cam.
& i8 1] 56 = 15.8 16.3 1.02 8¢.0
----------------------------------------------------- ~--=c-=-e----~-----  sHolocene Reg solls 50-130 cm thick
are rather rare. '
58 88 78 80 22.9 17.8 1.11 10.¢ #+A single profile; only B horizons
were sampled.
S USSR S TN "= S RIS S —— - RN (S N —— =
3 00 47 30 11.1 30.7 1.92 5.8 The gravelly Regosols presented
here are developed on sieve
6 62 20 40 3.5 8.9 0.56 1.2 deposits, on talus slopes.
7 78 ae 10 5.4 10.2 0.64 a.s
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TABLE 2 (cont.) .
Soll Type;Type of Ground Cover Thicknese of Horizon Thickness of S1lt + Clay, % Average
Surficlal Depoelt Soll / Deposit Horison of the ¢ 2ma Estimated

Fraction(average) ¢ 2am, %
Type of Average range average range average
Cover Cover,% cm ca cm ca ain max ave
Hammada Soll coarse angular
* gravael as 30-100 50 A 1-8 4 81 92 70 356
loess crust 14 B 8-21 16 29 a3 84 66
C 32-50 41 18 84 40 356
Lithosol rock fragments 50 B5-100 40 A 0-14 7 a7 79 81 =
Serozenm
loess & fine 50 B 18-39 27 58 84 71 =
sand
c 24-40 32 80 82 71 =
Stony Alluvial rock fragments 80 40-240 142 A 2-18 10 39 85 84 <
Serozea
loess & fine 40 B 52-78 85 27 63 78 =
sand
c 116-142 129 51 95 70 =
BY 118-1565 138 76 89 a3 T
Alluvial Sand fine sand 100 106-300 188 A 0-356 17 18 29 22 100
B 44-90 87 8 29 18 100
C 142-188 185 2 11 5 100
Sandy Regosol fine sand 100 40-250 193 A 0-49 20 = = 12 100
c 142-188 185 9 18 13 100
Brown Alluvial silty clay
Soll loar Crust 100 200-250 121 A 2-8 10 29 71 48 =
B 85-120 102 86 82 74 =
c 87-121 104 10 as 42 -
Bb 113~150 131 = = = =




ka0 - ’
- —
) S L ‘
S11t + Clay, % Average Soil Binding Components Coaments
of the ¢ 2mm Estimated (average in the < 2mm fractlon)
Fractlon(average) < 2sa, % Clay Salts Gypsua
% Electrical Approx- %
conductiv- imate
min  max ave ity mabho/cm %
81 92 70 35 12.7 4.1 0.28 0.1 Highly gravelly eolls.
29 83 84 66 18.56 22.2 1.39 13.1 Sparse vegetation, grass, bushes.
18 84 40 35 18.5 7.0 0.44 4.8
----------------------------------------- e e e e I S e T e frequently appear in patches, pockets.
a7 70 81 1 o 4.4 0.28 -
- 8.0 0.38 0.8
68 84 71 =
- 4.8 0.29 6.4
80 82 71 5
39 85 84 e o 18.5 1.03 0.1
27 83 78 [ = 10.8 0.68 12.1
51 96 70 = 4 265.4 1.69 7.2
78 89 83 - - 5.9 0.37 - i
18 29 22 100 - 0.4 0.03 0 Poor cohesion of the eoil and
the soil crust.
8 29 i8 100 L 0.3 0.02 0
Good water percolation.
2 11 6 100 - 0.3 0.02 0
- = 12 100 = 0.3 0.02 0 Higher content of finee and better
coheeion where vegetated (bushes).
9 18 13 100 - 0.2 0.01 0
29 71 48 2 = 13.9 0.87 0.2 The soil ie highly variadble in :
gravel content, ealinity and vegetation
86 82 74 < - 28,0 1.78 0.1 (graes, bushes).
10 88 42 - = 11,2 0.70 - The soll may contain pedogenetic CaClj
= s = - - - = = One case of Bb. -




So1ll Type;Type of Ground Cover

Surficial Deposit

TABLE 3 Soil Types and Surficial Deposits -- a Summary

Thickness of Horizon

Soil / Deposit

Thickness of
Horison

————

gl T
F O T Al f
S11t + Clay, % Average
of the < 2am Estimated

Fraction(average) ¢ 2ma, %

- - - . - - - -

{ Type of Average range average range average
. Cover Cover,% ca cn ca ca ain ®max ave
¢ m E LS e o T e N L S — .
Loessial Soil loess crust 100 43-210 120 A 3-29 168 18 91 67 -
i B 84-95 79 20 92 88 v
[+ 102-133 118 4 92 63 -
4 ;:;;;-;-;;;;;chak loess 2 salt o - l
Solls crust 100 30-180 o6 A = 21 100 70 96-100
B = 8¢ 100 86 965-100
.1 g c = 18 100 74 96-100
‘ ! ;;;;iclal Variabdle = 10-240 -;;--- A 3-14 8 3 98 46 30 -
; Sediments
{ ] B 3-13 8 1 82 20 30
£ c 32-67 44 4 76 a3 10
B N Gravelly Soils sy pavc;:;t. W SRR R T A e R R e, |
“ ? Reg So1ls,80ils,Lithosols gravel 26 8 10-21 16 2 88 63 40
loess crust 10 [+ 27-62 39 1 84 s 36
Bd 83-103 93 - - - =
Sandy 8011: !1;: sand 100 40-;;;--;;;------;-- ;:;; 18 12 2!-- 19 --;;;-----
.;1 B 46-91 &8 (] 29 18 100
(4 143-100 188 2 18 7 100

P Y L T L P L T R T
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) 5
{ 811t + Clay, % Average Soll Binding Components Comments
| of the < 2mm Estimated (average in the < 2mm fraction)
| Fraction(average) < 2am, % Clay Salts Gypsua
% Electrical Approx- %
conductiv- imate

ain max ave ity amho/ca %

18 o1 87 ' 37.2 1.2 0.08 0.5

20 92 .1} © 44.1 8.2 0.61 2.9 .

4 92 563 - - 6.7 0.38 8.8

21 100 70 95-100 22.4 18.4 1.16 2.2

84 100 -1 956-100 58.2 190.3 1.21 3.1

18 100 74 96-100 23.4 39.7 2.48 6.1
3 3 08 45 30 11.1 29.7 1.88 5.4

] 82 20 30 3.5 8.9 0.68 1.2

4 78 33 10 5.4 12.2 0.78 2.8
s — Y P L e oo -- o e a0 e s om0 Y ) o NI o oI - —-- - -

7 92 66 a6 10.6 0.1 0.57 0.7

2 1] 63 40 13.8 21.7 1.38 4.0

1 84 a3 36 7.4 17.4 1.09 6.3
T T PR S m--------- T L T T T T EL UL LR L T P R R T Py - S P P D D R B e D R D D D S D D . - - - .- -

12 29 19 100 tr. 0.4 0.03 -

8 29 18 100 tr. 0.3 0.02 -

2 18 7 100 tr. 0.3 0.02 - l

oy




(7) Several s0il components affect soit consistancy. Clay and salts (chiorides, gypsum, carbonate)
are prominent among these. Chiorides and gypsum are the characteristic precipitates in the soils here
considered. In some other deserts, such as the Mojave, carbonate predominates. Electrical conductivi-
ty represents the content of soluble salts, mostly NaCt, 16 mmho/cm equals approximately 1% of soi-
bie salts. The data presented here are in percerts of the fine earth fractions of the soll or deposit. The

quanrtitative effects of earth of the three components on their observed combinations are not yet esta-
blished.

4.3 Some Practical Conslderations.

(a) Particulate materials in soils and other deposits are universally subdivided into three
sise groups: (1) Dust (or fines), i.e. silt and clay; (2) Sand; (3) Gravel. Fine earth is treated here
extensively since it is composed of dust and sand, the finer fractions of which may be raised as
airborne dust for short periods and distances. Gravel is used only as a very general term. The
reader is referred to part D in the accompanying report for background and possible implica-
tions of gravelly /non-gravelly materials in the soils and other deposits.

(b) Dust in soils and other deposits is composed of two mair. groups of particles: (1) Sili-
cate and carbonate mineral particles which were incorporated in the soil in their original solid
state; (2) materials that were incorporated in the soil or deposit by precipitation from intro-
duced water — rain and groundwater. Such materials appear as dust particles (e.g., crystals
and aggregates) in early stages of soil development. They become denser and harder with time.
Their composition is mainly CaCO,, gypsum (CaSO,.2H,0) and chiorides (mainly NaCl).
CaCOy, is a major constituent of the original mineral particles in dust of many deserts, and
the separation of secondary carbonate is not practical. The seperation of gypsum and salts is
universally carried out by dissolution so that the quantitative concentration as various dust
fractions of recognised sise is not known.

(c) Dust sised particles in the soll and other deposits are composed of both discrete cry-
stalline particles and particulate aggregates. Aggregates are grown of primary particles
bound to form secondary units. Clay and saits are binding agents. The resuiting aggregates
may be of various sises and have different degrees of strength and coheslon upon release by dust
producing agents. At present, there Is no method which enables us to predict the sise, consisten-
¢y, and persistence of such aggregates In the dlfferent soils and under possible applied stress.
However, there are several components that may be evaluated, as they cause binding of discrete
particles. These Include clay, gypsum, carbonate and soluble saits. Whereas clays are not a
major component in many desert soils and deposits, various salts are found In significant quan-
tities. However, in crder to deliver an objective background for dust evaluation, the fine earth
materlals are dispersed Into thelr component fractlons In the laboratory, e.g. sand, slit, clay,
gypsum, chloride salts, etc.

{(d) All the soils, with the possible exception of the very recent ones, are polygenetic, hav-
ing developed under effectlve changes In climstlc regilmes. Thls implies changes In rainfall, ef-
fectlve infiltration, dust penetration, and precipltation of salts in varlous horlsons and to dif-
ferential depths. The climatlc progression during the Quaternary for most deserts Is not saS-
ciently known. Even for the late Quaternary, which is best understond, the effectivences of
climatlc changes and the identification of such fluctuation in solls may be oniy roughiy gea-
erailsed.




(¢) The age of most aridic soils is not known, and the age of others is only broadly es-
timated, with designations such as Holocene, late Pleistocene, Pleistocene and Tertiary. The
degree of soil development (marked especially by silt, clay and salt content and distribution) is
time dependent; it can be evaluated only in a very general way (see Appendix 5).

4.4 Summary of Some Polnts of Further Emphasls.

While using the present procedure one has to bear in mind several trends which assist in
evaluating the amounts, distribution and composition of dust in deserts:

(1) Old surfaces usually contain higher amounts of dust and salts than young ones in the
same area.

(2) Sorting of sediments downflow leads to fining of deposits both downstream and
downwind. Areas covered by fluvial deposits may contain large amounts of dust sised materials
if they are located far downstream from the sources of the detritus, i.e. the center of the playas.
Areas far away from sources of sand will contain large amounts of fine sised dust and almost
no sand (including fine sand).

(3) Areas which are located downwind from sources of dust may contain more dust in their
soil and deposit than in areas upstream or upwind.

(4) Dust is trapped in large quantities in areas where vegetation, especially grass, is dense.
Hence, the less arld terrains are more favourable to dust accretion and residence. This guide-
line applies also to hlllslopes which are exposed away from the sun, i.e. hillslopes having a
northern aspect in the northern hemisphere.

(5) In most Mid-Eastern aridic soils there is a transition from precipitated carbonate in
the semi-arid and modestly arid environments to gypsum and chloridic salts precipitated in
the soils of the arid and the extremely arid environments. Gypsum and salts are not the dom-
Inant precipitates In all deserts. For example, the Mojave and the Sonoran Deserts in
southeastern Californla and Western Arisona calcle solls are widespread.

(6) Old gravelly soils usually have a gravel-free B horlson several tens of em thick, under-
lying a gravelly desert pavement. Such soils are rapidly denuded of their pavement and B hor-
lson upon gullying and an Indurated calcle or gypslc crust may be exposed at the surface.

(7) Information on the type and condition of ground cover may require airphotos of the
scales 1:2,500 — 1:10,000. Areas should be studied with this kind of imagery when landing of
aircraft s planned.

(8) Hillslopes of gentle decllnity, <20°, may have developed some kind of soil; Including
relatively large amounts of dust. Still, these amounts are usually far less than those charac-
teristlc of soils on the gently sloping surfaces on the upper part of the same landforms. Such is
the case of Reg soils on alluvial surfaces richer in dust than the gravelly Regosols on the riser
slopes at thelr foot.
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PLATE 1
Typical landforms of dissected limestone terrains (northen Negev):
(1) Crest. ' .

(2) Rocky hillslope.

(3) Interchanging rocky scarplets with loess covered benches.
(4) Colluvial footslope.

(5) Dissected colluvial - alluvial §11.

A portion of the Negev on a satelllte imagery. Note several broad landscape types:

(1) Loessial terrains.

(2) Dune fields.

(3) Dissected limestone terrains.
(4) Alluvial plains.

(5) Limestone plateaus.
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PLATE 3
A A stabiiised sand dune (1) overiain by an active ciimbing dune (2).
| Mt. Qeren, northwestera Negev.

B An active dune with rippies ciimbing over the ruins of Bysantine Rehovot in the
northwestern Negev.

i C Longitudinai dunes aiong the coast of northeastera Sinai.

D Loess overiying chaik in the northen Negev.

Note the thicker ioess mantle on the north facing hiiisiope (righthand side of the
photo).
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PLATE S
The playa of Qa En-Nagb, southern Negev, surrounded by allavial fans. Takyr soils
characterise the playa surface. .
A playa bordered by alluvial fans (southern Arava Valley).

(1) Old alluvial fans mantled by Reg Soils.

(2) Active alluvial fan — sand and gravel.

(3) Outer playa sone (vegetated) — silty sand and sand.

(4) Transition sone — sandy silt, saline and gypsiferous.

(5) Inner playa sone — sandy and silty clay, highly saline and gypsiferous.
Soft, puffly and wet silty-clayey playa surface.

Avrona playa,southern Arava Valley.

Soft, puffy, highly saline and sterile inner playa sone.

Avrona playa, southern Arava Valley.
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PLATE 4

A (1) Alluvial surfaces of different Quaternary ages mantled by Reg soils.
(2) The extensive playa of Al Jafr.

Southern Jordan.

B Holocene alluvial surfaces of Nahal Hever, draining into the Dead Sea.

C Alluvial surfaces of different ages:

(1) Pleistocene surfaces with a well developed desert pavement over a smooth sur-
face.

(2) Holocene surfaces with a gravel bar and swale morphology.
(3) Active floodplain.

Timna Valley, southern Negev.

D Dissected alluvial fans with rounded and narrow ridges - ballenas.

Nahal Roded, southern Arava Valley.
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PLATES .
' A The complex alluvial fan of Wadi Wattir, eastern Sinai:

f (1) Alluvial fan composed primarily of gravel and sand.
(2) A belt of active sand dunes.
(3) Coastal sabkha.

B Surficial patterns of alluvial fans (Eastern Sinai):

(1) Pleistocene surfaces, smooth with a well developed desert pavement.
(2) Holocene surfaces with well preserved gravel bars and swales.
(3) Active Boodplains.
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PLATE S
Debris flow fan surfaces of Holocene age, composed of sieve deposits.

South of Wadi Mukeibila, eastern Sinai.

A debris flow fan of Holocene age, composed of sieve deposits.

Eastern Sinai.

Recently deposited sieve deposits.

Wadi Naseb, eastern Sinai.

A recently deposited debris flow with sieve deposits at the surface.

Wadi Naseb, eastern Sinai.
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PLATE 7
Some landforms associated with major escarpments:

| A (1) A plateau with Hammada soils.
(2) Talus relicts, composed of debris flow depoutl mantled by Reg soils.
(3) Transition between talus and bajada, mantled by Reg soils.
(4) Middle Pleistocene alluvial fan terraces with Reg soils.
(5) A late Quaternary alluvial fan terrace with Reg soil.

Makhtesh Ramon, central Negev.

B An active talus slope. Note recently active debris flows. South of Wadi Mukeibila,
eastern Sinai.
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PLATE 8

(1) Hillcrest flat with Hammada soil.
(2) Limestone benches with loessial Serosem soils and Lithosols.
(3) Footslope colluvium with calcic and gypsic lossial soils.

Nitsana area, western Negev.

An undulating high plateau. The soils are highly clayey and calcic.

(1) Hammada soil.
(2) Clayey, calcic loessial soil.

Mt. Katerina, southern Sinai.

Talus slopes composed of rookfall debris and sieve deposits. The bedrock lithology
is rhyolitic quarts porphyry.

Mt. Amram, Southern Negev.

Talus slopes at the foot of a large scarp. The taluses are composed of debris fiow,

rockfall and washed grus deposits. The bedrock lithology is coarse crystalline
granite.

Santa Katarina area, southern Sinai.

Talus slopes, composed of debris flow and rockfall deposits:

(1) An active talus.
(2) A talus relict mantled by talus Reg soil. Bedrock lithology is flint and marl
layers (Sayarim Formation) overlying chalks (Menuha Formation).

Southern Arava Valley margins.

Talus slopes composed primarilly of debris flow deposits.

Note recent debris flows on the upper part.

Wadi Mukeibila, eastern Sinai
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PLATE 9

Densely dissected and badland terrains:

A Loess and loessial soils in the southern coastal plain in Israel.
B Chalks and shales of the Lisan Formation in the northern Arava Valley.
(o] Marls and shales in the Zin Valley, northern Negev.

D Chalks overlain by flint, northen Negev.
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PLATE 10

Round structures of an archaeological site of Middle Bronse I Age (-4000 years
old). The structure is partly filled with eolian dust.

Nitsana Site, western Negev.

A cut in a Middle Bronse I house, partly filled with eolian dust and collapse stones.

Be'er Ressisim, western Negev.

A cut in a dust and gravel fill of an Early Bronse archaeological site (-4500 years
old).

Tel Arad, northern Negev.

Stratified fluvial loess and gravel fill behind a dam.

Western Negev.
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PLATE 11

A well developed Hammada soil on a limestone plateau. A complete cover of desert
pavement overlying a gravel-free B horison.

Southern Negev

A Hammada soil profile on a quarts prophyritic bedrock. A complete, well
developed, desert pavement cover; a silty vesicular A horison (1 cm thick); the C
horison (30 cm thick) is composed of mechanically weathered gravel, with highly
saline and gypsyferous silty sand (including gypsic gravel coatings).

Mt. Amram, southern Negev.
A young Takyr soil in the southern Negev, composed of silt-loam.

A Pleistocene Reg soil in eastern Sinai: a gravel-free B ho;'ilon and a highly gypsi-
ferous and saline C horison. Note the gypsic pebble coatings.
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PLATE 12
Stratified alluvium in a Holocene terrace, composed of gravel and sand.

Mt. Amram, southern Negev. . J

Stratified and cross-bedded fluvial (1) sands and (2) silty loams.

East of Yotvata, southern Arava Valley.

Gypsum coating of cobbles in a Pleistocene Reg soil.

Timna Valley, southern Negev. ' :

Discontinuous gypsum coating on gravel in the C horison of a latest Pleistocene - g
early Holocene Hammada Soil.

Mt. Amram, southern Negev.
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PLATE 13 )
A An early Holocene Reg soil: a locally well developed desert pavement overlying a

thin vesicular silt-loam A horison (0.5 cm thick). B horison is gravelly and slight-
ly saline. C horison is highly gravelly, gypsiferous and saline. Note the mechani-
cally weathered gravel in the C horison.

Nahal Ze’elim, western Dead Sea.

B An early Holocene Reg soil in Timna Valley, southern Negev. The vesicular A hor-
ison is 1.0-1.5 cm thick; B horison is 5-10 cm thick and highly silty; C horison is
gypsiferous and saline, with a high proportion of salt weathered gravel.

C A Pleistocene Reg s0il on a high terrace of Wadi Sa’ade, eastern Sinai. Note the
difference between the highly gypsiferous right hand side and the far less gypsi-
ferous left bank side of the C horison.

D An old polygenetic Reg s0il on a late Tertiary surface. A thick layout gravel-free
silt loam A and B horisons, is overlain by a well developed desert pavement.
Paleocalcic and paleogypsic horisons are observed below depth of 70 cm.

E A late Pleistocene Reg s0il with a petrogypsic horizon in the southern Arava Val-
ley. .
F A mottled calcic paleosol burried under a later loessial cover in Nahal(=wadi)

Nitsana, western Negev.
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PLATE 14 .

. A A gravelly surface of an early Holocene alluvial fan. An early stage of desert
| pavement development.

Wadi Mukeiblla, eastern Sinai.

B A well developed desert pavement.

Nahal (=wadi) Nitsana, western Negev.

C Plates of sandstone over sand and bedrock.

Southern Sinal.

D A typical Hammada surface:

(1) Limestone bedrock, in situ.
(2) Desert pavement over Hammada soil In pockets .

Western Negev.
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PLATE 16

Encrusted debris mantle on shales. The crust is composed of 60-70% clay, 30-40%
silt, and minor amounts of fine sand (< §%).

Northern Negev.

Fine angular gravel is sieve deposited in an active alluvial fan.

Mt. Amram, southern Negev.

A loamy crust deposited on an active floodplain.

Biq’at Uvda, southern Negev.
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APPENDIX 2 FIGURES

'.fi. Note:  The figurs numbers and the captions are those presented in the accompanying re- [

| P port. The user may find detalled explanations In the text accompanying these figures. 3 ,
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ralnfall and sites of soil profiles and sections
1n surficial

northeastern Sinal, part of the Dead Sea Rift
Valley and the Judean Desert: mean annual

Figure A1 Alodlonmp—ThN.’v,
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Sandy Solonchak solls
L
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Sandy Solonchak solls
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APPENDIX 8 GLOSSARY

Note: The following terms are defined for application :a the context of the present report. In
some cases the definitions are not sufficient for general use. The emphasis here is on terrains of

the hot deserts.

Acid Volcanic Rocks Igneous rocks
that have been poured out or ejected at or
near the earth’s surface, having a bigher
percentage of silica than orthoclase, the
limiting figure commonly adopted being
80%.

Aggregate A group of primary particles
intimately bound such that they form
secondary units.

A Horizon (in desert soils) A
minera) soil horiron formed at or adja-
cent to the surface.

Alluvium An unconsolidated sediment
deposited by a stream or a river (a fluvial
sediment). Composed of gravel, sand,
silt, clay.

Badlands An  extremely  dissected
landscape, characterised by very fine
drainage network, usually carved in un-
consolidated or poorly cemented materi-
als such as silt, clay, shale, chalk, vol-
canic ash. Lack of vegetation, steep gra-
dients and erodible materials are favor-
able enviromental conditions for bad-
land formation.

Bajada or Bahada The nearly flat

surface of a continuous apron consisting

of confBuent alluvial fans which together
with the pediment make up the pied-
mont slope in a basin.

Ballena A major landform comprising
distinctively round topped ridgeline rem-
nants of fan alluvium. The ridge's
broadly rounded shoulders meet from ei-
ther side to form a narrow crest and
merge smoothly with the concave
backslopes.

Basalt A genera! term for dark colored
mafic igneous rocks, commonly extrusive
bat locally intrusive, composed chiefly of
calcic plagioclase and clinopyroxene;
the fine grained equivalent of gabbro.

B Horizon (in desert soils) A
mineral soil horison in which the parent
sediment or rock structure and texture
has distinctly changed, charachterized
by: (a) an illuvial concentration of silt,
clay and occasionly fine sand; (b) weath-
ering of certain minerals and iron
released as oxides/hydroxides; (c) some
new structure has formed; (d) usually
shows accumulation of salts, gypsum or
carbonate.

Brown Alluvial Soil A brown soil
formed of young alluvial deposits in val-
ley Bloors. The texture is loamy and
often contains CaCO,.

Brown and Light Brown Loessial
Soils A soil formed of eolian or fu-
vial loess usually with an AB_,C or an
AB_B, profile. The texture is sandy-
loam, loam or clay-loam. 1t contains
CaCOy nodules throughout most of the
profile.

Buried Soil/Horizon A soil or an
horison (B or C) is considered to be
buried if there is a surface mantle or if
it is overlain by s mantle of new materi-
al. (see palesol)

ca-Calcic Horison A soil horison
with a secondary concentration of
CeCO,, of at least 5% by weight.

Chalk A very soft, white to light gray,
unindurated limestone composed of the
tests of floating microorganisms and

|




some bottom dwelling forms in a matrix
of finely crystalline calcite. Some chalk
can be almost devoid of organic remains.

C Horizon A mineral soil horison or a
layer underlying B horison (q.v.), usual-
ly similar in structure and texture to
the parent sediment or rock, but weath-
ered and unconsolidated.

Clay A soil or sediment separate consist-
ing of particles < 0.002mm in (e-
quivalent) diameter. Fine clay — <
0.00lmm.

Climatic Regimes of the hot deserts
are here subdivided accordingly to the
mean annualy precipitation as folows:
(a) semi-arld — 400-250 mm/year; (b)
moderately arld — 250-150 mm/year;
(c) arld — 150-80 mm/year; (d) ex-
tremly arld — <80 mm/year.

Colluvium Colluvium is the superficial
mantle of unconsolidated rock debris
which consists of hetrogeneous materials
of any particle sise which accumulate on
the lower parts or the base of slopes.

cs-Gypsic Horizon A il horison
with a visible secondary concentration
of gypsum, usually more than 5§%.

Debris Flow A dense (60-80% solids, by
weight), viscous and rapid flow consist-
Ing of coarse particles embeded in fine
material. It usuaily begins on unvegetat-
ed talus or colluvlal slopes during ex-
tremely heavy precipitation. The depo-
sits are unstratified, poory sorted with
coarse partleles matrlx supported In
elongated, lobate forms. Commonly
coarse particles armour the surface and
form low rldges (levees) bordering the
flow.

Debris Flow Fan see: Fan — Debrls
Flow.

Desert Pavement Desert pavementisa
type of surficiai cover composed of >
40% gravel, overlying » fne earth (siit,

fine sand, clay) horison. The gravel is
usually mechanically shattered and flat

lying.

Divide A belt of separation between
drainage systems: the summit of an in-
terfluve,

Dolomite A carbonate sedimentary rock
of which more than 50% consists of the
mineral dolomite, or a variety of lime-
stone or marble rich in magnesium car-
bonate.

Dune Mound or ridge of wind blown (or
eolian) unconsilidated sand.

Sand dune — An eolian dune and a
landform element built of sand sise
mineral particles.

Stabllised dune — A non-active dune
stabilised by vegetation and
penetrating airborne dust and salts.

Climblng dune — A dune climbing on
a hillslope.

Dust — Desert Dust The material in
surficial deposits (including soils) and in
the atmosphere composed of particles
smaller than 0.0625mm. It consists
mostly of silt sise particles
(0.002-0.0625mm in diameter) with
lesser amounts of clay (<0.002mm) and
may include some very fine sand
(0.0625-0.125mm). Dust can remain In
suspension in the atmosphere for long
perlods of time and be transported for
long distances.

Electrical Conductivity (in soils)
Electrical conductivity is a measure for
the concentration of soluble salts in
solis. Electrical conductivity Is recipro-
cai of electrical resestivity. The dimen-
sions are 1/ohm e¢m or mho per em. The
conventlonaily used units for soll solu-
tlon or extract are mlliimho/em. The
standard temperature for reporting
electricai conductlvity messurements Is

o
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Fan — Alluvial An alluvial fanis s
body of stream deposits whose surface
approximates a segment of a cone that
radiates downslope from the point where
the stream leaves a mountaineous area.
Alluvial fans have greatly diverse sises,
slopes, types of deposits and source-area
characteristics. @~ They are most
widespread in the dried parts of the
world.

Fan — Debris flow An accumulation
of debris brought down by a debris flow
descending through a steep raving and
debouching in the plain beneath where
the detritial material spreads out in the
shape of a fan.

Fine Earth The textural separate of the
soil which Includes sand, silt and clay.

Flint (Chert) A hard, extremely dense
or compact, dull to semivitreous micro-
crystalline or cryptocrystalline sedi-
mentary rock, consisting dominantly of
interlocking crystals of quarts. It may
contain amorphous silica, and impurities
such as calcite, iron oxlde and remains
of siliceous and other organisms.

Flood Plain A geomorphic feature
formed by stream/river, It represents the
area In which the stream/rlver flows,
srodes and deposits In time of flood. A
flood plain is composed of channel and
overbank deposite.

Granite A term loosely applled to any
light colored coarse gralned plutonle
rock contalning quarts as an essentlal
component, along with feldspar and
mafic mlnerals.

Gravel Sediment or soll particles coarser
than 2mm in diameter. Subdivision of
gravel: granule - 2-4mm; pebble -
4-64mm; cobble ~ 64-256mm; boulder -
>256mm.

Grus  Angular fragments of crystal grain
sise produced locally by weathering of
coarse crystaline rocks, frequently gran-
ite.

Hammada A shallow soil developed in
situ, usually on hard bedrock on gently
sloping terrains, covered by angular rock
fragment. The profile includes ABR,
ACR, or ABCR horisons (often gypsic or
saline).

Hillslope The inclined surface of a hill,
mountain plateau, plain or any part of
the surface of the earth. Slope is also
the angle at which such a surface devi-
ates from the horisontal.

Holocene (Recent) An epoch of the
Quaternary (q.v.) period, from the end of
the Pleistocene (q.v.}, approximately
10,000 years ago, to the present time.

Igneous Rocks A rock that solidified
from molten or partly molten materiel,
j.e. from magma.

Limestone A sedimentary rock consist-
ing chiefly (more than 50%) of calcium
carbonate, primarily in the form of the
mlneral calcite, and or without mag-
nesium carbonate.

Lithosol A shallow soil with no well
developed AC, ACR, C or CR horisons.
Usully formed on soft, friable bedrock,
often gravelly and saline.

Loam Soil materlal or deposit which con-
tains 7-27% clay, 28-50% silt, <§2%
sand (see figure 1C in chapter C.1).

Loess Materlal transported and deposited
by wind and conslsting of predominant-
ly silt with some very fine sand and clay
particles.

Loessial Seroszem Soil A soil
developed of loess parent material. Very
Light browa or ysllowlsh brown In color,
usually sandy loam or loam in texture.
Contains carbonate nodules and at depth
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gYpsum and salts.

Loessial Soil A s0il developed from
loess parent material. In many cases it
forms on alluvial loess, derived from pri-
mary eolian deposits. The texture is
loam, silty loam or fine sandy loam.

Marl  An old term loosely applied to a
variety materials, most of which occur
as loose, earthy deposits consisting
chiefly of an intimate mixture of clay
and calcium carbonate, formed under
marine or freshwater conditions.
35-65% clay; 65-35% carbonate.

Metamorphic Rocks Any rock
derived from pre-existing rocks by
minerological, chemical and/or struc-
tural changes, essentially in the solid
state, in response to marked changes in
temperature, pressure, shearing stress
and chemical environment, generally at
depth in the Earth’s crust.

Paleosol A scil which have formed in

landscapes of the past (ree also buried
eoil/horison).

Plain A region of general uniform slope,
comparatively level of considerable ex-
tent, and not broken by marked eleva-
tions & depressions: It maybe an exten-
sive valley floor or a plateau eummlit. A
plain is here defined as an extensive area
haviag relief < 20m and gradients of
<10°.

Plateau A rlatively elevated area of
comparatlvely flat land which ls com-
monly limited on at least one side by an
abrupt descent to lower land.

Playa An ehemerally Sooded usually
barren area on a basln Soor that ls
veneered with fine textured sediments
and/or salts, Acts as a temporary or the
Snal slnk for dralnage water.

Pleistocene An epoch of the Quater-
aary (q.v.), between the Pliocene of the
Tertlary (q.v.) and before the Holocene

{q.v.). It began approximately 1.8 million
years ago and lasted until the Holocene
came 10,000 years ago.

Quaternary The second period of the
Cenosoic era, following the Tertiary. It
began approximately 1.8 million years
ago and extends to the present. It con-
sists of the Pleistocene (q.v.) and the
Holocene (q.v.) periods.

Regosol A deep s0il with AC or C hor-
isons, formed from unconsolidated
parent material, usually on hillslopes.

R Horizon Continuous, unweathered sed-
iment or bedrock.

Reg Soil A 10il with ABC, AC or ABR
horisons. Veneered by desert pavement
and containing at shallow depth gypsic,
salic or calcic horisons. It developes
from coarse desert alluvium or colluvi-
um, under an arid to extremely arid cli-
mate.

Riser A steeply sloping surface of one of
a series of natural step-like landforms,
as those of successive stream terraces.

Sabkha A term used on the Arabian Pen-
insula for a salt flat or low salt encrust-
ed plain restricted to a coastal area, as
along the Persian Gulf.

Saddle A low point on a ridge or crest
line, generally a divld between the heads
of streams flowing in opposite directions.

Sand Soil or sediment particles between 2
and 0.0625mm In diameter. Fine sand
<0.250mm.

Sandstone A cemented or otherwlse
compacted detrital sediment composed
predominantly of quarts grains, the
grades of the latter belng those of sand.

Sandy Regosol A deep s0ll with AC or
C horlsons formed from unconsolidated
sand. A horison ls light In color and
contalns small amount of organlc ms-
terlal.
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Sandy Soil Sandy soil is a soil which in-
cludes sand as a major textural com-
ponent. Such soil is rather diversified ac-
cording to the pedogenic processes in-
volved.

sa — Salic Horison A soil horison
with a visibls secondary concentration
of soluble salts (frequently chlorides),
usually containing more than 2% of
salts.

Serozem Soil A soil with ABCor ABB,

horisons, usually light in color.
Contains at shallow depth a calcic
and/or gypsic horisons.

Shale A fine grained sedimentary rock,
formed by the consolidation of clay, silt
or mud. It is characterised by finely lam-
inated structure, which imparts a fssili-
ty approximately parallel to ths bed-
ding. It normally contains at least 50%
silt with 35% "clay or fine mica fraction”
and 15% chemical or authigenic materi-
als. It is generaily soft but sufficiently
indurated.

Sieve Deposit Coarse grainsd lobate
masses on an alluvial fan and talus
whose material is sufficiently coarse and
permeable to permit complete infiltra-
tion of watsr and dust.

Silt A soil or sediment separate consisting
of particles betwesn 0.0825 and
0.002mm in (equivalent) diameter. Fine
silt - <0.016mm.

Soil Horison A layer of soil diffsring
from adjacent genetically relatsd layers
in various properties (physical, chsmical,
biological, structure, texture, color).

Soil Profile A soil profile consists of the
vertical arrangemsnt of all ths soil hor-
isons (q.v.) down to ths parent materlal.

Soil (Deposit) Texture see: Texture
of Soil, Deposlt.

Solonchak A soil containing high
quantities of salts especially in the
upper horisons. Develops in playas and
sabkhas where saline groundwater level
is shallow.

Talus  Talus is here defined as a debris
mantle on a hillslope or at its foot,
formed by rockfall, slope wash, debris
flow or creep. It assumss
different/various forms: an apron at the
foot of a cliff; a cone at the mouth of a
gully or a small ravine.

The types of talus slopes in the present

report are: rockfall talus, debris flow
. (q.v.) talus, paved (by desert pavement,

q.v.) talus and sieve deposit (q.v.) talus.

Takyr A fine textured soil developed on a
playa surface without a watertable close
enough to the surface to permit salt
crust to appear. It usually has a slightly
to moderately saline subsoil.

Terrace — Alluvial, Rock-cut
An abandoned, inactive, stream channel,
flood plain or alluvial fan.

Alluvial Terrace — a stream terrace
composed of unconsolidated alluvi-
um.

Rock-cut Terrace — a terrace, usually
cut by a stream In bedrock.

Tertiary Ths-first period of the Ceno-
soic sra, between the Mssosoic and the
Quaternary; covered the span of time
between 6.5 and 1.8 million years ago. It
is subdivided into five epochs: ths Palso-
cene, Eocene, Oligocene, Miocsns and
Pliocene.

Texture of soil or deposit A msas-
ure of the sise of the particls com-
ponsats and the particls siss distribu-
tion (see Sgure C.l.1,c In chapter C.1).

Tread The flat or gently sloplng surface
of ons of s eerles of natural step-like
landforms, as those of successive stream

terracss.
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