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ABSTRACT

Geological mapping of the Arufu-Akwana-Ugba area of the Middle
Benue Trough indicates that it consists of Cretaceous sediments
deposited in a series of depressions formed by the defferential
subsidence of the Pan-African basement confined by the trough.
Some of these sediments are continental in origin and may have fluvio-

deltaic members while the majority are marine

Inside the trough isolated differentially faulted blocks outcrop at
the present erosion level as horst-like inliers, sometimes in the form
of ridges which are separated by narrow local basins filled with
sedimentary series upto 3,000 metres thick. Both the inliers and the
sediments are elongated along the NE-SW direction of the main axis of

the trough.

Among the sediments the oldest is the Pre-Asu River Sediments
which are Pre-Aptian in age, and intruded by Aptian rhyolitic sills,
while unconformably resting on the Basement Complex. The succeeding
Asu River Croup consists of two formations, namely, the Middle-Upper
Albian coral - and mollusc-bearing shallow marine Uomba Formation
consisting of limestones, shales and siltstones, and Late Albian to
Early Cenomanian Awe Formation which marks the beginning of the
regressive phase of the Albian sea, with transition beds of shales and
sandstones. It is overlain by the continental sands of the Keana

Formation, followed by the marine strata of the Eze-Aku Formation.

Structural analysis indicates that the Cretaceous sedimentary
formations were subsequently folded, with fold axis parallel to the NE

trending boundaries of the trough and apparently affected by later
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folding at right angles to the trough thus imparting a characteristic
regional sinuosity of the fold axes similar to that found in the Lafia-
Awe area by previous workers. The dominant NE trend coincides

with the disposition of the Benue rift structure.

The north-easterly trending fractures and faults are exploited
by most of the galena-fluorite mineralization which occured in the
area investigated. The fractures and faults are localized along the
edges of the trough. The significance of the deeply penetrating
Cretaceous marginal and axial basic intrusive rocks in relation to the
galena mineralization and their possible relationship to the medial
gravity anomaly and rift structure of the Middle Benue Trough, is

explained.

The economic potential of the area is studied with particular
reference to the stratigraphic and structural controls of the
mineralization. About 2,000 stream sediment samples were collected
and analyzed mostly for Pb, Zn, and PH. The conclusions drawn
from the interpretation of the geochemical data show that
reconnaissance stream sediment survey proves a useful tool in
exploring for blind ore mineralization in the Middle Benue Trough and
that detailed investigation on suitable areas should concentrate on the
marine Albian limestone-black shale-siltstone-fine sandstone Asu River
Group proximal to major fault zones. Criteria for distinguishing the
three episodes and types of galena mineralization can be best defined

according to crystal morphology as follows:

(c) Crystalline galena (Early Cenomanian) (b) Massive galena

(latest Albian) (a) Galena specks and fibrous stringers (Late Albian).

Prospects for tapping the brine resources, limestones, and

stone aggregates are shown to be high.
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" CHAPTER 1

.

INTRODUCTION

Location and Access

The project areas is the 1:100,000 Sheet 252 {Akwana)
of the Geoclogical Survey of Nigeria (GSN). This quarter
degree sheet lies between |atitudes ?030' and 8°N and
longitudes 9{J and 9030’E, with an overall land area of 2,370
square kilometres (Fig.1.2)}. This includes the western
part of the Wukari Local government Area of Gongola State,
the northern part of Katsina-Ala Local Government Area
of Benue St ate, and the Awe Local Govenment Area of
Plateau State. The area is situated in the Middie Benue
Valley.

Access within the project area is shown in Fig.1.3.

A major tarred road from Kwatan Sule via Makurdi to

Wukari on the River Katsina-Ala traverses the northern
section of the zrea. An all season moterabie laterite road
joins Arufu in the north to Ugba in the southern boundary

of the sheet on to Yandev. Seasonal motorable roads links
Abeda with Amuta and Afia, and Kente with Afia. There are
many foot paths linking the sparsely populated and dispersed
settlements. These help to reduce the problem of accessibility
to outcrops..

Previous Work

Farrington {1952) outlined a stratigraphical sequence for the
Middle Benue Valley. Over a decade later Cratchley and Jones
(1965) carried out a geophysical gravity survey of the Benue
Valley and attempted a stratigraphical correlation of the Lower,

Middle and Upper Benue Valley, and also presented a geological
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FIG 1.2 BROAD DIVISICNS OF THE BENUE TROUGH AND ADJACENT AREAS
SHOWING LOCATION OF AREA IN\,/ESTIGAT ED
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1.3

outline of the area. More recently Offodile (1976) mapped the
1:100,000 Sheet 231 (Lafia) and carried out a reconnaissance
survey of part of the adjoining Sheet 232 (Akiri}.

Research interest has continued in the Middle Benue Valley
either in the form of further geophysical data acquisition
{(e.g. Artsybashev and Kogbe 1974, Ajakaiye 1980, Adighije 1981,
and Ajayi and Ajakaiye 1981) or in the search for thecretical
models (e.g. Burke et al. 1970, 1973, Wright 13976, Olade 1976,
1979).

Lead-zinc mineralization around Arufu and Akwana had
attracted some geological activities since the turn of the century.
The native Jukuns worked on the deposits in pre-colonial days
and marketed the galena as cosmetics. Between 1903 and 1925
various mining companies worked on the galena deposit.

McConnel (1949) and Bogue (1952) examined the deposits and
reported on the general geology of the Arufu-Akwana area.

Present Work

The present programme involved the mapping of the quarter
degree sheet 252 (Akwana) (Fig.1.1 back pocket). The mapping
method adopted was the compass traverse method where all the
possible areas were traversed along road, foot paths, rivers and
streams using topographic base maps. The topographic base map
of the 1:100,000 sheet 252 {Akwana) was useful as the villages, |
settlements and some land marks and "bench marks" are easily
located on the map, though some settlements which were on the
map have ceased to exist,

Aerial photographic coverage of the project area at the

contact scale of 1:40,000, was also used during the geological

mapping.
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‘ ..In addition to preparing the much needed geolcgical map * S

e

and étudying the economic mineral resources of the area of stﬁdy,
the present work was élso intended to light the structural and
stratigraphic control of mineralization; and try to resolve some of
the cutstanding probiems of the origin and evolution of the Benue
Trough and relationship to mineralization, including the prospects
for explaration. These include:

(i) Working out the stratigraphy and structural history of the
study area and correlating them with adjacent areas in the Middle
Benue, the Upper and Lower Benue. This necessitated the mapping
of the Arufu fracture zone covering an area of 10 square kilometres
on a scale of 1:5000 in order to bring out some details of
stratigraphic and structural control of observed mineralization
Fig.3.20 back pocket).

{ii)  Ralating the geological history and episodes of lead-zinc
mineralization to the events connected with the continental
extention of mid-oceanic (equatorial]) south Atlantic Fracture
systems, the drifting of African and American continents, and
the origin of the Benue Trough.

(iii) systematic study of the trough margins and marginal
fracture systems of both the sedimentary rocks and the down-
faulted or uplifted basement blocks, inliers, or ridges
surrounding the area being investigated (Fig.1.5)

(iv) Resolving the question of lineaments, fractures
and faults in the sediments which in places continue into
the underlying crystalline Basement complex rocks.

(v) Use of other remote sensing devices like LANDSAT,

SLAR (Figs.1,7A and B), the aeromagnetic interpretation
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"'.':-anomaly map of the project area, used to infer among other things,

the probable direction of tilt of the basement blocks during rift-
faulting &Fi951.5 and 1.7¢), and also to get insight into the basement
disposition in relation to subsequent cover of Cretaceous sediments
(Fig.1.4).

(vi) Showing how far the application of geochemical data agrees
with other geological tools in indicating the stratigraphic and

structural control of mineralization in the region,

[vii) Usefulness of chemistry in interpreting the environment of

deposition of the sedimentary rocks in the evoliution of the Benue
Trough within the study area,.

In this programme geochemical stream sediment sampling went on
concurrently with normal geological field mapping. Reconnaissance
trips were also made to adjoining gquadrangles of sheets 232 (AKkiri),

233 (ibi), 253 (Wukari) and 272 (Katsina-Ala),.

1.4 Relief

The Arufu-Akwana-Ugba area is part of an undulating rolling
lowland stretching from the Yandev-Katsina-Ala-Amafu area (part
of the SE margin of the Middle Benue Trough) to the steep scarp of
Jos Plateau to the NW. In the mapped area, this generally rolling
undulating terrian (the lowest point being 77 metres above sea level,
beside the Benue River) is interspersed with several uplifted
basement blocks or ridges aligned parallel to the axial trend of the

Middle Benue Trough.

The rolling undulating topograph is disrupted by the presence
of steep sided Older Granite range of hills in the central Tycban -
Abeda area, which reach a peak of about 371 metres above sea level

around Tsekwen, characterized by gorges, faults, and shear zones.

Fo
il
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STRUCTURAL INTERPRETATION OF MSS LANDSTAT IMAGFRY
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From these hills the relief drops but not uniformly, towards the
northern flattish-rolling plains and flat-topped hills with crests at the
152-183m level. But in the south, southeast and southwest (towards
the Katsina-Ala river), the relief consists mainly of lateritized
pediment surface, with gentle gradients.
1.5 Drainage

The River Benue is the main river into which the others flow.
It forms a long braided system, draining the NW parts of the mapped
area. It rises in the Adamawa highlands to the northeast and appears
to be structure-controlled in this region, apparently near and parallel
to the axis of the Middle River Benue syncline (Fig.1.8). Other
drainage characteristics in the Tunga-Sufa - Annybe area include
bodies of sand bars encircled by anastoming channel ponds, wide flood
plains and more than one generation of alluvial deposits which suggest

river channel wandering.

The second main river and the most important tributary of
the Benue is the River Katsina-Ala which dominates the southwestern
area with its characteristic straight stretches and high angle to
rectangular fault - controlled bend in the Tsekur area (Figs 1.1 and
1.3). It is non-turbulent and slow.

Various orders of streams form tributaries to River Benue and
River Katsina-Ala. The feeder streams are under various degrees of
structural control, Some of the smaller tributaries flow parallel to the
en echelon fracture zone ridges and meet the bigger streams at high
angle to rectangular junctions, in the Arufu-Akwana area. The
streams traversing the central hilly granite region (e.g. River Kyin)
have a special north south trend which is, in fact, the trend of the

major fault or shear zone in the area. The river flows roughly



| 1%
.parelzltel to the E.W or ENE-WSW trending anticlinal axis of the fold in
the Cheorban - Gabo area.

In the low-relief area and plain (underlain by shale - carbonate -
siltstone) to the north and southwest towards the Benue and Katsina-
Ala rivers, the streams flow sluggishly in dendritic drainage.

Minor radial pattern of drainage was observed in the Buba - Uta
hill (near Fiyayi village) which is underlain by brecciated, deformed
Albian shales and siltstones of the Asu River Group. This was also
observed in the Wankper - Aka hill near Amuta village and the Yatiev

lormenger hills from which the Yatiev saline spring issues,.

Radiati pattern of drainage is observed to be characteristic of
the so-called "circular features" of the Middle Benue Valley {Offodile

1976, Ford 1981}.

Generally, the mature streams in the study area flow in broad
meandering valleys with gentle slopes but develop marshy (“Fadama")
terrains in headwater areas. However, they flow in deeply incised

valleys in areas where ridges cccur.

1.6 Vegetation

The mapped area falls within the Guinea Savannah type of
vegetation or open savannah woodland usually referred to as the
savannah. Bush-stunted trees and shrubs are interspersed with
medium sized trees (with canopy height of 2-3m) near water courses;
but generally the vegetation is characterised by tall grasses and thorns
with few scattered short trees, or patches of woodland consisting of
both fire tolerant and fire tender trees. The common trees in the
forested slopes in the Kente-lkwe region underlain by shaly sandstones
Sandstones, include the African oil bean trees, oil palm trees, while

the common stunted trees are Vitek species and Cassia sp.
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Key to Fig. 1.8

1. Akwana Saline Pond.
2. Juwudu Hill Saline springs
3. Arufu saline springs.
4., Yatiev saline springs.
5. Dzahan saline spring.
6. 1bav non-saliferous spring and circular feature
7. Aka-Wankper non-saliferous spring and circular feature
B. Tseagua scarp ridge
9. Arufu shelly limestone scarp ridge
10. Igbur gneiss inlier
11. Sand bar along River Benue
12, Ruwabi Older Granite ridge
13. Arufu Granitic gneiss inlier
)&’ = With Local Salt industry
<~ = Anticlinal Fold axis

- = Synclinal fold axis.
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The dominant grasses are the tall elephant grass near stream channels,

flood plains and headstream "Fadamas" and species of African Devil |
beans. The African "Devil bean stems with delicate irritating,

offensive hairs on the long beans, are abundant. The undergrowth in

the river valleys include thorns and ropes. Palm trees {both rafia

and oil palm trees} are also found in the fleod plain of Rafin Gishiri

to the west of Arufu.

The limestone-shale terrain around Arufu and Akwana and along
the lower section of River Logo (north of Ugba), is dominated by
thicker vegetation with thick undergrowth, while the hilly basement

terrain is covered by stunted accasia trees, date palms and short grass.
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CHAPTER 2
BASEMNET GEQLOGY

2.1 General Geology

The essential geclogical features of the region consist of down-
faulted blocks of Pre-Cambrian crystalline basement, represented by
biotite granite gneiss, migmatitic gneiss and the Older Granite, aon
which unconformably rest sedimentary and volcanic rocks ranging in
age from Lower Cretaceous to Tertiary. The evolution of rocks of
the Basement Complex is as proposed by various authors as compared

with the study area in Table 2.3,

The oldest rocks in the region are remnants of an ancient
sedimentary series probably of Middle Pre-Cambrian age.
Sedimentation, igneous activity and regional metamorphism were
followed by other orogenic cycles which transformed them into granitic
gneisses and metasediments as in the Arufu, Igbur, Yatiev and
Tseagodo areas. Other cycles include the Pan African Orogeny during
which the diverse and widely scatiered K-feldspar rich Oider Cranites
were emplaced in the Tyoban-Tsekwen-Abeda and Tsejande areas and

the metasediments largely transformed into migmatitic gneiss

As in the other parts of Nigeria, there is apparently no
authentic records of sedimentation in the long interval between the

Middle. Pre-Cambrian and Late Mesozoic times. Black and C° "
AL

{1970) believe that this absence and/or scarcity of Pa’

- maY 5ugge5t

formations in Nigeria (and the adjacent Camers,
" f‘gent IandmaSs in

indicates that marine se”’
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the Benue Basin (including the area mapped) in the Lower Cretaceous.

The Pre-Cambrian - Lower Palaeozoic Basement Complex surface
on which the first sedimentary unit, namely, the Pre-Asu River
sediments, was laid comprised the crustal rocks which once lay deep
in the interior of the earth, but which, after considerable erosion,

were exposed before the Lower Cretaceous beds were laid down.

The evolutionary history of the study was dominated by
repetitive transgressive-regressive sedimentary cycles interspersed
with several cycles of igneous activity and episodes of tectonic

upheavals.,

In the study area approximately 3,000 metres of sedimentary and
igneous rocks were preserved within the depression. The present
investigation indicates that about four cycles of igneous activity span
the Lower Cretaceous to Tertiary history of the Middle Benue

depression.

2.2 The geology of the Crystalline Basement

2:2.1 GCeneral Features

The crystalline basement of the Arufu-Akwana-Abeda area
consists of metasediments, granitic gneiss, migmatitic gneiss and the
Older Granite series. These form inliers and ridges aligned parallel
to the axial trend of Middle Benue Trough. The basement rocks form

about seven percent of the area mapped (Fig.1.1 back pocket).

The Older Granite Series is the dominant basement rock unit by
areal extent and topography. Characterised by N-S trending

fractures it outcrops extensively in the Tyoban-Abeda area while it

forms NE-SW ridges and saddle structures in Tsekwen crestal area.
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Other outcrops of the Older Granites occur about 250 metres south of
Igbur village, four kilometres south of Abeda (along the banks of
River Uamodu), and \in the Tsejande area towards the SW. extreme of
the study area. Similar basement inliers and ridges including granitic
and migmatic gneisses are found in the NW and NE quadrangles of the
adjoining Katsina-Ala Sheet 272 along the Yandev Katsina Ala tarred
road. Generally these NE-SW trending basement inliers or ridges are
aligned sub-parallel to one another and separated by local sedimentary

basins, thus presenting ridge and Valley landscape.

2.2.2 The Granitic Gneiss

Field Geology

The granitic gneisses in the area mapped are generally dark
grey foliated quartzo-feldspathic rocks of granodioritic composition.
Alternating quartzo-feldspathic material (the feldspar is usually of
pinkish colour) and biotite flakes define the foliation or banding in the
Arufu and Igbur inliers (DC. 175, 198,199). In the Yatiev inlier the
foliation is less distinct (DC.217). More commonly the quartzo-
feldspathic material forms impersistent streaks a few millimetres thick
which are invariably aligned parallel to the foliation as defined by the
mica. Where the granite (felsic) material takes the form of indefinite

impregnations a more uniform granite gneiss is produced.

Outcrops of the granite gneiss occur in the study area as
relatively small subparallel horstliike blocks, inliers and ridge areas
that are elongated along the NE-SW direction of the main axis of the
Middle Benue Trough. They range in surface area from over Skm2
(the Ugoh-Asanma Granitic Gneiss) to less than one square

kilometre (the Igbur and Yatiev inliers). The Arufu inlier covers
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*an area of about 1.2 square kilometres. It forms a steep-sided ridge

with a NE-SW trend.

On either flank of these ridge and horst-like structures are
isolated and deep, fault-bounded basins containing Pre-Albian
continental sediments, followed by Middle to Upper Albian marine
sediments. The foliation in the northern portion of the Arufu inlier
has a dip ranging from 45° to 50° NW, whereas the foliation in the
southern portion has a dip of 50° . The basement appears to have a
faulted contact with the Cretaceous sediments, marked by a NE-SW

trending silicified zone, and intruded by a NME trending dolerite dyke.

The Igbur basement inlier consists of a weakly foliated medium
grained dark grey granite gneiss (DC.198). Prominent biotite flakes
and some amphibole crystals define the foliation dipping 65° SE with a
strike of 20°. Near its contact with tﬁe overlying silicified Lower
Cretaceous sediments, the gneiss outcrop assﬁmes a strongly
contorted, sheared appearance, with the texture grading from

medium to fine (DC. 193).

The Yatiev Granite gneiss inlier (Fig. 1.1} occurs close to the
compound of Tsedogunc about 14km NE of Ugba village, and about 200m
south of an outcrop of a quartzo-feldspathic muscovite gneiss (DC,217),
The Yatiev Granite Gneiss is a fine-medium grained micaceous rock,
mostly light coloured but punctuated with black patches due to the
concecentration of biotite (DC.216). The subparallei aligned muscovite
and biotite flakes, and some quartzo-feldspathic material define the
foliation, dipping 50° SE or NW. A prominent pegmatitic vein about 14
centimetres wide fills a vertical fracture which traverses the outcrop in

the direction of 165°,
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Petrography

In hand specimen the granitic gneisses and. granite gneiss in
the area investigated are generally poorly foliated mostly medium-fine
grained leucocratic rocks. The latter differs from the former in that
the granitic (felsic) material takes the form of indefinite impregnations,.
leading to a more uniform gneiss being produced in the granite gneiss,
These two varieties frequently exist together in the outcrops and
because of their intimate association it is often not possible to show

them as separate units in geological maps.

In thin section these quartzo-feldspathic rocks of granodioritic
composition {Table 2.6B) consist mainly of equant mineral grains of
strained quartz and co-existing plagioclase and mica (mostly biotite).
The feldspars are both microcline and plagicclase, the plagioclase
being mainly oligoclase or andesine. In addition there are late
microcline and quartz, which replace the earlier minerals. The
specimen DC. 175 (Table 2.6B) from the Arufu inlier, shows potash
feldspar in the form of late pink coloured microcline porphyroblasts
which are oriented subparallel to biotite flakes. These together

define the foliation.

The mineralogical difference between the original and metasematic
portions of rock affected by migmatisation is accounted for
principally by the presence of microcline in the latter (DC. 317, 32).
In the Ugoh-Asanma Granitic Gneiss ridge the microcline
porphyroblasts become numerous and large, attaining 2 x 1.5
centimetres in size (DC.317). The groundmass of the rock is fine-
grained. In the rocks unaffected by this migmatisation the bands and
leucocratic segregations are composed essentially of oligoclase and

quartz (DC.198).
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KEY TO TABLES 2.6A, B.
(see Figure 5.56 for Sample localities)

1. (DC305) Muscovite-Biotite gneiss. From road cutting at KM12
along Yandev-Katsina Ala tarred road.

2. (DC218) Quartzo-felspathic micaceous gneiss collected from
locality 84D near Tsedunc compound, about 200m

north of the Yatiev Granitic Gneiss inlier.

3. (DC216) Granitic gneiss collected from the Yatiev inlier
Locality 64C
4. (DC198) Med-coarse grained Biotite granitic gneiss from the

Igbur inlier (Locality 39) about 1/4km SW of Igbur

village.
5. {DC199) Sheared fine grained Biotite granitic gneiss from some
- locality as DC198 above.
;‘ 6. (DC320) Medium grained gneissose Biotite Granite. From Ugoh

compound (Locality 86A) about 5.8km west of Abeda
along untarred road to Tsenyamkume.

7. (BC317) Porphyroblastic Biotite gneissose Granite from near
Asanma Compound 4.4km west of Abeda along untarred
road to Tsenyanmkume.

8. (DC325) Equigranular medium grained Biotite Granite from the
River Ruwabi Granite about 2km NE of Tseaguda
(Locality No. 183)

9.6 10 (DC234 and DC235 respectively}

Medium grained equigranular [Granodioritic) Biotite
granite, from the Tyoban Quarry in the Tyoban -
Tsekwen Hill Older granite terrain.

11, (DC325B) Pegmatitic Biotite Granite from the same locality

183 as No.8.
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'KEY TO TABLES 2.6A,B (Cont'd)

12613 (DC323 & 324, respectively) Locality 179
(DC323) Medium grained Equigranular Biotite Granite
(DC324%) Coarse porphyritic Biotite Older Granite. The two
specimens were collected from near the compound
of Tseiho in the NE margin of the Tyoban-Tsekwen
Hill Granite. The coarse porphyritic variety appears
to gradually merge with the medium grained
equigranular variety.
14 & 15 (DC326 & 327)
Coarse-Porphyritic Biotite Granite from the
Tsejande Hill {Locality 90) Older Coarse
Porphyritic Granite body.
16. (DC175} Med-coarse Biotite-Granite Gneiss from Arufu Gneiss
inlier, 2km NNE of Arufu.
17. (DC418 (Loc. 290)
Medium-Coarse Equigranular Biotite Older Granite
from the Akijo Older Granite inlier on the left bank
of S-N flowing R, Fofi on the slopes of the Juwudu
Hills about 4km SW of Akwana and 1 km north of

Akijo compound.

18, (DC376) Coarse-grained Hornblende-Biotite Cranite,
collected from an outcrop of the Pan African Older
Granite (around Ngibo Village) which forms the SE.
Margin of the Middle Benue Trough at KM, 16 along

Katsina-Ala-Wukari tarred road.
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Table 2.6B shows that the average mafic content of the granitic
gneisses analysed in the study area is 16,8% by volume while the
range is between 10% and 27%. The mafic mineral is predominantly
biotite. Biotite occurs as fine and medium-grained crystals usually
aggregated into lenticular bodies and parallel flakes. It is
pleochroic from pale yellow to medium brown. Inclusions are commonly

zircon and apatite in pleochroic haloes.

Minor amounts of green hornblende (1%) are often
associated with biotite in the melanocratic bands and lenses and
segregation of the lightly migmatised gneiss in the Asanma - Ugoh
area. The hornblende in most cases tends partly to enclose the

biotite, which implies a later period of crystallisation.

2.2.3 Field Geclogy and Petrography of the Metasediments

Generally, this group comprises all those rocks seen in the field
which present both sedimentary and metamorphic structures such as

relict sedimentary layering together with foliation, respectively.

The metasediments encountered in the area investigated
include quartzo - feldspathic gneiss and muscovite - biotite gneiss,
Mineral assemblages correspond to those of amphibolite facies
(Fyfe et al. 1958). Feldspathization of the metasediments is reflected
by the presence of late microcline. Only small, isolated outcrops of the
relics of the metasediments are found in the study area, the largest
being elliptical in outline, exposures are thus rarely more than a few
square metres in area. Metamorphism, granitization and potash
metasomatism have variably transformed these rocks into micaceous
gneisses and quartzo-feldspathic rocks (Carter et al. 1963, Oyawoye

1970, Umeji and Vauchette, 1984).
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Descriptions of some of the characteristic metasediments are

given below,

Muscovite-Biotite Gneisses:

These are foliated rocks in which parallel mica flakes together
with minor amphibole define the foliation. Around Tseagodo on a
road-cutting at Km 12 along the Yandev - Katsina - Ala tarred road,
these rocks are well developed. They occur near the Clder Granite
outcrops. In other places they occur as large rafts or Xenoliths and
pendants in the Older Granite Series. At the road cutting mentioned
above these metasedimenis are unconformably overlain by the

“Pre-Asu River Sediments

The contact is marked by severe shearing faulting and folding

of both the metasediments and adjacent rock types at the contact.

This muscovite - Biotite gneiss exposure in the Tseagodo area
has a dip of foliation of 70 - 80° SE and a strike of foliation of 10°
to 25°, In hand specimen it is a strongly foliation medium grained
light to dark coloured, partially weathered rock (DC.,303), in which
.subparallel aligned mica flakes and quartzo - feldspathic material
define the foliation. In thin section it shows 30% of colourless to
palegreen muscovite, about 7% of pale brown - yellow green
pleochroic flakes of biotite, 3% of bluish green chlorite. It also
consists of both potash feldspar are {(orthoclase and microcline) and
plagioclase. The major feldspars are oligoclase and andesine.
Orthoclase is subsidiary. The feldspars are altered showing granular
or thin flakes of sericite. Microcline is of late generation. Both
quartz and microcline replace the earlier minerals. The plagiociase
has been marginaly invaded by microcline with the development of

myrmekite. More intense feldspathization results in the formation of
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microcline porphyroblasts. Quartz is strained and is upto 24%

according to modal calculation (Table 2.6B).

Quartzo - Feldspathic Gneiss.

Near Tseagoduno compound, about 200m north of the Yatiev
Granitic gneiss inlier, there is a low lying outcrop of quartz felspathic
micaceous gneiss (DC.318). It is a medium ~ fine grained, foliated,
predominantly leucororatic rock. The light colour is imparted by the
present of muscovite, chlorite and sericite. The light colour is
punctuated by subparallel alignment of dark coloured minerals, mostly
biotite and some hornblende. In some portions there are segregations
of light coloured quartzo - feldspathic bands. Foliation is marked by
the parallel alignment of the mica and quartzo - feldspathic material.

The foliation dips 65° in ESE direction, and has a strike offset by 10%.

Petrographically, this gneiss (DC.218) has a similar mineralogy
to that encountered in the Tseagodo area (DC,.305). But the quartz
is up to 40% while muscovite and biotite are 5.1% and 2.5%,
respectively. The mineralogical differences between the original and
metasomatic portions of rocks affected by pegmatitic migmatisation is
accounted for principally by the presence of microcline in the latter.
The specimen (DC.218) also consists of both late microcline
porphyblasts and plagioclase. The major feldspars are also oligoclase
and andesine. Both late microcline and late quartz replace earlier
minerals. The feldspars are greatly altered showing granular or
thin flakes of sericite. Quartz is strained. More intense
feldspathization has resulted in the formation of microcline

porphyroblasts.

Other minerals include brown sphene which is always wedge
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shaped, and is found wedging itself into the mafic minerals or dark -

iron - ores.

~

2.2.4 The Older Granites

Field geology

In the study area, there are five elliptical bodies of the
equiangular older granites, namely, the Tyoban-Tsekwen Granite,
the Uamadu River Granite, the Ruwabi Hill Granite, the Udza and
Akijo Granite bodies, ocut of which the first three are the most
prominent (Fig.1.8}. These will be described in order in which they

have been named.

The Tyoban - Tsekwen Granite body forms an ENE trending
large block with a horst-like structure, covering a surface area of
about 20 square kilometres in the central part of the study area. It
rises abruptly above the surrounding Lower Cretaceous terrain, and
reaches a peak of 352 metres above sea level around the compound of
Tsekwen (Fig. 1.8},

The Uamadu River Equigranular Cranite which forms a NE-SW
trending elliptical body with area of about 1.5km2 is located about
2km SW of Abeda village. [t is separated by a narrow zone of

silicification from the Ugoh-Asanma Granitic gneiss inlier.

The Ruwabi Hill Granite is a pear-shaped equigranuiar granite
ridge with a NNE-SSW trend located about 2km north-east of
northern flank of the Tyoban-Tsekwen Hill Cranite. It has an area

of about 2 square kilometres,

The strike of foliation of the Equigranular Older Granite is
in general north-south to NNE-SSW with a dip of 70-80°. On the

slopes and crest of the steep, rugged hills around Mchia village along
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the Ugba - Anyiin untarred road, the granite contains relict of

metasediments and zones o©f pegmatite veins. tn this area the

foliation has a dip of 70° NW and is similarly expressed by parallel
alignment of biotite flakes, elongate quartz and alkali feldspars.
These have been drown out into rod-like aggregates which on

weathered surfaces produce a fibrous or "Woody" structure.

In the Tseiho, Atongo, Tseaguda areas, the northern and north-
eastern marginal facies of Tyoban-Tsekwen Hill Equigranular Granite,
gives way to coarse-grained and coarse-porphyritic varieties (DC,323
and 324) and assumes a dark grey colour owing to the increasing
content of biotite. The phenocrysts are twinned alkali feldspars
ranging in size from 5 centimetres x 3 centimetres to 7 centimetres x
3 centimetres which, together with oriented, elongate quartz crystals,

define the foliation, dipping 30 - 55° SE. Around Alongo viilage this

~dark-grey porphyritic type {DC.322 and 391} merges with the medium

grained equigranular, micaceous, cream-coloured portion (DC.324} with

ne visible boundary between the two textural types.

The porphyritic phase of the Older Granite forms a NNE-SSW
trending ridge near Tsejande village, about 23km southwest of Arufu.
This basement inlier covers an area of about 3.5 square kilometres,
and stands at an elevation of about 200 metres above the surrounding
unduiating plain underlain by Lower Cretaceous sediments (Fig. 1.1,
back pocket). The Oider Granite body consists of medium-coarse
grained porphyritic biotite granite. It is weakly foliated (DC, 326,
327). The foliation is marked by the preferred alignment of biotite
flakes and pink microcline phenocrysts, and has a dip of 45° SE orNW,
with a strike of 60°. Two cross-cutling pegmatite veins, one trending

30° and the other N-$, traverse the granite bady (DC.u412}).



The most striking characteristic is the porphyritic texture formed
by phenocrysts of perthitic microcline varying in length from 5 to 7

centimetres set in a medium - or coarse grained matrix.

Petrograehz

The mineralogy of the Equigranular Granites is virtually
identical with that of the coarse-porphyritic granites and is described
in one section. The main mineralogical constituents are outlined in

Table 2.6B.

The Tyoban-Tsekwen Hill Granite, the Ruwabi Hill Granite and
the River Uamadu Granite, which comprise the Equigranular granites,

have a simple mineralogy.

In thin section, the following minerals occur in the equigranular
granite-biotite, muscovite, hornblende, microcline, plagioclase, and
quartz, Accessory minerals include sphene, orthite, epidote,
clinozoisite, apatite, zircon, fluorite and iron ores. Alteration products
include chlorite, muscovite, and iron ore minerals. They vary from
leucocratic (DC. 234,235) to melonocratic rocks (DC. 325). The

groundmass consists of quartz and microcline and albitic feldspars.

Biotite occurs as tabular plates arranged in small sheaf-like
clusters, or as linear aggregates. It is strongly pleochroic from straw
yellow or pale brown to dark brown. Occassionally it is pale green in
colour. The biotite plates are always ragged and often skeletal as a
result of corrosion by later minerals, they are embayed by plagioclase,
microcline and quartz and these minerals commonly enciose shreds of
biotite. The biotite plates are sometimes bent and twisted. Alteration
of biotite to chlorite, muscovite and iron ore is common and tends to
take place along the cleavages. As a result of alteration, biotite

becomes woody in appearance and chlorite pseudomrphs after biotite



are sometimes present. Biotite is often intergrown with muscovite
and hornblende. Pleochroic halos are seen in some crystals. lron
ore, sphene and orthite are enclosed by biotite or are often

intimately associated with it.

Primary muscovite is confined to the biotite-muscovite variety of
the equigranular-granites (DC.234,235). It occurs as thin tabular,
celourless plates which are grouped in clusters or in linear aggregates.
In one section, two generations of muscovite, the latter sharply
cutting the other, were noted (DC. 235). The secondary muscovite
plates are occasionally twisted and bent,

Hornblende is found in the more dark coloured biotite
equigranular granites from the River Uamadu granite body (DC.325).
It does not occur in the muscovite equigranular granites. In the
dark brown biotite granite(DC.325) it was found badly sieved by
quartz. It forms strongly pleochroic, pale green to deep green,
ragged, prismatic crystals. These are often largely corroded and
sometimes only a few, shred-like remnants of the mineral remain,
Hornblende encloses iron ore and sphene and is replaced by
plagioclase, microcline and quartz. It forms intergrowths with biotite,
which appears to grow at the expense of hornblende. In specimens
where hornblende is found it is present in minor amounts

(DC.234,235,2358B).

Microcline occurs at least in two generations in most of the
equigranular granites. Early microcline is occasionally seen as
semi-digested plates in the plagioclase, late microcline forms plates
with ragged, sutured margins which embay the plagioclase and
earlier mineral. It is often well twinned showing excellent gridiron

twinning with spindle-shaped twin lamellae. In contrast to the



. the plagioclase which is usually highly altered, the microcline is

invariably fresh and clear. Microperthite is present in over 30% of
the microcline. The perthitic albite constitutes a minor fraction of
the microcline, The perthites are of the vein-perthite type in which

albite appears as subparallel, irregular, thin, thread-like bands.,

Micr;xline disrupts all the earlier minerals including biotite,
muscovite, plagioclase and quartz. Patches or blebs of these minerals
and sometimes entire euhedral plagioclase crystals are completely
enclosed by microcline and occasionally give rise to sieve texiures.

A thin albite selvage is sometimes developed where plagioclase is
replaced by microcline. Microcline plates are occasionally invaded by

late c’iuartz.

Plagioclase is invariably oligoclase in composition (Anzn); atbitic
oligoclase is present in some specimens. Plagioclase tends to form
euhedral crystals in which polysynthetic twinning is well developed.
The crystals may be twisted or bent. It is earlier in formatiorn than
the bulk of the micracline and encloses blebs of early quartz, shreds

of biotite, early microcline and zircon.

Plagioclase is invariablly more or less altered to sericite.
Sericitisation commences from the core of the piagioclase, the
margins of the crystal after remaining relatively fresh. It is probable.
that this selective alteration reflects a more calcic core, al;hough
'zoning of the plagioclase is rarely apparent. Myrmekite and
myrmekitic quartz blebs frequently occur in plagioclase. Other
textural features include graphic and micrographic intergrowths of

quartz and feldspars.

Quartz occurs in vein-like patches and as large plates whose
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margins are irregular and often intricately frilled. It almost always
shows strained (undulose) extinction. Parallel streams of minute dusty
inclusions are sometimes found within the crystals. Two generations
can pe observed in most sections. Early quartz is represented by
blebs enclosed in microcline or plagioclase; late quartz smoothly embays
plagioclase and in some specimens is seen to truncate the late
microcline. The myrmekitic quartz lies in the plagioclase and usually
occurs close to a plagioclase - microcline crystal boundary. Its
formation appears to be related to the replacement of plagioclase by
microcline. The plagioclase undergoes a series of change as
myrmekitization proceeds. Initially, a few quartz vermicules appear
in well-twinned, fresh plagioclase. As myrmekitization becomes more
intense the plagioclase is not almost completely enclosed by

microcline.

Accessory minerals found in both equigranular and coarse-
porphyritic granites include wedge-shaped and granular sphene.
It is usually pale brown, sometimes faintly pleochroic and may show
polysynthetic twinning. Sphene is intimately associated with biotite
and iron-ore minerals and often occurs as rims of the latter,
Skeletal crystals of sphene, corroded and truncated by late
microcline, may be present.

Subhedral and anhedral crystals of orthite are found in many
of the equigranular granites. The orthite is faintly pleochroic from
pale brown to honey brown and is usually much altered. It may show
simple twinning and zoning and sometimes surrounded by expansion
cracks. Epidote is found in small amounts in a number of the
granites. It commonly consists of granular aggregates though

occasionally euhedrah crystals are present. It appears as an
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alteration product of tie plagioclase in some rocks. Clinozoisite is

sometimes associated with epidote.

Iron ores, apatite, and zircon are present in most sections.
Zircon is always invariably present accompanying the micas as halos and

found in the ground as colourless grains with high relief.

General alterations of the feldspars are very common. These
show clouds of alteration and some show flakes of alteration products -
sericite and white mica - which are particularly well developed in
altered plagioclase; chlorite forms at the expense of biotite. Calcite
may be present as interstitial plates and late veinlets which cut off all

the earlier minerals.

The mineralogical composition of many of the coarse porphyritic
granites is of the granodiorite range (DC.322). Grancodiorite is
occasionally present as a marginal facies. Biotite and, of lesser
importance, hornblende comprises the ferromagnesian minerais
(Table 2.6B); the coarse porphyritic granites are poor in minor felsic
bodies such as pegmatite, splite and quartz veins. Pegmatite takes the
form of irregular, quartz - feldspar bodies, a few metres in length and
a few centimetres wide in the Tyoban granite quarry. Occasionally
pegmatite with subordinate magnetite forms concentrations along the
granite contacts in the Tsejande area. Muscovite (which is present in
many metasomatic granites) does not occur in the coarse porphyritic
granite of the area mapped; the coarse porphyritic granites are rich in

accessory minerals with iron ore minerals, sphene, orthite, and apatite

often prominent.

The phenocrysts in coarse porphyritic granites are invariably

micracline with strong to weak perthitic intergrowth. Inclusions of the
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groundmass miﬁerals are common. The outlines of the feldspars

which appear in hand specimen to be nearly euhedral are irregular,
characterised by tongues with the embayment of surrounding minerals.
Myrmekitic fringes invariably borders plagioclase feldspars. As in the
equigranular granites the plagioclase grains like the microcline
phenocrysts and porphyroblasts, show the effects of strain, through

wavy extinction, bent twin famelfae; and irregular zoning {DC.326,327).

Because of the large size of the microcline phenocrysts and
porphyroblasts, modal compositions of granite are difficult to

determine.

2.2.3 Pegmatilic, Quartzo-Feldspathic - Quartz Veins and Dykes

Pegmatitic and quartz -feldspathic veins and dykes composed of .
microcline and quartz occur in the basement rocks of the area mapped.
They are frequently found associated with granitic gneiss, the slightly
migmatised gneissose granites and the Older CGranites. Pegmatites are
however, conspicuously absent from the areas of metasediments
(muscovite-biotite gneisses), except, perhaps, at the margins of
these rock bodies. The pegmatites in the gneisses are both
conformable and cross—-cutting, but those associated with the Older
Cranite are invariably cross-cutting. They vary in size from veinlets
only a few millimetres wide to 30 centimetres. Most of the pegmatite
veins and dykes are the simple type with central quartz bounded by

feldspar.

A semiconformable pegmatite vein about 30 centimetres wide,
made up of quartz and feldspar crystals, traverses the Yatiev Granite
gneiss. The vein trends in the direction of 175° while the strike of

foliation of the host rock is 165°. The pinkish (microcline) crystals



3%’

measure Y centimetres x 20 centimetres in size and have their long
axes rotated perpendicular to the strike of the host rock, thus
indicating an overprint of shearing in the rock. The contact between

the pegmatite and the host rock is sharp,

The Tsejande Hill Coarse Porphyritic Older Granite (DC.412) is
cut by two sets of pegmatite veins about 18 centimetres and 3.5
centimetres wide respectively, and alse trend E-W trending vein
truncates and offsets the N-5 set for a distance of 3 to 10
centimetres laterally, and is thus younger. These pegmatites are
composed of central quartz bounded by large pink feldspar specimen
and are typically coarse. In the field and in hand specimen the
pegmatite veins show sharp contacts with the host rocks but under

the microscope appear to show transitional contacts.

Cross-cutting sets of pegmatite veins also occur in the Tyoban
Equigranular Older Granite quarry about 8 Kilometres south-west of
Arufu village. |In places pure quartz veins cut across the quarry
faces. Feldspars are absent in these pure quartz aggregates that are
intensely brecciated, and in places slickensided. This implies tensional

and shearing phenomena respectively (Badgley 1975) in the rock.

In the Tseagodo area brecciated quartz veins lie conformably
along the foliation plane of the host micaceous gneiss (DC.305) which

make up the metasediments of the area.

The pegmatite veins associated with the Uamadu Older Granite

Inlier are structureless and discordant with respect to the host rock.

2.3 Structural Features of the Basement

2.3.1 Foliation
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In the present study the foliation is indicated in the rocks by
the parallel alignment of mica and quartzo-feldspathic material on the

outcrops. It is observed that the foliation defined also helps to

delineate the pattern of small scale folding.

Over the Tseagodo, Yatiev and Igbur-Arufu areas, the strike
fo foliation of the metasediments and the granitic gneisses is roughly
in the NNE-SSW direction, whereas in the Tyoban-Tsekwen Hill,
River Ruwabi, Abeda-Ugoh, River Uamadu and Tsejande Hill areas

underlain by the Older Granite Series, the dominant foliation is N-S,

The Muscovite-Biotite Gneisses in the Tseagodo area have a dip
of foliation of 70 - 80° NE or SW amd a strike of foliation of 42° to
135° (NE-SW to NW-SE). In the Yatiev area the metasediment
consisting of a quartzo-feldspathic micaceous gneiss has a
foliation marked by parallel alignment of mica and quartzo-
feldspathic material dipping 65°E with a strike of 175°. The
northern portion of the Arufu Granitic Gneiss has a dip of foliation
of 45° - 50° NW whereas the southern portion dips 40 - 50° SE thus

presenting a sort of anticlinal or horst-like structure,

The Igbur granite gneiss located about 10 kilometres east of
Arufu, is weakly foliated. The foliation strikes 086° and dips 65°
SE. Near its contact with the silicified (cherty) siltstone
belonging to basal units of the Albian Asu River Group the granitic
gneiss becomes strongly sheared with a textural gradation from
coarse to medium to fine grain (DC.199) with schistose contorted
appearance. The strike of foliation changes to 20° with a dip of 68° -
75° SE. In the Yatiev Granitic gneiss inlier, muscovite and biotite
flakes, and some quartzo-feldspathic material with cream oligoclase

and pink microcline, are elongated parallel and define the foliation
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dipping 50° SW or NW and striking 120°,

In the granite gneiss in the Ugoh-Asanma area, about 4
kilometres west of Abeda, the foliation has a strike of 045° with a
dip of 55°, Xenoliths and rafts of the metasediments are oriented

parallel to the foliation. Around Asanma Compound the strike is 145°, .

Both the Equigranular and Coarse-porphyritic Older granites in
the Tyoban-Tsekwen, River Uamadu, Udza-Akijo, Ruwabi Hill and
Tsejande areas, have consistent N-S or NNE trending foliation with

dips of 50° to 60° NW or SE.

2,3.2 Folding

Near its contact with the basal cretaceous sediments the
Tseagodo muscovite - biotite gneiss is flexured into small (minor)
isolinal folds. These minor folds have axes running in NW or N-S
direction. The plunge is to the north and rarely exceeds 15° - 20°,
Similar minor folds are found in the quartzo-feldspathic micaceous

gneiss in the Yatiev area,

The Arufu and Igbur granitic inliers are folded with the
anticlinal axes running in NNE-SSW direction. In the Asanma-Ugoh
area, to the west of Abeda, observations in the slightly migmatised
gneissose granite show the refolding of earlier E-W trending folds by

later NNE-SSW trending minor folds.

The few dips of foliation recorded from the fairly large Tyoban-
Tsekwen Hill equigranular granite and the Tsejande Hill coarse-
porphyritic granite, indicate that these Older Granite bodies have
been locally flexured into open symmetrical folds with NNE-S SW or
N-S trending axes. These are thought to have imposed stresses that

affected the rocks during the later part of the Pan African Orogeny.
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2.4 Summary

The essential g‘e:ological features of the study area consists of
down-faulted blocks of Pre-Cambrian crystalline basement, represented
by the remnants of an ancient metasedimentary series (muscovite
biotite gneiss and quartzo-feldspathic gneiss), granitic gneiss and
the Older Granite series (consisting of equigranular granites and
coarse-porphyritic granite), on which unconformably rest
sedimentary and volcanic rocks ranging in age from Lower Cretaceous

to Tertiary.

The oldest rocks in the region are remnants of an ancient
sedimentary series probably of Middle Pre-Cambrian age.
sedimentation, igneous activity and regional metamorphism were
followed by other orogenic cycles which transformed them into
granitic gneisses and metasediments in the Arufu, lgbur, Yatiev and

Tseagodo areas. Other cycles include the Pan African Qrogeny

(600 + 150 m.y i.e. of Upper Pre-Cambrian to Lower Palaeozoic age)
during which the diverse and widely scattered K-feldspar rich
Older Granites were emplaced in the Tyoban-Tsekwen, Tsejande and

Udza-Akijo areas.

The Basement Complex rocks form inliers and ridges aligned

parallel to the axial trend of the Middle Benue Trough.

The basement rocks form about 7 percent of the area mapped.

The Older Granite Series is the dominant rock unit by areal extent
topography.
In the study area the strike of foliation of the metasediments

and the granitic gneisses is roughly in the NNE-SSW direction,

while the dominant foliation in the Older Granite Series is N-S.



Granitization and waves of potassic metasomatism (Oyewoye 1970)
during the Pan-African Orogeny profoundly modified the earlier rocks.
The close of the oroéeny was marked by the intrusion of granitic dykes,
pegmatite dykes and quartz veins into the older rocks. Thus there
appears to be reasonable Pan-African orogenic imprint upon the

basement granitic gneisses and metasediments of the study area.

Detailed chemical analyses (Table 2.6A) during the present
study show that the outcrops of the granitic gneiss (DC.320) at the
margin of the Ugoh-Asanma basement horst have a high content of
silica (62% weight oxide), low iron content (1.39% expressed as Fe:on’
low Ti0, (0.19% weight oxide), and also high potash (5.23% K;0) and
side contents compared with sample DC 317 collected from the crestal

area of the same structure.

Grant (1971a), Burke and Whiteman (1973), have noted that the
close of the Pan-African Orogeny in Nigeria was generally marked by
the intrusion of pegmatite dykes, sills and veins, including quartzo-
feldspathic veins and pure quartz veins. Carter et al. (1963)
envisaged three different stages of granitic magma injection into the
host rocks of the Upper Benue Trough namely: (1) The Pre-Older
granitic material period of emplacement probably during the
Eburnean Orogeny (cf. McCurry 1976). (2) The injection of the
syntectonic Older Granite Series. (3] The post-tectonic injection of
quartz-pink microcline and grey feldspar pegmatitic veins and quartz

veins (cf. Grant 1971a and b, Burke and Whiteman 1973).

The origin of the vein quartz so common in the Basement
Complex of the study area is probably due to the migration of silica
during the tectonism where shearing provided access to the migrating

solution.
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CHAPTER 3
CRETACEOUS SEDIMENTS

3.1 Introduction

The sedimentary geology of the region mapped is determined
mainly by five sedimentary formations /units (Table 3.1). The first
Albian transgression (responsible for the deposition of the Asu River
Group of sediments) appears to have been preceded by the
deposition of the Pre-Asu River Sediments consisting of unfossiliferous
grits, sandstones and clays in the Yatiev, Tseaguda, Atongo,

Atongo, Tsejande and Arufu areas, during rift-faulting as

exemplified by the Tseagu Hill Alkaline Rhyolite of Aptian age

113 + m.y.(Umeji and Vachette 1983). The Asu River Group of
formations occupy the crest of a major anticlinal structure - the Arufu
anticline - which is flanked on either side by the Keana Formation of
Cenomanian age and the Eze-Aku Formation representing the Late

Cenomanian to Early Turonian marine transgression.

3.2 The Pre-Asu River Sediments

Several workers have recognised the usually thin unfossiliferous
or poorly fossiliferous continental sandstones and clays found at the
base of the Cretaceous stratigraphic succession of the Benue Valley

as well as the SE Nigerian sedimentary.

In the study area the Pre-Asu Sediments occur at the
following localities: -
(1) About 2 kilometres NNE of Arufu village where they are
highly lateritized and silicified (DC.288A, B,C.) and rest
unconformably on the Pre-Cambrian granitic gneiss inlier

(the Arufu Inlier) and are themselves overlain by shelly



TABLE 3.1

- 43, e maee

SUMMARY OF CRETACEQUS STRATICRAPHIC

SUCCESSION IN AKWANA SHEET 252 AREA

AND ENVIRONS

POST
CRETACEOQUS

~TERTARY ;

Cenozoic Yolcanics

44 - 56 m.y,[(Okeke 1980)

Early Turonian ‘'

Late Cenomanian

Early Cencmanian

UPPER

Upper Albian

Middle Albian

LOWER

Akahana Shale - Limestone Unit

Tsekur Sandstone-Shale Sequence
Keana Formation

Awe Formation

Micaceous, tabular Sandstone-
shale beds with inter-bedded
volcanic lava and intruded by
basic ({Dolerite) rocks of age
c. 100 m.y. Hurley (1968)
Uomba Formation

(Arufu Limestone-shale-

siltstone sequences)

Aptian Unfossiliferrous continental coarse

Barremian

Lower Palaezoic to
Upper Precambrian

Upper to Middle
Pre~Cambrian

to conglomeratic sandstone and
clays, in Yatiev, Tseagu, Tseagcdo,
areas with Rhyolite sill {113 + 3m.y,.

at Tseagu.

Pan African Older Granite

Biotite Gneiss and Granitic Gneiss

EZE-AKU

FORMATION

GALENA-FLUORITE

ASU RIVER GROUP
MINERALIZATION

PRE-ASU RIVER
SEDIMENTS



Albian limestones.. The Albian limestones mark the first Albian

marine invasion. The Pre-Asu River sandstone in this area is

only about 50 metres thick.

2. In the Yatiev area (about 16 kilometres NE of Ugba village in
the SE quarter of the sheet), the 85 metres thick Pre-Asu
River Sandstone beds unconformably overlie the Precambrian
muscovite-biotite gneiss (DC.216} and metasediments (DC.218),
which constitute the Yatiev Inlier. The basal sandstone beds
(DC.221) with associated saline spring are overlain by Albian
fossiliferous marls, impure limestones and bilack shales.
3. The Tseaguda-Atongo area bordering the NE and SE flanks of

the Tyoban-Tsekwen Older Granite Inlier.

4. In the Tsejande-Tongo area, where unfossiliferous, angular,
feldspathic, poorly sorted, cross-bedded yellow-brown
sandstone (DC.319B) directly overlies the basement Older

Granite inlier (the Tsejande Older Porphyritic Granite).

In the study area the Pre-Asu River Sediments consist of
strongly cross-bedded micaceous, non-calcareous thick bedded -
massive felspathic (arkosic} sandstone (Table 3.2}, poorly sorted
silty dark grey, green, yellow siltstones, in places carbonaceous,
pebble, gritty with subsidiary conglometrate. The beds show
evidence of rapidly alternating vertical and lateral {cyclic) facies
changes and a graded bedding feature probably marking seasonal

changes in fluvial deposition.

The sandstones are of varied sizes (fine-medium to very coarse)
angular, gritty and poorly sorted. The angular quartz pebbles

(extrabasinal clasts?) are milky white to colourless and occasionally



srﬁbk?. Some laminated sandstones incorporate angular clay-stone
pellets or fragments (intrabasinal clasts?). Some are finely colour
banded (greenish, grey, white, yellow-brown, reddish, pinkish,

purple).

Thin section study shows that the sandstones are generally made
up of massive quartz. The quartz grains may be clear or slightly
stippled with inclusions and are angular to subangular. The
feldsparé are mainly microcline and plagiociase and are present in
small amounts. The sandstone matrix is chiefly siliceous,
argiliaceous and sometimes carbonaceous, The angular quartz grains
occur together with unaltered feldspars, and sometimes the crystals
interlock with each other. The specimens [(DC.227 and 2%4), contain
28% and 24% angular clastic grains of slightly altered orthoclase, and
10%, 7%, respectively of angular clastic plagioclase, mostly of albite
composition. Angular fragments of granitic and gneissic rocks
constitute 2% of each of the above two specimens. Places of mica

(both biotite and muscovite} are also present.

lron oxides {mostly hematite) cccur as cement. Other accessory

minerals include rutile and monazite,

In thin section, the claystones and siltstones (DC. 261, 321H,
Table 3.3) consists of layered minerals in which muscovite is the
most abundant. Quartz and feldspar make up the silt-minerals

found within a sericite matrix.

Diagenetic and silicified zones are common in the sequence at
Arufu and Yatiev where most of the quartz have been recrystallised
and/or altered though their grains appear to have retained their

original silt-size (DC,288A - D, 217, 222),
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TABLE 3.2 LITHOLOGICAL UNITS FROM PENDA TO
_ AMAFU IN SE MARGIN OF MIDDLE BENUE TROUGH
B . (SEE FIG, 1,5)
Shale: Silty-sandy, olive grey-greenish, black,
c pyrite, poorly laminated.
o

c - Mar] - Impure Limestone: Grey, thick bedded

ol o . . X ‘

B & with Albian inoceramids eg. [noceramus

< 8 Cripsi Mantell

v :

s 8 Siltstone-fine sandstone Greyish white, calcarecous

g g Micaceous, thick bedded-Massive.

s
Sandstone: Fine-medium-coarse grained and
conglemeratic ferrugineous at base.
Sandstone: Yellow-brown-red, cross redded,
brown carboneous material.

" Sandstone: Arkosic-felspathic fine-med-coarse

t conglomeratic strongly cross bedded

Y

% Claystone: Pink-purple, micaceous, siity.

v c Sandstone: Clayey, fine-med-coarse, feldspathic

R angular purple coloured felspar

°>" o fragments,

z

5 @ Clayey Siltstone: Grey-green-purple, unbedded,

j(" o thin, micaceous (DC. 227}.

(

é-o: Sandstone: Feldspathic, conglomeratic: Thick
hedded-massive, cross bedded,
arkaosic.

Coarse - Porphyritic Biotite granite with vein

- quartz.
5
g3
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=3.2.3  Depositional Conditions of the Pre-Asu River Sediments

There are geological, chemical and post depositional features
which suggest depositional conditions of the Pre-Asu River
sediments. Far clarity these lines of evidence will be described in
sequence. The presence of ubiquitous cross-bedding, angular quartz
pebbles {extrabasinal clasts) associated with angular clay pellets
(intrabasinal clasts - DC. 261B) and the presence of intraformational
conglomerates - brecciatic sandstones and grus constitute the
geological evidence that the Pre-Asu River sediments were in general
depasited in high energy, fluvial - lacustrine environment. The
ferruginisation observed is probably a syndepositional feature arising
from the strong oxidising tendency that seems to have persisted in
the continental high energy conditions that prevailed. These
conditions may have persisted and iron-enrichment continued. The
basal sandstones and clays might have been little exposed to this
environment and they are therefore less affected by
ferruginisation. |

The variations and decreasing thickness of the type sections
from SW an.d south through the central area, to the north and NE,
may be partly due to the irregular relief of the crystalline floor in
which the sediments accumulated and partly to the differing degrees
of accﬁmmodation in the basin of deposition. Arkosic sediments
were constantly forming along the margins of the basins., The
colour of the sediments varies from brown and yellow to green and
white. This shows oxidation and reduction phases in the

sedimentary sequence.

The fossiliferous (Albian) limestone, marly and shaly beds that

overlie the top of the sections at (i) Yatiev - River Logo type section

~
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TABLE 3.3

- CHEMISTRY AND MINERALOGY OF SILICEOUS SEDIMENTARY ROCKS

Note: Major Elements in pecentages; Minor Elementa in parts Per millien {PPM) = = Not detected, T = Trace, Minerals in percentages
‘ and polished secticna:

estimated from thin

Rock pnit
sa=ple No. |pc2633 pc288s | »pcaoh pe152 pc176 | Dpc158| pc1778 | pcasss | pe2o3 DC168 pc297 | pe2sss | peasss | sy DC251D } De3zim
Serial No. 1 2 3 B 5 6 7 \ 8 9 10 1 12 13 14 15 1%
810, 80.7 80.8 go.3 70.9 €0.4 62.0 70.3 70.0 64.0 80.8 77.6 75.1 80.1 go.o 70.9 70.4
.Smou k.9 1.9 3.9 2.6 1009 6.6 7¢h 10.4 9.1 10.2 1.6 141 2.7 2.5 3.2 11.32
___.mou 0.6 2.0 2.9 5.3 4.8 6.0 1.85 1.5 8.1 0.6 1.9 3.0 3.0 1.3 1.6 1.0
Fa0 11.0 9.01 7.70 8.1 8.1 21.12 7.07 b5 4.0 3.03 10.7 11.9 8.01 7.0 5.0 4.03
Mgo 0.4 0.1 0.k 0.2 5.3 2.0 2.0 0.4 L. 1.1 0.3 0.1 0.1 0.3 10.28 6.41
ca0d 0.04 0.04 0.1k 0.03 4,2 0.04 5.04 | 0.05 0.11 0.07 0.5 2.04 0.04% 0.03 0.54 0.08
Xe 0 0.05 0.05 0.04 0.05 1.6 0.05 0.05 0.04 1.20 0.18 0.05 0.05 0.05 0.05 0.02 0.10
X0 1.4 7.20 0.8 6.1 2.9 0.20 5.30 0.20 2.21 3.2 0.60 C.20 0.05 6.70 0.0z 0.10
auom 0.24 0.03 0.12 1.12 0.56 0.12 0.44 0.05 0.12 0.58 C.08 0.03 0.40 0.09 0.10 1.10
_,mou 0.10 0.03 0.27 0.07 0.09 0.09 0.19 0.06 0.06 0.09 0.61 0.03, 0.03 0.01 0.66 0.52
5 0.30 0.4 2.5 5.8 0.77 1.7 0.04 13.0 1.2 0.22 6.4 10,40 16.90 2.10 8.9 1" 2.3
B TAL | 99-7% | 99.75 100.07 100.17 5555 U952 55.68 55 .90 100-19 5557 | = 05.35 100.08 | 100.08 100,02 ] 100.0
7o 150 720 210 350 155 356 300 3.3%0 wmm 350 %209 7600 1220 550 5] (3]
Zn 100 50 100 110 90 328 250 w 125 630 500 hs0 130 ko 70
Ni 30 20 75 Lo 20 64.8 | 150 31.2 608 15 35 20 &0 35 60 _| -0~
Mo 75 15 25 75 €95 210 180 10 k00 13 15 15 10 56 75 5
v 90 10 10 30 90 40 70 10 30 10 50 30 10 (1] 70 70
] 2 279 0.5 1.5 1.5 2 285.7 0.5 2 0.5 3 3 3 395 5 1
Li 5 2.5 10 305 25 20 20 2.5 10 15 5 3 s 2.5 3.5 Ty
Ba 200 50 100 60 700 200 goo 150 100 200 200 150 50 110 190 260
sr 5 3 15 2.5 415 40 513.5 2.5 5 5 3 3 2.4 3 30 20
Rb 65 10 35 35 150 15 145 10.0 10 128 16 10 3 25 2 -y
B nd - 50 15 85 - - - 5 - - = 10 - 5 10
Gel 5 - 3 1 - - - - 5 - 20 - 1 - 12 13
AR 2 10 k 1 2 2.6 2 38.4 3 2 13 9 13 3 3 5
Co 20 25 ho 15 60 80 152 50 57 22 h0 25 70 30 ] 55
AB 109 99 150 100 60 - 100 - 60 20 50 100 as 60 105 -
Quarts 8o 71 70.0 71.6 €0 4o |60 2 69.8 60 65 () e & 7 &5 60 57
K-feldapar 5 8 - - 5 - 5 200 - - 1 - 3 - - 10
Plagicclase - 2 - - 5 - 2 1.0 - 5 1 - 1 4 7 1
Mica 14.7 L) 10 7 15 2 3 3.0 2 22 5 4 3 & 25 23
ghlorite b 10 10 2 15 10.9 20 - 10 2 - ~ - o2 2 2
Caleits - - B ™ - - - - - - - - - ] - -
Pyrite ? - - 1 T 3 - 21 2 - 2 12 4 4 - -
Magnetite - - 2 1 - 20 - - 13 - 3 i - 0.5 1.5 3
Hematite L 5 7.8 8 - 20 ™ 2 1 10 2 5 2 2 3 -2
Fourmaline * - ] T ] T - - ] - - - ] L = -
tirecon 4 - T - - - - - - - - - - - - -
Rutile by - - - - - - - - - - - - - - =
Galena - - - = - - - 2 - x 3 [ 1 - - .
Fluerits - - - 2 - - - 1 - - - 3 T - - -
Xaolinite - - - - - - - B - - T - T T 1 -
TOTAL 99.7 400 99.8 %9.6 100 99.9 100 99.8 99.5% 100 100 100 100 99.7 99.5 95
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KEY TO TABLE 3.3 (SEE FIG. 5.56 FOR SAMPLE LOCALITIES

DC. 263:
DC.288B:
DC. 204:
DC.152:

_ DC.176:

DC. 158:
DC177B:

Siliceous cherty siltstone. From crest of N-§
trending ridge, 40C metres north of Arufu Village,

Locality 6.

Silicified brecciatic siltstone. From Basal Cretaceous
Beds near contact with Basement Complex Granitic
Gneiss [(Arufu Gneiss Infier}) 0.2 kilometres NNE of

Arufu village,

Pinkish and black disgenetically? Altared,
recrystallized silicified (Cherty) siltstone from NW-SE

trending ridge, about 2 kilometres NW of Anylin.

Barren fractures silicified (cherty) feldspathized
siltstone and medium-fine sandstone wellrock in N-5
trending ridge contact with and/or truncated by E.W,
trending ridge underlain by brecciated limestone
mineralize with massive vein galena at 1.0 metre north
of Arufu village.

Veined Dolomitic Siltstone. Collected from N-5
trending fracture zone ridge 1.7 Kilometres north of

Arufu village. Locality 6.

Mematite-Magnetite-quartz-chlorite siliceous (cherty)
rock collected from one of the NNW-SSE or NE-SW
trending on echelon fracture zone ridges, around,
Towari {ljoho}) Compound, about 7 kilometres ENE of
Arufu village. Locality 33.

Reconstituted quartz—chlorite-hica-siIiceous rock,
coliected from a N-S trending ridge at a point 1.74

kilometres north of Arufu village. Locality 6.



8. DC.264B:

9., DC. 203:
10. DC.168:
11 DCs 297:
12. DC. 267B:
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Black quartz-pyrite silicified siltstone. From old
mine trench dug along E-W trending fracture zone
ridge underlain by silicified Albian limestone (and
interbedded with siltstone) in places mineralized

with Galena and Fluorite, Locality 2.

Quartz-magnetite-chlorite (silicified sandstone)
rocks, from a NW-SE ttrending (en echelon
fracture zone) ridge across the Arufu-Akwana
tarred road, about 21/2 kilometres NW of Anyiin,

Locality 11,

Brecciated, recrystallized silicified siltstone from
NW-SE trending ridge 0.5 kilimetre west of Arufu
along tarred road to Akwana. Locality 8.

NB. Wood material and fossil fragment in DC.169.

Locality 8.

Veined and breccciated siliceous, ferrugineous
siltstone, black dark brown massive, mineralized
with disseminated galena, from an old miner
trench dug along bed of a fracture-controlled
tributary streams of River Gishiri about 11/4

kilometres NW of Arufu village. Locality 26.

Black, massive silicified brecciated siltstone
mineralized with fluorite and disseminated
galena. From old mine Trench dug along E-W
trending ridge, 200 metres north or Arufu

village. Locality 2.
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14,

15,

16.

DC. 265D:

DC. 1a7:

DC. 261D:

DC.321H

Black silicified siitstone veined by quartz and W

pyrite. From same locality 2 as DC 265B above

serial No.12,

Siliceous siltstone from a NW-SE trending ridge on
right hand side of Arufu-Akwana tarred road,

2 kilometres NW Anyiin. Locality 8.

Greenish grey clayey micaceous siltstone veined
by quartz., From the basal bed of the Pre-Asu
River Formation exposed at a road cutting at
12 kilometres along Yandev-Katsina Ala tarred

road.

Yellow-greenish micaceous kaolinized claystone

of the Pre-Asu River Formation intruded by
rhyolite sill exposed at a road cutting at

Tseagu Hill, kilometre 77 along Makurdi - Yandev
road, near boundary with the Precambrian

Basement Complex Older Granite rocks.
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(DC.214) and (ii) Arufu section DC.283, and 284) of the Pre-Asu
River beds, are believed to represent the marginal deposits of an

Albian marine invasion.

The measurements of cross-stratification azimuths yield 230°
and 80° (southeasterly and easterly) indicating that the directions of

transportation were SW-NE and E-W,.

Davy et al (1978) have used the Boron-Gallium-Rubidium
diagram (B-Ga-Rb) in their sedimentological and stratigraphical studies
to relate depositional conditions. Using these diagrams (Fig.3.8) the
micaceous samples (DC. 288A - B, DC. 260B, 227A and 261D) in
. Table 3.3 typical of the Pre-Asu River Sediments plot in the fresh

water field.

In the Yatiev-River Logo-Penda area or in the Nenger-Penda
area (Table 3.2) the limestone-black shale-siltstone sequence (DC.212,
214; Fig. 3.8) plots as marine, as well as all of the silicified Albian
limestones and siltstones that are mineralized with shiny speck and
fibrous stringer galena (DC. 279, 350; Fig. 3.8) or the other types of
galena. In the Yatiev-River Logo-Penda area or in the Nenger-Penda
area, the Albian limestone-black shale-siltstone sequence overlies the
Pre-Asu River Continental Sediments .

The B-Ga-Rb diagram is based on the geochemical behaviours
of the three elements during sedimentation. Boron is enriched in
argillaceous marine sediments, rubidium is enriched in sediments

formed under brackish water conditions, while gallium proxies for
argillaceous sediments formed under freshwater conditions (Rankama

and Shama '349),

Post depositional changes in the Pre-Asu River sediments at

Arufu and Yatiev appear to be due to (a) Diagenesis on compaction
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rand involved recrystallization of clays, microfaulting, and linear

siliceous structures whose origin is attributed to diagenetic volume
growth processes during diagenesis of the siliceous sediments
(Steninitiz 1981) as previously described., (b) Silicification,

(c) Tectonic deformation and facies changes, similar to that in the
Lower Cretaceous continental sequence of the Upper Benue Vailey
which Allix and Popoff (1983) regard as corresponding to the
"architectural change" in the basin due to the tectonic reactivation
which seems to be directly connected with the evolution of the
continental margin during the opening of the South Atlantic in the

Culf of Guinea region,

In the Tseagodo-Tseagu area post depositional changes includes
partial resorption (pressure solution) of clasts by carbaonaceous-
silicecous ferruginesaous matrix, the development of authigenic
tourmaline and the alteration on recrystallization of mica. In the
zone of intense deformation at the Tseagodo Hill, incipient pink
cleavage has developed and zones of pinkish white quartzo~
feldspathic material have suffered marginal granulation. [t is not
clearly known whether the development of Kaolinitic zones on the
siltstone-claystone beds at the Tseagu Hill section can be attributed
to the alkaline rhyolite intrusion, or to near surface weathering

(D C. 321H).

3.2.4 Palaecontology and Age

Apart from scanty dark-brown-dark green fossil {carbonaceous}
- wood of plant remains (DC. 221, 288B, 2608 and 261C) found in the
basal units between their contacts with the basement rocks at Arufu,
Yatiev and Tseagodo areas, the Pre-Asu River sediments have not
yielded any fossil material. Its age is therefore uncertain, and as

the bottom and top of the formation appear to be cyclically dichronous,
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the age may vary throughout the area.

However, since the sandstone-clay units in the Tseagu area are
intruded by a rhyolite sill modelled by a K-Ar radiometric age of
113 + 3 m.y i.e. Aptian (Umeji 1982, Pers. Comm.) there is some
reason to believe that it ranges from Pre-Aptian to Barremian. The
first marine deposits overlying the Pre-Asu River beds at Yatiev and

Arufu areas contain Albian ammonites eg., Nysteroceras binum sowerby

(DC. 284) and Elobiceras and bivalves (eg. Innoceramus Cripsi

mantoll) respectively.

Falconer (1911) collected the Upper Albian ammonite Elobiceras
newtoni apart from silicified limestones at Arufu, which underlie
Cenomanian to Lower Turonian sediments and overlie the
unfo ssiliferous Pre-Asu River Continental sediments. The implication
is that the Albian marine transgression (invasion) therefore advanced

at least as far as Arufu (Fig. 3.9).

3.3 Asu River Group

3.3.1 Introduction

The Asu River Group (Shell B.P. Geologists 1960) is
considered to be the oldest known Nigerian Marine sedimentary group,
and had previously been variously described and named by other
geologists working in different parts of southeastern Nigeriar.
sedimentary basin and the Benue Trough (Bain 1924, Tattam 1944,
Simpson 1955)., Reyment (1965) examined the type section in the
Abakiliki area and found that the sequence thought to be Albian in

age, in fact contained (younger) Cenomanian beds.

In the Lafia-Keana-Awe area(Sheets 231 and 232) Offodile (1976)

described the Middle Albian fossiliferous olive-green to grey-dark
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"’shales, siltstones, mudstones and subordinate clays , which -

ey e

constitute the Uomba IFormation (Reyment 1965}, belonging to the

beds of the Asu River Group, while the Awe Formation represents

the upper sequence of the Asu River Group. In the present area of
study the above mentioned two formations of the Asu River Group are

also recognized (Tables 3.4 and 3.5).

3.3.2 Uomba Formation

Reyment (1965} first described the type locality of the Uomba
Formation at the Uomba River draining parts of former Lafia and Tiv
Divisions in the northeastern part of former Benue Province. He
described the sediments as consisting of sandstcnes, shales and sandy
shales containing characteristic Albian oxytropidoceratid and

digloceratid ammonites,

In the study area the Arufu Limestone-shale {Reyment 1965)
‘correlates with the Uomba Formation. It consists of rocks of Albian
age, consisting of Middle Albian shailow marine thick-bedded or
shelly limestones with interbedded poorly laminated micaceous, olive-
green to black shale, and siltstone-sandstone, mudstone, marked by
ammonites, corals, pelecypeds, gastropods and micro-fossils (e.g.
Ostracodes and foraminifera). In the Arufu-Akwana area (Table 3.4)
the outcrops are seen to occupy the Arufu anticline (Fig.1.1

back folder).

About 2.5 kilometres N.E. of Arufu the shelly limestone member
grades upwards from boundstone through packstone to grainstone and
and directly overlies clayey, medium-grained sandstone which is the
topmost bed of the Pre-Asu River sediments. The latter in turn,
rests unconformably on the Basement Complex Arufu grahitic gneiss

inlier. In the Tseishan-Tsejande area these carbonate rocks directly



overlie thick bedded calcarous and micaceous siltstone-sandstone

(DC. 319A).

The Uomba Formation in the study area can be divided into
eight lithofacies units or beds (Table 3.4). In the lowermost Bed 1
exposed about 2.5 kilometres north east of Arufu the limestone is
highly deformed, siliceous shelly, in part oolitic, and contains a large
number of articulated and flattened molluscan fossil assemblage,
especially ostream pelecypods (DC.283A to Z) with a few Albian

Cephalopods notably Hysteroceras binum sowerby (DC.284). and

pbiceras newtoni spath (DC.170; Falconer 1311}, The shelly

limestone units have been referred to as authochthonous "oyster bank"
limestone (Bogue 1952). The interstices between the fossils are

filled with linemuds,

The oysterbank limestone (DC.83,283) also contains some Early
Cretaceous solitary., Scleractinian depressed corals identified as

sephanosmilia perla de formentel. The limestone specimen DC 183

from the lower beds has 79.9% equivalent CaCoj and 4.4%

equivalent MgCo 3 mostly dolomite whereas the grainstone tyre (DC 287)
which occurs towards the top of the formation has 85.81% equivalent
CaCo3z and 4.37% MgCo 4 (see Table 3.7 Appendix A). It also

contains micro and macro faunal assemblages.

Using the classification of Dunham (1962) the lower unit limestone
appears to start with a sandy lime boundstone (DC.183, 283) and
grades upwards into a shallow water partly oolitic lime packstone-
grainstone (DC.287). Numerous voids appear to have existed in the
oysterbank lime boundstone and packstone - grainstone. But
subsequent filling of these voids by calcite (probably during

diagenesis) has resulted in a relatively low porosity.
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- STRATIGRAPHICAL SUCCESSION IN ARUFU-AKWANA AREA

UNIT

AGE

(SEE FIG. 3.21)

DESCRIPTION OF LITHOLOGY

Late Albian

Early Cen.

fine grained, tabular and well
bedded, interbedded with siltstone

Flagy finely laminated, grey, silty,
interbedded with figsgile giltstone
contain§ Late Albian - Early
Cenomanian pelecypod.

ALBTAN
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Sandy, silicified, brecciated
mineralized with crystal galena
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sandstone.

Calecilutitic interbedded with grey-
green-black pyritic shale.

Fine, grey with Lower Cretaceous
incerasid fossile.

Silici2ied, brecciated (DC.155A-C)
selectively mineralized with
magsive galena and fluorite.
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Albian pelecypod Actinoceran
Sulcatud park.

with slump structure, silicified,
greyish colour.
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Bandy, with fragments.
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The filling of voids of calcite during disgenesis is regarded as an
internal sedimentation of first generation in a submarine environment,
probably in a Iittoral' environment. Along the road to Anyiin, the
middle and top beds appear to be cyclical equivalents of earlier units.
For example Bed consists of mudstone -siltstone about 60 metres thick
while Bed 4 consist of greyish green-black shale in places pyritic,
poorly bedded about 120 metres thick. There are diagenetic imprints

and slump structures {DC 168, 174,200-204).

About 6 kilometres west of Arufu and the Akwana-Juwudu Hill
area, the upper Beds 5,6,7 and 8 of the Uomba Formation occur and
appear to be cyclical equivalents of the middle Beds 2,3 and 4 and

are marked by the Albian pelecypod, Actinoceramus sulcatus park

(DC 155), contained is fine sandstone-siltstone. Bed 5 consist of an
estimated 100 metres thick siliceous fine-medium grained sandy
limestone similar to Bed 2. In the limestone- calcareous siltstone
middle Beds 2,3 and % in Tseishan, Atongo and lgbur areas, contain

the Upper Albian ammonite Mortoniceras cf. inflatum,

In the contact zone between the Uomba Formation and the
overiying Awe Formation about two kilometres crest of Akwana, the
topmost bed of the Uomba Formation, becomes more ferrugineous and
more finely laminated mudcrack or dessication features (DC 300A)

and ripple marks (DC.299) occur on the rocks.

3.3.3. Awe Formation

Exposures of the Awe Formation are found between Fiyayi
village and a point 4 kilometres east of the village along the tarred
road to Wukari. The Formation has an estimated thickness of
about 450 metres in this locality. Here the sediments occur as

exposures along the beds and banks of the Fiyayi River and its
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tributaries for about 4 kilometres south of Fiyayi and extending "

" northwards to Usenderlmortena area where the middle part of the

formation becomes increasingly arenaceous and finely laminated.

Between Jegate and Tseagosu compounds the formation is

\ represented by between 300 and 360 metres of alternating sandy

sandstones, siltstones - sandstone and shale with cross bedding,
parallel bedding and ripple mark features. Ggod exposure are also
seen in réad cuttings at lbav, Jeka and Kasar compounds between
kilometre 40 and 44 along the tarred road [see samples DC.,192 -
194, 243, 314 - 316, 358A - C).

At a road cutting at kilometre 441/2 around lbav compound, the

basal beds of this upper formation of the Asu River Group, rest on
Uomba Formation {the Lower Sequence of the Asu River Group)

In the Kasaar-Fiyayi~igbur area, the Awe Formation is composed
of fine-medium-coarse grained well-bedded tabular calcarecus
sandstone which overlies finely laminated sandy grey yellowish brown
micaceous shale. The sandstones become finer grained, cross-bedded
and micaceous towards the base (DC.195, 356} with variable finely
lamined fissile, flaggy sandy-silty shales. The shale component
decreases progressively from bottom to top. The sequence appears
to be cyclically arranged in a rapidly alternating succession. About
2 kilometres west of Akwana parts of the sequence are transitional,
with mixed brackish to marginal horizons, well-sorted, subrounded
{pebbly) fluviatile to deltoic silicified wood material {DC.302},
desication or mud-crack features {(DC.300A), carbonaceous partings
and cellianassid (Vertical) and horizontal worm burrows {plate 3.4A,
C,0) and ripple marks (DC.239). These may indicate a high energy,

littoral or estuarine near-shore or tidal flat environment of deposition
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Plate 3.k

Alternating Shales (sH) and Sandstones (S5) of the Fiyayi

Shale - gandstone Formation (Upper Sewuence of the ApAsu piver

group).

Locality: Km 42¥% road cutting of Jeka compound alnng wukari -
arufu tarred roand. Note the vertical CALLIANASSID
burrows (about % em in diametre) and horizocntal

worm burrows. ¥ Natipal size.
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Close up view of both the 3 cm - diameter vertical caellianaseid

burrows and horizontal worm tracks associated with 3.4%j.
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in which water level fluctuated rapidly.

The generalized sequence in the above area is as shown below,

youngest beds at the top.

15. Sandstone: Fine-medium, tabular, well-bedded. micaceous,
grey-yellow-white dipping 45° - 50° SW,
separated from overlying |bi sandstone by iron-
stained surface pebbly horizon, nodular iron

concretions and worm burrows,

14. Sandstone Fine grained, micaceous, finely laminated, flaggy

cross-bedded, with horizontal worm tracks and
callianassid burrows interbedded with whitish

kaolinized clay, nodular iron concretions.

13. Sandstone: Medium-coarse, yellowish-white micaceous
massive, subhorizontal at base overlain by
greenish white 1 metre kaolinitic clay dipping
40°-50° SW with worm tracks and nodular

structure-iron concretions.

12. Shale: Finely laminated silty, micaceous, weathered to

greenish clays.

11. Shale-Mudstone-Clay: Sandy, thick unbedded with yellow-
greenish sandy siltstone-sandstone (DC.243,
3688) in the middle thin medium-coarse, dark
brown-pinkish sandstone at top with
ferrugineous mottling (DC,368A), angular
quartz pebbles and pinkish feldspar (extra-

clasts) fragments, angular dark green clay






