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Preliminary Engineering Geologic Report on Selection of Urban Sites
in the Federal Capital Territory, Nigeria
By John R. Ege
Wallace R. Griffitts
William C. Overstreet
U. S. Geological Survey
SUMMARY
At the request of the Nigerian Federal Capital Development Authority
(FCDA), the U.S. Geological Survey (USGS) undertook a reconnaissance
geologic investigation in the Federal Capital Territory (FCT) in

2 , to provide geologic,

south-central Nigeria, an area of 7,700 km
engineering, and hydrologic data for use in the selection of a site
for the proposed new National Capital of Nigeria. Reconnaissance field
mapping by a team of USGS and Nigerian Geological Survey (NGS) geologists
was started on March 17, 1977, and completed on June 1, 1977.

Most of the FCT is underlain by crystalline igneous and metamorphic
rocks of Precambrian age. Sandstone and claystone of Cretaceous age
overlie Precambrian rocks in much of the southwestern part of the Territory.
Laterite of probable Tertiary age caps many hills of Cretaceous rocks and
some hills of Precambrian rock farther north, and crops out near banks of
streams in the eastern and northeastern plains. Alluvial sediments are
found in the beds of all streams, but are of mappable size only along a few
of the largest rivers. The most conspicuous structural features are a broad
"U"~shaped fold traversing the eastern and central part of the Territory
and a north-trending shear zone along the eastern boundary of the FCT.

The principal physiographic elements of the FCT are hills, plains,

and the Gurara River along the western boundary of the Territory. Hills



in the north are the highest in the Territory, reaching 1,200 m in
altitude. Heights decrease toward the south and west, and broad plains

at altitudes around 200 m occupy the central and western part of the area.
Flat-topped hills rising 300-400 m are a distinctive topographic feature
in the south. Most of the streams drain into the Gurara River except

in the extreme east where they enter the Koto Rive;, a tributary to the
Benue River.

The soils in the FCT are laterite soils; they were mapped and
categorized on the basis of field tests according to the Unified Soil
Classification System. Shear strengths were estimated in place by
penetration tests. The soils fall into two general groups. The first group
comprises poorly to well-graded sand and silty-sand soils (SW, SP, SM),
which cover a major part of the Territory, provide good drainage, and
provide excellent foundation material for engineering structures. The
second consists of clayey sand and sand-clay mixtures (SC), which overlie
the Cretaceous rocks in the southwest and metamorphic mica-rich schists
in the southeast, have lower permeability and poorer drainage, and are less
desirable as a foundation material.

The rock in the FCT was mapped, field teéted by Schmidt hammer,
and classified for its engineering properties on the basis of lithology,
discontinuities, and compressive strength. The rocks are divided into
three major engineering categories: (1) medium- to high-strength,
massive and gneissic rock, (2) low- to medium-strength bedded rock, and
(3) low-strength foliated and sheared rock. Category 2 rocks represent
the Cretaceous Nupe Group sedimentary rocks of the southwest, and category 3
rocks belong to low-strength and faulted metasedimentary rocks located in the
southeast. The category 1 rocks underlie the rest of the FCT.
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Naturally occurring construction materials are not abundant.
Alluvial and terrace sands occur in the southern reaches of the
Gurara River. C(Coarse aggregate and riprap can be quarried from
granite hills in the northern part of the FCT, and sand from the
Nupe sandstone in the southwest. Fresh granite, gabbro, and the
stronger un;eathered metamorphic rocks can be cut for building
stone. Clay-rich beds in the Nupe Group and some residual clays in
the southeastern part of the FCT may be suitable for the manufacture
of bricks and other ceramic products.

An area of about 800 square kilometers in the Federal Capital
Territory is apparently free from potential geologic hazards, is
underlain by ﬁénerally competent crystalline rock covered by nonclayey
sand sz;gf; and is suitable for construction of a capital city, its
qpyiég:s, and supporting facilities. The area is bounded on the west
by the Gurara River, on the east approximately by long. 7°15' E., on
the north by lat. 9°10' N., and on the south by lat. 8°50' N. The
rather flat area and the hills to the east and low mountains with inter-
mountain plains to the south can provide é wide range of attractive
settings for a capital metropolitan complex. The area west of the
viilage of Gwagwalada (lat. 8°56' N., long. 7°05' E.) and north of the
Usuman River has adequate flat space and approaches for an airport. No
historical earthquakes have been recorded in the FCT. The closgst
recorded earthquake was located about 1,000 km to the west near Accra,

Ghana.



Large-scale topographic and engtering gdiildsic maps (1:10,000)
y

should be made of any area tentative “ selectd F the capital site
and its environs. Exploratory borings should be systematically located
in the selected areas to test for soil and rock types, depth of rock
weathering or alteration, and structural competency of the rock. Engineer-
ing properties of soil, rock, and aggregate should be determined by
laboratory tests. Geologic, engineering, physical property, and
related data should be placed in computer storage. Low-altitude large-
scale (1:2,500) photogrammetric-quality aerial photographs should be
taken of the selected areas for use in detailed engineering planning,
surveying, aﬁd developing sources of aggregate and building materials.
Geophysical surveys (seismic and resistivity) should be conducted to
determine depth of soil and w??thering and distance to fresh bedrock, and
to provide a profile of rock §nd soil properties. Geomechanics investi-
gations, including state of é%ress measurements, should be made where
very large engineering structures or sensitive military installations are
to be built. Environmental impact studies and programs should be
established to minimize deterioration of the environment by urbanization
of the region and to prevent culturally accelerated erosion of the
Territory.

Recommendations for a program of water resources investigations have

been submitted to the FCDA in a separate report by a separate team of

USGS water resource specialists.



INTRODUCTION
Location

The Federal Capital Territory (FCT) comprises an area of 7,700 km?  in
south-central Nigeria having a midpoint at lat. 8°55' N. and long. 7°11" E.
(fig. 1). The southwestern corner of the Territory is about 68 km north
of the confluence of the Niger and Benue Rivers; the western edge of the
Territory extends northward for 90 km immediately west of the Gurara River,
a south-flowing tributary to the Niger.

Purpose and method of study

A reconnaissance study of the Federal Capital Territory was undertaken
upon the request of the Nigerian Federal Capital Development Authority (FCDA)
for the U.S. Geological Survey (USGS) to provide geologic and hydrologic
data that could be used in selecting a site for the proposed new National
National Capital of Nigeria. The program was managed by Mr. I. J. Ebong,
Executive Secretary of the FCDA, and Prince Awa-Ekpo, Principal Assistant
Secretary.

Administrative contacts with Nigerian and United States officials in
preparation for field operations were completed by William C. Overstreet,
chief of party, Lee L. Benton, and Wallace R. Griffitts between February 7

and March 16, 1977. Preliminary field work started on March 17, after
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W. C. Overstreet and W, R. Griffitts arrived at Abuja, the field station.
They were joined by John R. Ege on March 26. On April 1 intensive geologic
field work began, using two Alouette III helicopters provided by Aero Contractors
Company of Nigeria, under contract with the FCDA. The contractor provided
full crews of pilots, mechanics, and radiomen, and furnished maintenance
and fuel. On April 22, Frank D. Spencer arrived in Abuja to fill the position
of logistics manager.
Between April 1 and June 1 the geologic mapping was done from helicopters.
The rock units were traced from the air, and landings were frequent to permit
closer examination of the rocks, to measure structures, or to take samples.
The helicopter field work was preceeded by examination of aerial photographs,
which also served as a base on which to plot observations where no topographic
map was available. Between June 1 and June 8, maps were compiled and preliminary
coplies were submitted to the FCDA and to the Nigerian Geological Survey (NGS).
Water supply for the FCT is discussed in a separate USGS report by L. R. Peterson
and Gerald Meyer (1977).
Overstreet, Griffitts, and Ege had primary responsibility for compiling
the maps of surficial features, bedrock geology, and engineering properties,
(figs. 2-5) respectively, and also for preparing the corresponding parts of the
report. Each geologist, however, contributed to all phases of the program.
Physical properties of soils were determined in a field laboratory
in Abuja, and checked by determinations of some samples in the USGS
laboratory in Denver, Colo. The strength of rocks w;s measured in place with

a Schmidt hammer and the bearing strength of soils was determined, also in place,



with a penetrometer. The field-laboratory determinations were made by
J. R. Ege and by Njoku Imo and L. B. Chibogu, NGS, under Ege's supervision.
Njoku Imo, L. B. Chibogu, and A. A. Obiabaka also worked with W. R. Griffitts
to separate heavy minerals from sediment samples. These ultimately will be the
basis of a geochemical and mineralogical reconnaissance of the Capital Territory.
During field work, field observations were recorded on a planimetric map,
scale 1:100,000, published by the Nigerian Federal Surveys. A geographic map
and a land-use map of the FCT, using Landsat band 7 image 1520-09181 as the
image base, were prepared cooperatively by the USGS and NGS as part of this
program, and have been published by the FCDA (Federal Capital Development
Authority, 1977 a, b,). The surficial geology and engineering geology have been
adjusted to and are published on the Landsat-image geographic base. The bedrock
geology is being published in preliminary form on the planimetric base of the
Nigeria Federal Surveys; publication on the Landsat base is planned when
adjustment of the geologic boundaries to the Landsat-image base is completed.
Side look radar (SLAR) strips and mosaics provided by the Federal
Department of Forestry, Ibadan, of the FCT yielded much information about
surface and bedrock features that has been incorporated into the surficial,
bedrock, and engineering geologic maps.

Acknowledgments

Local support for the field operation was given by His Excellency,
the Emir of Abuja, Alhahji Suleiman Baro, the Secretary of the Local
Government Secretariat, Mr. Abdu Ladan, and the Divisional Engineer,
Ministry of Works and Housing, Mr. M. T. Barau. Captain E. T. Dowyaro,

Commanding Officer, 30th Heavy Artillery Regiment, Nigerian Army, and staff



officers Lt. M. V. K. Kikiowo and Lt. A. J. Anetor allowed part of the
Abuja barracks to be used as a helicopter base and provided a secure site
for the necessary fuel dump. Finally, Mr. Haruna Tenimo, Abuja Station
Manager for the FCDA, provided a wide variety of services to support the
technical staff.

Through the initiative of Dr. C. N. Okezie, Director, and the effective
efforts of Mr. J. I. Nehikhare, Principal Geologist, Mr. E. 0. G. Muotoh,
Senior Geologist, and Mr. J. D. Anozie, Mapping Coordinator, all of the
Geological Survey of Nigeria, many Nigerian geologists joined the three
authors in Abuja. Three of these, A. A. Obiabaka, N. I. Uduezue, and
P. 0. Ajayi, were engaged at least intermittently in the work from March 7
to June 1. Other geologists worked on the project for shorter times, providing
the map information which they had previously obtained in the region and
working with the long-term project participants to supplement it. These
geologists were 0. Ogedengbe, N. E. Ayi, E. Okosun, S. Adeyemi, N. 0.
Okoye, M. I. Odigi, B. Emeronye, B. P. Solomon, and A. C. Nnolim. The
specific areas mapped by each of the geologists are shown in the index
on figure 2, the geologic map.

BEDROCK GEOLOGY

Most of the Federal Capital Territory is underlain by crystalline
igneous and metamorphic rocks of Precambrian age, as shown on the
geologic map (fig. 2). Sandstone and claystone of Cretaceous age are
widespread in the southwestern part of the Territory. Laterite, probably
of Tertiary age, caps many hills of Cretaceous rocks and fewer hills of
Precambrian rocks farther north. Laterite also crops out near the banks
of streams in the eastern and northeastern plains.
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An older Precambrian unit of metamorphosed sedimentary rocks is
intruded by younger Precambrian igneous rocks. The metamorphosed
sedimentary rocks form an arcuate structure that extends from the north-
'eastern part of the area along the eastern and southern sides of the
Territory, thence strikes northward into the west-central part of the
Territory. This unit consists of quartzite, quartz-muscovite schist,
muscovite schist, muscovite-biotite schist, biotite schist, biotite
gneiss, migmatite, and marble, which define a large synformal structure
that plunges north. The northern extension of the keel of this structure
is intruded by plutons of biotite granite, porphyritic granite and sparse
small plugs of diorite, gabbro, and syenite.

Overlying these crystalline Precambrian rocks are almost flat-lying
sandstone and claystone of the Nupe Group of Cretaceous age. These
sedimentary rocks are part of the Niger River embayment and occupy a graben
in the crystalline rocks.

A major shear zone extends north-northeast in the Precambrian rocks
along the eastern border of the Territory, and a similar trending but
less conspicuous fault zone enters the northern part of the Territory
near Abuja. Other prominent faults in the Precambrian rocks strike
toward the northwest, northeast, and east; all these trends also
charactgrize faults in the Cretaceous sedimentary rocks. Whereas
horizontal dislocation is apparent along the faults in the Pre-
cambrian rocks, small vertical offset is the prevailing motion along the

faults in the Cretaceous rocks.
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Precambrian rocks

Metamorphic rocks

All the metamorphic rocks of the FCT have been altered greatly from
their original form by changes that have been imposed over more than one
episode. The older unit of metamorphic rocks in the FCT can be separated into
two broad classes: (1) those rocks that were subjected to heating but minimum
deformation, and retain enough of their original features to indicate their
genesis, and (2) those rocks whose original features and origin are
obscured by additional metamorphism and strong deformation.

Among category 1 metamorphic rocks are quartzite and marble beds
that once were sandstone and limestone. Closely associated with these
rocks are white mica schist and quartz-mica schist that represent kaolinitic
and illitic clays. The mica schists grade into biotite-muscovite schists that
contain minor quartzite and are derived from clays that were richer in magnesium
and iron. Although the granitic gneiss is similar to many granitic rocks in
composition, differing mainly in structure, it contains layers of schist and
quartzite that suggest it was derived, at least in part, from sedimentary rocks.

Category 2 rocks, derived from category 1l rocks by further episodes
of metamorphism, include porphyroblastic gneiss, banded gneiss, and migmatite.
Under the conditions of metamorphism, alkalies and other chemical elements
in the rock were mobilized, and scattered crystals of feldspar in some schists
and gneiss grew in size to form porphyroblastic gneiss. 1In other places
layers or bands of light-colored feldspathic material were injected into the

host rock. During deformation, where injected material followed parallel
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surfaces, banded gneiss resulted. If injected material entered rocks
undergoing plastic deformation, migmatite resulted. The shapes of category
2 rocks are irregular and their contacts may cut across rocks of category 1.

During mapping of metamorphic rocks, certain index minerals that are
commonly associated with intensity of metamorphism were looked for. Garnet,
kyanite, staurolite, and sillimanite are common high metamorphic index
minerals. Red garnet was identified at about a dozen places. The aluminous
minerals kyanite, sillimanite, and staurolite were not recognized in
outcrop, but this may have been because the mineral grains are too small or
are present in amounts too small to be seen by the unaided eye.

Stream sediment samples were gathered throughout the FCT for heavy
mineral studies to supplement field mapping. A cursory examination of
concentrates from these samples shows that garnét is present throughout the
FCT. Most of the samples that contain coarse spherical garnet also contain
staurolite; staurolite is also present in some samples containing finer
grained garnet. Traces of sillimanite occur in samples taken near the
granitic intrusives in the northeast corner of the FCT. This suggests
that an increase in intensity of metamorphism accompanied emplacement
of the granite.

Dark-brown tourmaline was found in most sample concentrates and
in some cases was the dominant mineral. In outcrop tourmaline minerals
occur in quartz veins as crystals 5 mm thick or more, or in rocks that

consist largely of very fine silky fibers of tourmaline.
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Quartzite.--Quartzite is widespread in the southern and eastern parts of
the Territory, but few beds are of mappable size. Most beds are only a
few centimeters thick and not more than a few meters long. A few beds are
several meters thick and 8 km or more long. The rock is white, light gray,
or various shades of red or brown, the darkness increasing with the iron
content. Some layers are entirely quartz. These are separated by layers of
mica schist. In some outcrops the quartz-rich layers contain fine mica
flakes, wisps, and irregular layers,

The quartzite is commonly associated with mica schist, either white-
mica schist as in the southwestern part of the Territory, or biotite-
muscovite schist as in the eastern part. In either place the quartzite
beds are parallel to the cleavage of the neighboring schist. Several
large masses of quartzite are in biotite-rich granitic gneiss near the
center of the Territory, and a quartzite mass is in migmatite farther
northwest, north of Kwali. Similar rocks crop out in other places in
the Territory.

Quartzite is the hardest and most brittle rock in the Territory. Where
not tectonically shattered, it may yield flagstone or silica for refractory
brick.

Marble.-- Marble beds, not more than 30 m thick, are enclosed in mica
schist in the east-central part of the Territory. Three outcrops near Kusaki,
are shown on fig. 2; others are reported farther north. The rock is
moderately fine grained; individual particles generally are smaller than
1 mm. At the surface some of the rock is crumbly, but this may not persist
in depth.

13



Amphibolite is associated with the marble, which suggests that the
marble, too, may contain substantial amounts of magnesium. Fine-grained
garnet rock was found near the southernmost marble outcrop near Kusaki.
This rock is light brown and has a sugary texture, being made up of roughly
equant garnet grains 1/4 to 1/2 mm in diameter. Black stains are common
weathering products, reflecting the manganese content of the brown garnet.
Similar rock was found in a few other places where marble was not known
to occur.

Amphibolite and hornblende schist.--Amphibolite and hornblende schist do

not form extensive outcrops in the Territory; bodies of mappable size were
found only in the northwestern part. Small amounts of amphibolite are
associated with marble in the eastern part of the Territory and amphibolite
forms the dark component of banded gneiss and migmatite in some places, but not
over large areas.

The amphibolite and hornblende schist are characterized by a high
content of hornblende; hence they are dark-colored rocks. 1In the
amphibolite the black hornblende grains are intermingled with gray to
white feldspar grains. Feldspar is not prominent in the hornblende
schists. The mineral grains generally are about 2 mm long. Small
bodies of amphibolite associated with marble or in migmatite are much
 coarser, with hornblende grains as long as 5 mm.

Muscovite and quartz-muscovite schist.--Muscovite and quartz-muscovite

schist are widespread in the southern and western parts of the Territory.
They are distinguished by the presence of bright, shiny, light-colored flakes
of muscovite as a dominant constituent. These flakes may be so tiny as to be

difficult to see, or they may be several millimeters across. In either case,
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they are parallel to one another, causing the rocks to split readily along
parallel planes. With increasing quartz content, the rock may become harder,
or it may become crumbly, disintegrating into micaceous sand when struck with
a hammer,

Muscovite schist is one of the less satisfactory foundation materials
in the Territory; the rock has no value as a building stone. Mica can be
washed out of crumbly or soft schist for use as filler in rubber, coatings
on asphalt roofing, and in reflecting paints.

Biotite-muscovite schist.--Biotite-muscovite schist is most widespread

in the eastern part of the Territory. The two micas are the most distinctive
components and vary from place to place in relative abundance. Inasmuch as
biotite weathers much more readily than muscovite, the apparent muscovite content
may be high in surface materials. This is evident in the broad schist belt near
the eastern edge of the Territory, where the weathered rocks at the hill tops
look like muscovite schist, and the rock low on the hillsides is darker

and more massive. In places the rock is feldspathic and may approach

granitic gneiss in character. The broad eastern belt of biotite-muscovite
schist contains vertical or steep layers of banded or granitic gneiss,

generally thinner than a few meters, that probably represent zones of

tectonic movement in the shear zone.

Granitic gneiss.-- Granitic gneiss is a gray rock similar to granite in

composition having a marked layering and parallel alignment of biotite flakes.
It generally contains substantially more biotite than most granite. In most

places this biotite is rather evenly distributed through the rock. 1In other
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places, biotite is in part concentrated into layers of biotite schist that
are interlayered with more normal granitic gneiss. Rocks that contain such
biotite-rich layers are distinguished on figure 2 by a series of dashes from
areas otherwise indicated to be underlain by granitic gneiss.

Both the granitic gneiss and biotite-rich gneiss are strong, and weather
to give sandy well-drained soils.

Porphyroblastic gneiss.--Porphyroblastic gneiss is characterized by isolated

crystals of feldspar imbedded in a matrix of schist or one of the varieties

of gneiss. The rock also lacks the irregular, light feldspar-rich bands

found in migmatite, or the parallel, sharply bounded light bands of

banded gneiss, both of which also commonly contain porphyroblasts. The overall
nature of the porphyroblastic gneiss differs markedly from place to place,
reflecting differences in the primary rock in which the porphyroblasts have
grown. From a technological standpoint, these relict features are more
important than the presence of porphyroblasts.

Migmatite.--Migmatite is one of the most widespread rocks in the
Territory. Its character varies greatly from place to place, inasmuch as it
is, by definition, a mixture of younger light-colored rock and a darker
older rock. The light-colored material commonly forms granitic layers and
lenses, but much of it is coarser-grained feldspar and quartz. Layers
of these light rocks do not form long parallel stripes on outcrop as do

those of the banded gneiss, but are discontinuous, contorted, and pinch
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and swell markedly. The darker, enclosing layers are most commonly schistose
and rich in biotite. Less commonly they are hornblendic granitic gneiss,

The light layers locally contain fragments that resemble the darker neighboring
layers. This varied lithology probably reflects the wide range of older
metamorphic rocks that were impregnated with feldspathic material to form
migmatite. The irregularity of banding, contortion of bands, and inclusion

of fragments of older dark rock in newer young rock indicates that migmatite
formed during plastic deformation.

Banded gneiss.--Banded gneiss is widespread in the eastern part of the FCT

and moderately extensive in the western part, but is abgent in the central
part of the Territory. The rock forms long narrow bands in the eastern area,
trending about N. 10°-30°E. In the western area the masses are more nearly
equidimensional and are not consistently oriented.

The nature of the eastern banded gneiss reflects its position
in a regional shear zone. It contains persistent sharply bounded layers
of light-colored feldspathic rock separated by dark layers. Most dark
layers are rich in micas and are remnants of the original schist that was
injected by the light feldspathic material. Rather uncommonly the dark
layers are rich in hornblende, where the original rock was hornblende
schist or amphibolite. The dark layers, especially where rich in mica,
may contain porphyroblasts of feldspar. The porphyroblasts tend to be
imperfectly formed crystals, the imperfections ranging from rounded corners
to elimination of the crystal outline entirely, producing a lens-shaped

white spot.
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In the western part of the Territory the banded gneiss layers are
thicker than those in the eastern gneiss, the minerals are less well
segregated into light and dark layers, and the layers are not as sharply
bounded. 1In a few places a lighter layer contains pebblelike ovoids
similar in lithology to the neighboring darker layers. It is likely that some
of the layers are sedimentary beds. The darker layers contain much biotite
and lesser hornblende. These layers locally also contain porphyroblasts of
feldspar that have recognizable bounding crystal faces and show little
evidence of deformation.

Serpentinite.--Serpentinite has been found in one place near the eastern

boundary of the Territory. It is a very fine-grained green to yellowish-green
rock having an oily or greasy luster. The green serpentine minerals contain
scattered black sand-sized grains of ilmenite or chromite. Serpentinite
weathers to yield a very rough, spongelike surface, but the rock itself
does not soften much at the surface. The single outcrop is along the
edges of a hard, iron-rich layer of laterite that may have developed from
the serpentinite. The serpentinite itself probably is an altered mafic
igneous rock.

Serpentinite is used as an ornamental stone, but is so soft that it
is not suitable for floors or other uses subject to strong abrasion. It
is unlikely that the isolated serpentinite body in the Territory would
yield large blocks or be an economical source of terrazzo. It is an
uncommon rock, having been found in only one other place in Nigeria.

Talc schist.--Talc schist is found in several bodies, the largest one

in the northwestern part of the Territory. It is a flaky rock, gray, greenish
gray, or brown in color, and has a greasy or soapy feel. The characteristic
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minerals are talc and minor chlorite. Other magnesium-rich silicate
minerals may also be present, along with opaque black oxide minerals.
The talc schist probably also is altered ultramafic igneous rock; it
might be used in such domestic activities as polishing rice.
Igneous rocks

Coarse porphyritic granite.--Coarse porphyritic granite forms several large

intrusive masses in the northern part of the Territory. Most of the masses
have smooth margins and are elliptical in shape, but there are a few dike-like
protuberances.

The phenocrysts locally are parallel to one another, but no attempt was
made to map flow structures. The larger intrusive masses are not homogeneous,
but have porphyritic marginal parts and equigranular, very coarse grained
centers. Some of the dark mineral grains in the coarse-grained porphyritic
granite, particularly in the northwestern part of the territory, are horn-
blende, and the rock is a biotite-hornblende granite. Small dikes of
quartz-feldspar pegmatite are near the middle of the large mass at the
northeastern corner of the Territory.

Fine- to medium-grained granite.--The fine- to medium-grained granite is a

gray rock containing biotite, feldspar, and quartz, in particles 1-3 mm across.
The rock is generally massive, with little planar structure or cleavage. The
largest bodies are bounded at least on one side by gneissic rock, as in the
north-central and northwestern parts of the Territory. Smaller bodies are
either in gneiss or in coarse porphyritic granite.

Charnockite is a variety of granite that contains pyroxene as its dark
mineral. This difference markedly changes the characteristics of the rock.
It crops out, like syenite, as a hill of boulders instead of in bare domes, as
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does normal granite. The rock is dark colored and commonly brownish. It is
a rather minor rock in the Territory, but probably could be used for crushed
rock if needed.

Syenite forms rather small bodies in the northwestern part of the
Territory. 1Its outcrop areas tend to be hills of boulders instead of bare
and solid rock. The syenite is a medium-grained, light-pink to light-
gray rock made up almost entirely of feldspar, with very little dark
material. Mostly eguigranular and massive, it locally contains small
feldspar phenocrysts. A light-gray local variant intermixed with the
light-pink syenite contains 5-10 percent of pyroxene. It grades by
increase in dark minerals into dark-gray biotite-hornblende diorite.

Gabbro and diorite.--Gabbro and diorite are rather dark rocks that

are composed of various proportions of black hornblende or pyroxene and
gray plagioclase feldspar. On weathered outcrops the rocks are brown or
brownish gray, but on fresh surfaces they are gray. Individual mineral
grains are a fraction of a millimeter to 5 mm long. In some intrusive
masses the texture is uniform; in others, such as the large one near
Karshi near the eastern boundary of the Territory, the size and arrangement
of mineral grains varies markedly from place to place.

The rocks are dark in color, hard and tough, may make excellent
aggregate for concrete, and generally can be polished readily.

Jurassic Rhyolite.--Rhyolite forms a swarm of dikes along the western

boundary of the Territory and small round intrusives in the north-central
part. It is a fine-grained rock, most commonly consisting of phenocrysts

of feldspar and quartz embedded in a very fine grained or porcellaneous

20



matrix in which individual grains are of microscopic size. A rhyolite
breccia from a plug near Karsana (lat. 9°07' N., Long. 7°21' E.) was

studied in the laboratory of the USGS. Thin-section examination showed that
phenocrysts of potassium feldspar, plagioclase, and quartz are in a fine-
grained groundmass that has been altered, with the formation of stubby
amphibole grains and abundant small biotite flakes. A chemical analysis
(table 1) showed only 61.5 percent SiOj, too low for a rhyolite, and

too little K 20 in proportion to Na, O; so the rock may be a latite or

or dacite. This illustrates the difficulty of classifying fine-grained
rocks in the field. A spectrographic analxsis (table 2) showed no unusual
concentrations of ore metals. A K-ar radiogenic age determination (tables 1,
2) indicates a Jurassic age of 179.6 m.y. + 10.6 m.y., similar to that of
some granites of the Jos Plateau.

Cretaceous sedimentary rocks

Sandstone and claystone of Cretaceous age occupy large areas in the
southern and southwestern parts of the Territory. The sandstone beds are
as much as 10 m thick and consist predominantly of fine- to medium-
grained sand-sized grains. Some beds contain granules of quartz as much
as 1 cm across; less common conglomerates contain pebbles a few centi-
meters across. The sandstone beds are commonly impregnated with limonite
("ferruginized"), by some process related to development of the laterite
caps found on many of the hills.

The claystone layers are comparable in thickness to the sandstone beds.

The clay is nonfissile and white or gray to light brown in color.
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TABLE 1. CHEMICAL ANALYSIS OF RHYOLITE SAMPLE
FEDERAL CAPITAL TERRITORY, NIGERIA

[(Lat. N. 9°07', Long. E. 7921'). K-Ar age determination on K-feldspar
gives sample age of 179.6 m.y. + 10.6 m.y. (+ 20)]

(Analysis by U. S. Geological Survey)

Major Elements

Element Amount
(percent)

810, 61.5
A1203 13.9
FeO 6.7
Mg0 1.9
Ca0 3.5
Na20 4, 6
K70 3.8
H20 + 0.69
P205 0.41
MnO 0.10
C02 0.2
SUM 100.
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TABLE 2, SPECTROGRAPHIC ANALYSIS OF RHYOLITE SAMPLE
FEDERAL CAPITAL TERRITORY, NIGERIA

[(Lat. N. 9°07', Long. E. 7°21'). K-Ar determination on K-feldspar
gives sample age of 179.6 m.y. * 10.6 m.y. (+ 20)]

(Analysis by U. S. Geological Survey)

Minor Elements

Element Amount Element Amount

(ppm) (ppm)
Ag < 0.1 Md 96.0
As < 150.0 Mi 31.0
Au < 10.0 Os <10.0
B < 15.0 Pb 13.0
Ba 470.0 pd <1.5
Be 11.0 Pr < 68.0
Bi < 22.0 Pt <6.8
Cd < 32.0 Re < 10.0
Ce 220.0 Rh <1.0
Co 13.0 Ru <3.2
Cr 39.0 Sb <100.0
Cu 10.0 Sc 18.0
Dy < 32.0 Sm < 46.0
Er < 10.0 Sh 18.0
Eu 3.5 St 190.0
Ga 48.0 Ta < 320.0
Gd 16.0 b <32.0
Ge < 4.6 Th <22.0
Hf < 100.0 T1 < 10.0
Ho < 10.0 Tm <4.6
Ih < 6.8 U < 320.0
Ir < 15.0 v 80.0
La 93.0 W <10.0
Li < 68.0 Y 100.0
Lu < 22.0 Yb 12.0
¥n 1200.0 Zh 110.0
Mo 7.0 zr 1000.0
Mb 78.0
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Tertiary laterite

Only hard, brown, iron-rich laterite is shown on figure 2. It is most
prominent as flat-lying caps on hills of sandstone and claystone or, less
commonly, of crystalline rocks. These caps are generally 3 m in thickness,
and locally as much as 10 m thick. Composed mainly of limonite, they
contain angular pieces of quartz, or locally other rocks.

Less prominent are the thinner ledges of laterite that crop out in the
plains, especially along the hillsides flanking streams. These may be
separated from the underlying hard rock by a few meters of clay, or they
may lie directly upon hard rock. The limonite-rich layers probably do
not continue far under the hill in most of the plains, and hard rock
outcrops are moderately common.

Associated with the laterite--either below it or laterally away from
the hard outcrops--are red to pink, rather poorly plastic clays. In places
the clay is several meters thick. It is the source of clay for building the
village houses and provides surfacing material for trails and roads. Some of
the clayey material hardens upon exposure to the air, but it does not become
as hard as the iron-rich laterite.

The most promiqent laterites were formed long ago, in Tertiary time, but
movement of iron and presumably other components of the laterite has continued
until recent time.

Quaternary alluvium

Alluvial sediments are found in the beds of all the streams in the Territory,
but they are mappable only along a few of the largest rivers. The sediment
consists very largely of sand. Gravel beds are rare, and clay is only present

locally.
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Geologic structure

The most conspicuous structural features in the crystalline rocks of
the FCT are the northerly trends of the rocks near the eastern and western
boundaries, and the easterly trends in the central area. These reflect
the presence of a broad "U"-shaped fold and a north-trending shear zone
along its eastern limb. A smaller north-trending shear zone is just west
of Abuja. Many faults and fractures that trend northwest cut the other
structures and must, therefore, be younger.

Central fold

The central "U"-shaped fold is outlined by the mica schist, as it curves
from northerly trends of the western limb through easterly trends in the
central area to northerly trends of the eastern limb. The strata generally
dip toward the center of the structure, indicating that it is a northward-
plunging synclinal trough. Westerly dips at the western boundary of the
Territory indicate overturning or complex folding in that area.

Eastern shear zone

The shear zone along the eastern boundary of the Territory is a major
regional tectonic feature, persisting for many tens of kilometers. It
broadens and changes in character southward. Near the northeastern corner
of the Capital Territory it is only a few kilometers wide. The rocks in
it are gneisses that contain lenses of white quartz and feldspar as much as
3 cm in length set in a strongly fol<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>