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FOREWORD
Soil Resource Inventories are the basis for agrotechnology transfer and for national or regional planning. To permit
world-wide transfer of agrotechnologies, it is desirable to have inventories developed with the same or similar
methodologies. Recent studies by the International Soils Research and Reference Centre, Wageningen, Netherlands,
has shown a wide disparity in the quality of soils data from laboratories throughout the world.
The Soil Management Support Services (SMSS) perseveres to assist national institutions in developing countries in
making reliable and reproducible soil characterization data and also in making quality soil surveys. There are several
indications that in many instances, soil resource inventories are not used due to unreliability or other reasons despite
their high cost of production.
In many developing countries, facilities are not available for detailed soil characterization. In some countries, soils of
agricultural research stations have never been characterized making the agronomic research site-specific and with
the associated problem of not being able to transfer the results of the research to other areas.
When requested, SMSS has been assisting countries to characterize the soils of their major research stations.
SMSS also provides technical assistance to soil survey programs.
This monograph on the Benchmark Soils of the Yemen Arab Republic is the first of a series in the Benchmark Soils
of the World to be published by SMSS. Through such monographs, we hope to develop a database of world soils. The
soil survey of Yemen was conducted by Cornell University in collaboration with the Ministry of Agriculture of the
Yemen Arab Republic, with funding from the Agency for International Development. Separate and more detailed
reports of the soil resources of Yemen have been published and are available from the Ministry of Agriculture, YAR.
Hari Eswaran
Program Leader SMSS
November, 1985
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PREFACE
Until present, only limited information was available on the soils of the Yemen Arab Republic. The few soil surveys
that had been conducted previously were not sufficient or adequately correlated in a national or international system
to serve development needs. They varied in degree of detail, and required complementary studies to respond to an
increasing demand for soil resource information. This reduced their usefulness and restricted the transfer of technical
knowledge from other areas in the world with similar ecological conditions.
The original project involved the mapping of soils of the Yemen Arab Republic. The resulting soil survey is an
important part of the data base for planning the development of agriculture and urban infra-structures in North
Yemen. The survey will assist in locating areas of high potential where more detailed soil information would facilitate
the introduction of new technology for agricultural production.
The objective of the soil survey was to produce a generalized 1:500,000 scale soil map based on field observations,
which were also extrapolated by interpretations of satellite and air-photo imagery. The map shows associations of
subgroups as recognized by Soil Taxonomy (USDA, 1975). The project mapped those areas of Yemen west of
longitude 45 degrees, 30 minutes. The survey area does not include islands in the Red Sea.
For eighteen months, one soil surveyor with support equipment and personnel was stationed as a staff member of
the Agronomy Department at Cornell in Yemen with operations based in Taizz. Field work included soil profile
examination and mapping. Soil analyses were required to place the soils into Soil Taxonomy classification.
Representative soil profiles were sampled, tested, and described throughout Yemen as part of this effort. The
surveyor was assisted by Yemeni personnel, both professional and nonprofessional. Soil samples were analyzed by
the FAO-assisted Agricultural Research Service at Aussefeire; some special, texture, and mineralogical analyses were
performed at Ithaca. Three soil profiles were analyzed by the National Soil Survey Laboratory (USDA-SCS) at
Lincoln, Nebraska.
This report begins with a synopsis of soil-forming factors and the genesis and classification of the soils of North
Yemen (Chapter 1). This is followed by a brief description of the field survey and laboratory methods (Chapter 2) and
the soil map legend (Chapter 3). Part of the legend information includes estimated total areas (km2) of each map unit,
subgroup, and soil order. A complete soil map (1:500,000) is found in a pocket on the back cover. Chapter 4 provides
information for soil interpretations and management considerations. Finally detailed descriptions of the most
important benchmark soils are given in the Appendix. It is hoped that all this information will provide the reader with a
clear picture of Yemeni soils, their environment and their use.
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CHAPTER 1
SOIL-FORMING FACTORS AND THE
GENESIS AND CLASSIFICATION OF SOILS IN YEMEN
Climate
The climate of the Yemen Arab Republic is characteristic of arid and semi-arid tropical areas. Rainfall is
seasonal and variable, and its quantity is primarily
controlled by the effects of the mountains. Weather and
climate data are very scarce.
Rainfall varies from approximately 1000 mm/yr in the
Ibb area to near 0 mm/yr along the Tihama and in the Rub
Al Khali. A probable modal rainfall map is shown in Map
1.1. The largest amounts of rainfall are associated with the
western and central highlands as humid winds from the
Indian Ocean and Red Sea are forced to rise and cool.
Once past the highest mountains, the winds have lost
most of their moisture and rainfall decreases rapidly to the
east.
Temperature in Yemen is strongly influenced by elevation. The yearly average ranges from approximately 11°C
at Rabat to 26°C at Al Hudaydah on the coast.
High potential evapotranspiration rates, resulting from
high temperatures (Figure 1.1), are somewhat moderated
on the Tihama by the high relative humidity. Extremely dry
conditions with dessicating winds, as found in Sahelian
Africa, are not common.
Freezing weather seldom occurs in the lowlands. However, nighttime freezing weather is common in some of the
highland areas. For example, at the Kitab dairy on the
Dhamar Plain one hundred consecutive nights of freezing
temperatures were recorded. The lowest recorded
temperature at Kitab is -9°C.

Soil Climate Regime Estimations
for Yemen
The estimation of soil moisture and soil temperature
regimes in Yemen is crucial for the correct classification of
soils according to Soil Taxonomy (USDA-SCS, 1975).
Newhall (1972) developed a computer program to make
these estimates, using monthly temperature and rainfall
data. However, these data are scarce. Monthly rainfall

data are available for a few years at forty sites in Yemen
(Map 1.2), while monthly temperature data have been
recorded at nine sites only. To make full use of the data
available, the sites with temperature data were used to
correlate temperature with elevation, and this relationship
was applied to estimate soil temperatures at sites with
known elevations.

Estimation of Soil Temperature
Regimes by Elevation of Site
Nine stations in Yemen have mean annual air temperature and elevation data available (Table 1.1). The mean
annual soil temperature was estimated from the mean
annual air temperature by adding 2.5°C. These data were
statistically processed and regression equations were
determined for elevation and mean annual soil
temperature.
The highest R (+ 96%) value was achieved with an
equation involving elevation and elevation squared terms.
This equation is T=32.1-0.069E-0.022E2, where T is the
mean annual soil temperature in degrees Celsius and E is
elevation in hectometers (=100 m). However, this equation
was found to result in altitude boundaries for temperature
regimes at elevations that were clearly out of line with field
experience in Yemen. The most important reason for this
was probably the lack of data in the 100-2000 m elevation
range—only Taizz data at 1500m are available.
In order to select the best regression equation other
climatic data were considered. The temperature decrease
with elevation is primarily a result of adiabatic cooling as
winds from the Red Sea and Gulf of Aden rise over the
mountains. The adiabatic cooling rate (also known as the
lapse rate) is linear, depending on the amount of moisture
in the air mass. For dry air masses, the adiabatic lapse rate
is 1°C per 100 meters elevation. For wet air masses, the
lapse rate can be as low as 0.4°C/100 m (Petterssen, 1940).
The adiabatic heating rate (when an air mass descends
into a valley) is the same for both wet and dry air masses,
and it is the dry adiabatic lapse rate, 1.0°C/100 m.
Applied to this situation, the adiabatic lapse rates
suggest that a linear rate would serve satisfactorily as a
1

Map 1.1: Probable modal rainfall map for Yemen.
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Figure 1.1: Precipitation, temperature and potential evapotranspiration for four stations in Yemen.
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Map 1.2: Weather recording stations in Yemen.
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Table 1.1: Observed annual air temperature, estimated mean annual soil temperature and elevation for nine stations in
Yemen.
Observed
mean annual
air temp.
(°C)
29.6
29.6
30.0
23.6
14.6
15.1
10.9
15.3
11.4

Stations

Al Hudaydah
Kamaran
Al Zuhra
Taizz
Amran
Sana
Kitab
Ma'bar
Rabat

Estimated
mean annual
soil temp.
(°C)
32.1
32.1
32.5
26.1
17.1
17.6
13.4
17.8
13.9

Elevation
(m)

Source

Years
of data

13
20
70
1500
2190
2300
2550
2583
2743

1
1
5
3
4
?
4
2
2

26
26
6
10+
1
6
1
2
2

Sources: 1-Naval Weather Services. 1974. Worldwide Airfield Summaries.
2-Land Resources Development Centre. 1979. Montane Plains and Wadi Rima Project Report.
3-Wernstedt, F. 1972. World Climatic Data.
4-Gibb, Sir Alexander and Partners. 1979. Development of Wadis Bana and Rasyan, Stage I.
5-Tipton and Kalmbach, Inc. 1979. Development of Wadi Mawr. Appendix B.
general lapse rate for Yemen. This linear approximation is
best for areas along the mountain front, where adiabatic
cooling is most important. It is less accurate for highland
areas, particularly in areas of steep relief. In these areas,
adiabatic heating and cooling take place at varying rates as
the air rises and falls over the topography.
A linear equation was used to approximate the lapse
rate for Yemen. The equation is T=32.9-0.657E where T=
estimated annual soil temperature in degrees Celsius and
E is elevation in hectometers. The lapse rate is 0.657°C/
100m. This is about midway between the wet and dry
adiabatic lapse rates. The correlation coefficent for the
linear regression is 94%.
The equation given above was used to assign soil
temperatures to elevations. Thus soil temperature regimes
can be assigned to elevation ranges. These elevation
ranges are given in Table 1.2. Using Table 1.2, soil
temperature regimes can be estimated for sites where only
elevations are known. A soil temperature regime map
based on this table is given in Map 1.3.
Table 1.2: Elevation ranges for iso-temperature regimes
(Soil Taxonomy, 1975) appropriate for the classification of
soils in Yemen.
Temperature
regime

Estimated range
Range of mean
of elevations (m)
annual soil
temperature (°C)

Isomesic
Isothermic
Isohyperthermic
Isomegathermic*

8-15
15-22
22-28
>28

3790-2725
2725-1660
1660-745
745 and below

*proposed new soil temperature regime

Using Table 1.2, the elevation of Kitab suggests that
Kitab should be isothermic. However, the results for the
year for which data are available show Kitab as isomesic.
Kitab is known for its unusually cold temperatures. This
may be a result of the immediate topography around
Kitab. This points out the care with which these estimates
should be used. The generalizations made here need to be
interpreted in the light of each individual situation.
For most stations for which average monthly temperature data were available, the temperature regimes calculated are iso-temperature regimes. This means that there
is little seasonal difference (less than 5°C between winter
and summer) in the soil temperature. Al Zuhra, for which
monthly temperatures for individual years were available,
was iso- two years and non-iso another two years. Ma'rib,
for which data are a combination of observed data and
data derived from the patterns of nearby stations (Agrar
und Hydrotechnik, 1980) is also non-iso, as are nearby
stations in Saudi Arabia and South Yemen. These data
suggest that latitude and location either east or west of the
mountains are the primary influences on whether or not an
area is iso or non-iso. However, insufficient data make it
difficult to clearly delineate the boundary in Yemen. For
the purposes here, it is assumed that all temperature
regimes to the west of the eastern thermic/hyperthermic
boundary are iso-, while the area to the east of this
boundary are not.

Estimation of Soil Moisture Regimes
Two computer programs were available to estimate soil
moisture regimes for Yemen. The first uses mean monthly
temperature and rainfall data averaged over a number of
years to estimate a single soil temperature and moisture
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Table 1.3: Elevation and estimated soil moisture regimes for sites with monthly rainfall data in Yemen.

Site
Ad-Darb
Al Mahabisha
Al Mahweet
Ash-Shagrab
AtTur
Bani Uwair
Beit Al Fatami
Beit Al Fuleih
Dawran
Dhaf
Dhamar
Hajjah
Huth
Ibb
Khamir
Maram
Rhizwa
Rihab
Sakain
Samah-Al-Uya
Sanaban
Shibam
Shihara
Sumara
Surdud
Udayn
Wadi Al Har
Washa
Yerim
Zabid
Zabid Camp

Elevation
(m)
2750
1600
2100
2770
200
2100
2000
800
2900
2625
2770
1650
1850
1800
2350
2375
2400
1500
2230
2500
2300
2650
1250
1800
250
1500
2300
500
2400
240
240

Number
of years
of data
4
2
1
5
2
2
5
4
2
3
5
2
2
8
2
5
5
7
2
5
5
2
1
7
2
6
1
1
8
6
10

regime for that set of years. The second uses data from
each of several years individually to produce a separate
temperature and moisture regime estimate for each year.
Both programs print out soil moisture calendars for the
years for which they estimate temperature and moisture
regimes. The second program also gives an overall
estimate of the temperature and moisture regimes for the
years given based on a "truth table," which tests the
moisture calendars for the probability of occurrence of
moisture conditions specified in the definitions of Soil
Taxonomy.
Monthly rainfall and elevation data were available for the
stations listed in Table 1.3. The mean monthly air
temperatures were calculated by producing linear regression equations for each of the twelve months in the
manner described for annual soil temperatures. The
calculated temperatures were then used in estimating the

Calculated
mean
annual soil
temperature
15.0
22.5
19.3
14.9
31.8
19.3
19.9
27.8
14.0
15.8
14.9
22.2
20.9
21.2
17.6
17.4
17.3
23.2
18.4
16.4
16.6
15.6
24.9
21.1
31.5
23.2
17.9
29.8
17.3
31.5
31.5

Estimated
temperature
regime
Isomesic
Isohyperth.
Isothermic
Isomesic
Isohyperth.
Isothermic
Isothermic
Isohyperth.
Isomesic
Isothermic
Isomesic
Isohyperth.
Isothermic
Isothermic
Isothermic
Isothermic
Isothermic
Isohyperth.
Isothermic
Isothermic
Isothermic
Isothermic
Isohyperth.
Isothermic
Isohyperth.
Isohyperth.
Isothermic
Isohyperth.
Isothermic
Isohyperth.
Isohyperth.

Estimated
moisture
regime
Ustic
Ustic
Ustic
Aridic
Ustic
Aridic
Aridic
Aridic
Udic
Aridic
Ustic
Ustic
Aridic
Udic
Ustic
Aridic
Aridic
Aridic
Ustic
Aridic
Aridic
Ustic
Aridic
Ustic
Aridic
Aridic
Aridic
Aridic
Ustic
Aridic
Aridic

soil moisture and temperature regimes.
A summary of the estimated temperature and moisture
regimes are given in Tables 1.3 and 1.4. Table 1.4 gives
results for stations for which observed temperature data
are available, and Table 1.3 gives results for stations for
which temperature data were calculated on the basis of
elevation. Map 1.4 shows the estimated soil moisture
regimes.

Limitations of the Model in Yemen
The Newhall model used in making the soil climate
estimations has several important limitations when applied
to Yemen. It assumes that there are no significant gains or
losses of rainfall due to runoff or inflow. This is commonly
not the case in Yemen, particularly along the Tihama
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Table 1.4: Results for sites with observed rainfall and
precipitation data.
Site

Estimated
temperature
regime

Estimated
moisture
regime

Al Hudaydah
Al Zuhra
Amran
Kamaran
Kitab
Ma'bar
Rabat
Sana
Taizz

Isohyperthermic
Isohyperthermic
Isothermic
Isohyperthermic
Isomesic
Isothermic
Isomesic
Isothermic
Isohyperthermic

Aridic
Aridic
Aridic
Aridic
Udic
Ustic
Udic
Aridic
Aridic

mountain front and along wadis in the mountains. Much of
the precipitation along the Tihama mountain front
probably flows onto the Tihama before it can infiltrate into
the subsoil. Therefore, the ustic areas along the mountain
front may be drier than predicted by the model and the
wadi areas near the front are probably more moist.
The same may be true in areas along mountain wadis.
However, in the mountains, water runoff is significantly
affected by terracing. Water remains in the terraces more
readily than it would on an unterraced slope. The
computer-estimated moisture regimes probably are more
accurate in terraced areas because the precipitation is
made more effective by the terraces. In water-harvesting
situations, terraced areas may be moister than predicted
by the computer model.

Geology
This information is adapted from reports by Geukens
(1966) and Grolier and Overstreet (1978).
The Yemen Arab Republic includes four major geologic
provinces: 1) the Precambrian shield areas, 2) sedimentary
rocks of Paleozoic and Mesozoic ages, 3) Tertiary and
Quaternary volcanics, and 4) Quaternary alluvial deposits.
A generalized geologic map is given in Map 1.5.

Precambrian Shield
The Precambrian shield, composed of igneous and
metamorphic rocks, is the basement of the Arabian peninsula. The igneous rocks include pink orthoclase granites,
diorite, gabbro, and mafic volcanics. Metamorphic rocks
include mica, chlorite and garnet schists, gneiss, quartzite,
marble, slate, and amphibolite. The structure of the shield

is very complex, because the rocks have been folded and
faulted several times.

Sedimentary Rocks
There are three sets of sedimentary rocks in Yemen: the
Wajid sandstone, the Kohlan and Amran groups, and the
Taliwah and Medj-Zir groups, going from oldest to
youngest.
All of the sedimentary rock groups are approximately
horizontal. The Wajid sandstone rests directly on the
Precambrian shield. The Kohlan group is also in contact
with basement rocks. The Kohlan and Amran groups and
the Taliwah and Medj-Zir groups are conformable. The
Amran and Taliwah groups are unconformable.
WAJID SANDSTONE
The Ordivician Wajid sandstone is a cross-bedded,
coarse-grained, well-rounded, quartz sandstone. It
includes frequent conglomeratic gravel lenses. The grain
size decreases to the north. It contains no fossils.
The Wajid sandstone outcrops in the dry northern area.
They are less rugged than the Taliwah areas, with broader
plains between mountains. Some agriculture is found on
these plains, where rainfall or groundwater supplies
permit.
YEMEN VOLCANICS
The Yemen Volcanics formation occurs extensively
over southwestern Yemen. The area is a rugged igneous
plateau, which has been strongly dissected. Mountainsides
are rocky, with some soil formation in protected areas.
Agriculture is concentrated in valley bottoms, with some
terracing on less steep slopes.

KOHLAN AND AMRAN GROUPS
The Jurassic Kohlan group consists of green silty shale
and arenaceous sandstone which includes conglomerate
lenses. The sandstone is interbedded with and overlies the
shale. The sandstone becomes purer in quartz to the
north. The Kohlan series is generally unfossiliferous.
The Kohlan group grades into the overlying Jurassic
Amran group. The Amran group contains fossiliferous
blue and light gray limestone, marl, and calcareous shale
and sandstone. The Amran group varies in lithology from

Map 1.5: Generalized geologic map of Yemen.
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TAWILAH AND MEDJ-ZIR GROUPS

Loess

The third group of sedimentary rocks includes the
Cretaceous Tawilah and Tertiary Medj-Zir groups. They
are cross-bedded, coarse-grained quartz sandstones.
They generally contain hematite nodules where they are in
contact with volcanic materials. The lower Tawilah group
includes conglomerate layers interbedded with red and
green shale layers. The Medj-Zir group contains locally
fossiliferous layers of calcareous shales.

Loess deposits are found in areas where mountains
present a barrier to the wind, causing it to slow down and
drop its sediment load. The loess of Yemen probably originated in the Rub Al Khali to the northeast, the direction of
the prevailing winds. Many of the loess deposits, particularly in the intermountain plains, have been reworked by
alluvial processes.

Tertiary and Quaternary Volcanics
Volcanic rocks which formed in Cenozoic Era are
divided into two groups. Igneous rocks of the Tertiary
Period are known as the Yemen Volcanics, while any
younger volcanic rocks are grouped as Quaternary
Volcanics.

YEMEN VOLCANICS
The Yemen Volcanics formation, as defined in Grolier
and Overstreet (1978), includes Tertiary volcanic rocks
(the Trap Series) and contemperaneous granite laccoliths.
The Trap Series (Geukens, 1966) is made up of alternating
layers of lava flows, basalts, porphyries and various tuffs.
The original volcanic craters are rare. The Trap Series
includes sedimentary deposits, which were laid down
during volcanically quiet times. These deposits include
fossils.
The granite laccoliths included in the Yemen Volcanics
are exposed both within and adjacent to the Trap Series,
and are also found in the sedimentary rocks north of Sana.
They are heavily dissected.

Dunes
In the survey area, sand dunes are found primarily on
the Tihama, where the ground is level. Barchans and some
longitudinal dunes are found, indicating that sand supply is
the limiting factor of dune formation. The source of the
sand is probably the wadi beds and alluvial fans, which
receive sand from wadis coming out of the mountains. The
great sand seas of the Rub Al Khali are outside of the
survey area.

FLUVIAL DEPOSITS
Alluvial Fans
Alluvial fans are deposited where a quick decrease in
slope (as at the bottom of a mountain) causes flowing
water to slow down and drop its sediment load. Fans are
found on the Tihama and on the Wadi Al Jawf, along the
mountain fronts.
The fans are made up of coarse-grained material,
because the dryness and lack of vegetation allow wind and
water to carry away finer particles. Reworked loess material is commonly mixed with the alluvium.

QUATERNARY VOLCANICS

Alluvial Plains

Granites which are younger than the Yemen Volcanics,
and volcanoes whose cones are still intact, are present
throughout Yemen. The granites contain tourmaline and
amphibole crystals. The volcanoes are basaltic and are
often enclosed in layers of tuff. The most recent volcanism
is located in the Dhamar-Rada area.

Alluvial plains form in broad, flat areas of low relief on
the Tihama and in mountain valleys. The processes of
sediment deposition which form alluvial plains are similar
to those which form wadis. The sediments, however, are
generally finer in texture than those in the active wadi beds
and are spread over a much larger area. The source of the
sediments is the weathering debris from the highlands
mixed with reworked alluvial loess.

Quaternary Alluvial Deposits
Quaternary alluvial deposits are divided on the basis of
their mode of transportation into wind-laid (aeolian) and
water-laid (fluvial) deposits.

Topographic Relationships
Topographic relationships between the landform
regions are shown in Figure 1.2.
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Figure 1.2: Two typical topographic cross-sections for Yemen.

The sources used for the preparation of this figure were
the USGS 1:500,000 geologic and geographic maps
(Grolier and Overstreet, 1978), which used Landsat
imagery as their base. Selected areas were also examined
with airphotos at 1:60,000 scale, obtained from the
Resource Information Laboratory at Cornell University.
The country was divided into seven areas, with as many
subdivisions as necessary. These are: Precambrian shield
areas, sedimentary rock areas, the Yemen volcanics area,
recent basalt flows, loess deposits, the coastal area, and
inland alluvium.

Genesis and Classification of
Soils
Genetic Processes Affecting Soil
Relationships In Yemen
The genesis of the soils of Yemen is influenced primarily
by six natural processes and two man-induced processes.

These processes result in the accumulation of soil parent
material and in the formation of the soil itself. The natural
processes which result in the accumulation of soil parent
material are: aeolian deposition, desert sedimentation,
colluvial deposition, and combinations of these three
processes. The natural processes which affect soil formation in Yemen are: intermittent, low levels of soil leaching
and the low level of organic matter accumulation. The
man-induced process affecting parent material formation
is the accumulation of sediment through terracing and
irrigation. The man-induced soil-forming processes are the
leaching of soil parent material by irrigation and the accumulation of organic material by cropping.

NATURAL PROCESSES

Parent Material Formation
Parent material formation is the accumulation of inorganic sediments which have the potential to form soils by
geologic processes.
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Figure 1.3: The Yerim loessal plain.
Aeolian Deposition: Aeolian transport and deposition of
soil parent materials has been and still is an important
factor of soil genesis in Yemen. The wind has deposited
soil parent material in two forms: as loess and as dunes.
Large and widespread deposits of loess are observed
throughout Yemen. Recent and ancient dunes are a
predominant feature of the Tihama coastal area.
Loess: In the mountains most of the aeolian material is
silt and clay-size calcareous loess. This loess orginates
either locally or from the Rub Al Khali and Sahara deserts.

Ü Ü

LOESS

B B H | ALLUVIAL SEDIMENTS

Field and airphoto observations show that deep loess
deposits have accumulated in broad areas of low relief. In
steep mountain areas, loess is deposited in valleys at least
2km wide. Larger loess deposits such as the Yerim plain
(140km northwest of Taizz) appear to be graben areas
filled with thick wind-blown sediments (Figures 1.3 and
1.4). On steep slopes and in wadi flats, the loess is
reworked and transported by water. Aeolian-deposited
loess layers are not observed on steep topography or in
wadi bottoms.
Dunes: On the Tihama, sand and loess from the wadi
beds are moved by the wind. Barchan and longitudinal
dunes are frequently observed in the areas between wadis.
Dunes grow, driven by prevailing winds from the Red Sea.
Soil profile development is slow in these areas of shifting
sand and loess.

\//[

VOLCANIC BEDROCK

Figure 1.4: Graben area filled with thick wind-blown
sediments.
Sand and silt dunes are presently encroaching on many
cultivated areas in the wadis on the Tihama (Figures 1.5
and 1.6). This sediment transport has no doubt been
important in the past also. Much arable land is lost each
year by this encroachment, and local farmers must create
new farmland in stabilized areas.
Fluvial Sedimentation: Sedimentation by water is important both along wadis and on intermountain plains.
Wadis: Sedimentary processes are particularly active
along wadis. Sedimentation accounts for the layering and
thin-bedding of many wadi soils. This is observed at the
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Figure 1.5: The Tihama near Wadi Zabid.
In an east-west transect along the Wadi Zabid from the
volcanic mountains to the Red Sea, another sequence of
sediments is observed (Figure 1.8). In general, materials
become finer westward from the mountains until a zone of
recent sedimentary marine deposits is reached near the
Red Sea. This sequence of soil parent materials appears
typical for the Tihama as a whole.

Figure 1.6: Dunes encroaching on wadi cultivated areas in
the Tihama.
wadis on the Tihama and in large inland basins, such as
Qa'Jahran (the area north of Dhamar). Large areas of soils
in the inland plains also appear to have deep caps of more
recent wind- and water-deposited material. In all of these
areas, the most striking differentiation of the soil profiles is
produced by fluvial sedimentation.
In a transect across Wadi Zabid (Figure 1.7) several
levels of natural alluvial terraces, each with distinct
textural compositions, are observed. The older, more
extensive terraces contain less sorted, coarser materials
(gravel and small boulders) while younger, less extensive
terraces are typically better sorted and finer in texture.
Textures of soils near the border of dune fields and wadis
are coarse. Textures become finer towards the interior of
the wadi.

Intermountain Plains: In Qa'Jahran (the Dhamar
Plain) extensive lacustrine deposits (Acres, 1980) are
observed. These deposits suggest a previous wetter
climate and/or restricted drainage in the horst and graben
landscape. The lacustrine sediments are typically covered
with a thin, more recently deposited loess cap (Figure 1.9).
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Figure 1.7: A north-south cross-section of Wadi Zabid.

