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ABSTRACT

Gravity investigation was carried out within the Wuse-Akiri area
in the Cretaceous sedimentary sequence of the Middle-Benue Valley to
delineate and locate areas of possible salt deposits. The area of about
48 km square is bounded by latitude 8° 21.5'N and 8° 24.7'N, and

longitudes 9° 17.8'E and 9° 21'E.

Gravity measurements were made along traverses on a 400 x 800
square metre grids, using the LaCoste - Romberg gravimeter, model G-446.
The area is characterised by dominant W8V to ENE trending negative
Bouguer anomalies ranging between -230 to -165 gravity units. Negative
residuals of the order of 2.0 to 7.0 g.u. were obtained in the area.
The major negative closure of 7 g.u. is located in the southeastern part
of the survey area. Small, positive closures of about 2.0 g.u. were

also obtained located at areas of mapped baryto veins.

Since the Keana formation which underlies the whole of the survey
area is known to be impregnated with salt beds, the causative body of
the observed negative anomalies has been assumed to be a small salt
dome intruded by irnonstones which overflow in the south eastern direction.
The cylindrical models obtained for the structure have mean radia of 830 m
for the salt dome and 270 m for the intrusive ironstones. The depth to
the top of those models is about 415 m. An estimated mass of 2.4 x 10°
tonnes of salt was obtained for this major anomaly. The Akiri salt
spring in the area owes its origin to the contact between transit ground-
water and the salt body, and issues at convenient points through fractures

and fissures in the Keana formation flanking the anticlinal axis.
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CHAPTER 1

1.1 INTRODUCTION: In recent times, geophysical methods of
exploration, have played increasingly, important role in the search
for mineral deposits, and with the improvements in geophysical instru-
mentation and tochniques, the gravity method Bas come to play an
incroasingly significant rolc in the exploration for ores and saline
deposits, Gravity survey, though expensive in terms of skill,
operation time, nnd field equipment, is much cheaper as a reconnaissance

tool in most geophysical explorations,

The gravity nethod is applied particularly to mineral exploration
to aid in quantitative studies of both magnetic and non-magnetic ore
bodies; in the search for non-magnetic ores; and as a reconnaissance
tool in the study of regional structures that are favourable for the
occurence of such ores, These studies include the determination of
the arenl and subsurface extent, the attitude and structure of the body,
In this application, thc gravity nethod is used primarily in confunatton
with other geophysical methods and geological studies, In the search
for dissiminated minerel ores, scismic and gravity methods have not
been very favourable, but however, in the search for mineral deposits
and the delir-~tion of bedrocks the application of gravity, seismic and
resistivity surveys have ylelded very precise and detailed results,

The success of the gravity method in quantitative studies is strongly
dependent on the limitations imnosed by the results of these other methods,

However, ingpite of the inherent ambiguities and lack of precision in
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gravity surveys, they cen impose very definite limits on geclogicanl
interpretaotion and can thereby make specific contribution to the

overall exploration picture,

1.2 PREVIOUS STUDIES IN THE AREA:
Thore has been no record studies, eithor geological or geophysical,

that has been carried out within the area of the present survey., The

only surveys and studies around the area were:

(1) A regional geophysical survey of the Benue Valley by
Cratchley and Jones (1965). The results of this survey showed Bouguer
isogals that are generally parallel to subparallel to the boundaries of
the cretaceous crystalline basement, with a med’gl zone of gravity
high which is flanked on either sides by narrow elongated gravity lows,
They also attempted a stratigraphic corrclation of tho Benue Valley,
The indicated anomolous features elongated in o NE - SW direction
were along the occurences of brins springs which correspond to a
series of folds and fractures related to several Tertiary intrusions,

Cratchley and Jones' survey included only two gravity stations
within the present area of survey (fig.1) and so is not adequate
enough to indicate the presence of any sald dome or any such local

structures,

(11) offodile (1974) carried out a detailed geological map=
ping of Lafin Sheet 231 and a rcconnaissance survey of part of
Akiri Sheet 232 towards the north of Makurdi on a scale of 1:100, 000,
(fig. 2(a).
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(441) ABakaiyo and Ajayi (1977) carried out a regional gravity survey
of the sclt springs zone in Lafio division within sheets 231 and 232,

Other geological studies that have been undertcken within the
middle - Benue valley are the work® of Falconer (1911), and later a
sketchy nccount, in relation to lead - zine exploration by McConnell
(1949), Parrington (1952) and Bogue also did some work on the Nigerian
brine springs, Reyment (1965) did a stratigraphical summary of the
Middle -~ Benue using field programmes (1950) and palacontological
monographs (1955). Esso West Africa Inc. (1967) made a photogeological
interpretation of thc Middle - Benue valley and the surrounding areas,
Finally, Offodile at al (1977) carried out geclogical studies of the

Azara baryte deposits,

1,3  AIM AND SCOPE OF THE PRESENT SURVEY:

Ajakaiye and Ajayi (1977) carried out a regional grasity survey
within the Middle half of the area on topographic map sheets 231 and
232 (fig2(V), The gravity measurements were along all motorable ronds
and tracks, with gravity stations located at 1 km intervals except along main
ronds where stations were on benchmarks at 1.6 km intefvala. The
survey indicated low gravity values in the vicinities of known salt
springs, viz: Awe, Azars, Kanje, Keana and Ribi, The Akiri salt springs
are agbout 12 km east of Azara and so lios closely within the area of

the regional survey,

The present work is to carry out a more detailed survey around

the Akdri salt pits, in response to the request by the Nigerian Mining
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Corporation in consultation with the Ahmadu Bello University Physics
Department, The gravity method was chosen for this investigation as
it is the most appropriate tool for the detection of density variations
within the earth, nnd salt deposit usually result from density differecnces

between the salt and the overlying sediments,

This thesis is therefore n rerort of the detailed gravity invest-
igation of the Akiri salt pit areas, which is sbout 4.8 km® and is
bounded approximately by lantitudes 8921,5' and 8%u4'N, and longi tudes

9018' and 9°21'E.(fig. 3)

1
144 LOCATION AND ACCESSIBILITY

The area covered by this survey is located within latitudes 8% 24.7'N,
and longitudes 9% 47.8' and 9° 21'E on the Nigerian topographic map Akiri
sheet 232 N,E,, scale 1:50,000, The area indicated is approximately 5km2,
lies within the middle Benue valley, ané is about 8,5km east-southeast of Azara
(fig. 3). The area is accessible through Azara by only one unsurfaced motor-
able road which terminates at the Western bank of the River Ankwe. However,
at certain perdods during the dry season, from asbout the middle of Janu-ry
through March, when the river is dry, it is possible to get to the eastern

end and through Sabo Tuse to Akiri arnd any four-wheel drive motor vehicle,
There is also a fairly motorable read which approaches this area from Shendam
through Jankar, but terminates at the northern bank of one of the tributaries
of River Ankwe, at about 300m from Ak$#i village. These roads become alpost
unesable during the reiny seasons, Movement within the area is mainly along

bush paths in the entire area, The area is generally flat particularly toward-
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the eastern end of the centrzl grid line through to Akiri"hill, which is
about 900 metres from the centre of the whole grid (NMC 34, 34). There

is also a range of small hills along the southern end from the south-ecst

cc ~er of the survey area (fig. 12).
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CHAPTER 2

GEOLOGY OF SURVEY AREA

2.1  REGIONAL GEOLOGY:

The evolution of thoe Benue trough has been closely related to
magmatic activities which occured throughout .leian to late
Crotaceous tim=., This began 25 ~ tencional Aiprossion ond ondod 2s a

compressional belt, (Wright, 1976). (fig. L4).

Te origin of thc Benug troush hns boen a source of speculative
discusgion for at lcast thu past three decades, A lot of work has been
earricd out to clavify these specul~tions and more studies are still

being undert-.ken,

It is suggested that the Gulf of Cuinen, the Benue trough nnd the
Soutn Atl-ntic devuloped between o ¢ A it 4 fsidpe-iidpo~Hidge) tripple
junetions, ¢ .ituated undcr the proescut Niger mingcosyneline and the
other situnted nortn of the Takvtu rift structurc of Guyana (McConnel,
1949). Loter gravity and magnetic date provided by Hospor (1965, 1970);
Cratohley and Jones (1965); Stonloy (1966); and the Gulf #i1 Company
(Nig.) Limitcd, indicated that the R R R trippl. junction hypothusis
is egsentinlly corrvect (Dessauvagie ¢t al, 1970). Also wright (1968)
deduced from the works of Carter ot 21 (1963); Reymont (1955); C.re.tchlay
and Jones (1965), thot the Benue Valley is esscntinlly a tensionsl fracture
system which subsided intermittontly, at first ropialy, from Middle
Albian to carly Seronian times, nccumulating well over 6,000m of doltaio,

estuarine and marino sedinments with rare intercalat.d nlkeline besic
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lavas, Ccmpre.asiml folding about dominantly NE-SW axes, occured
during the later Senonian and Maestrichtian and was accompanlod by faulting
and mainly basic minor intrusive activity {both alkaline and calec-alkaline)

with associated lead=zinc mineralisation.

However, as stated earlier, it is now accepted that the Benue trough
was parl of an R R R tripple junction, the arms of which developed at
different ratcs and times. The southern arm was the first in the lowermost
cretaceous, followed by the Benue trough in the Alblan, and finally the
north-western arm, Two folding episodes occured during the Santonian and
post Maestrichtian times, Uplift, erosion and volcanin activities in the
valley finally resulted in the stable structural feature considered to

form part of the Nigeria-Cameroun dome (Halidu, 1968).

2.1,1 STRUCTURE OF THE BENUE TROUGH:

The Benue valley geologically consists of a lincar stretch of scdi-
mentary basin (0ffodile, 1976) running from about the present confluence
of the Niger and Benue rivers to the south~-east, and bounded roughly by
the basement complex areas in the north and south of the Benue river (fig.5).
This elongntod trough-like basin is continuous with the coastal basin, Th-
trough is occupied by up to 6,000m of marine and fluvio-deltaic sediments
ranging from Albian to Maestrichtian in age (fig. 5 . These have been fold:i
about predomantly NE-SW axcs, and there has 2lso becen some faulting, as well
as, penecontemporanocous igneous activity and mineralisation (Wright, 1976).
The main folds consist of serios of parallel fold systems conforming

roughly with the trend of the Benue Valley, ENE-W3W, with local bends in the



-12 -

E] Approximate Boundaries of the Divisions of the
Benue Valley

200 km
i Predomantly Sandstone TE RTIARY
D Sandstone- Shales CRETACEOUS
RN crysteltine Basement PALAEOZOIC
m Basalt TERTIARY - RECENT
B  otermediote Basic Intrus ves CRETACEOUS
@ Approximate Limits of Leod-Zinc Freld

Fig5 Geology Of The Cretaceous Sediments Of lhe Benue Vailey
(After Cratchley and Jones, 1965)

Y




w3 -
E-W direction, Major anticlinel folds enclose basins of turonian formotions,
with some important north-south trending faults (0ffodile, 1976). Paloon=
tologic studies reveal that the sediments are of lete cenomanian to Turonian
age. Some of the formations present are the Makwrdi Sandstones, Eze-Aku,
and Awgu Shales (Kogbe et al, 1978). The Albian deposits were probably
folded before the deposition of the Muri-Keana=Makurdi sandstones

(Offodile, 1976).

2.1.2 STRATIGRAPHY OF THE BENUE TROUGH:
The Benue Valley forms the most important part of a system of linecor

sedimentary basins which contain the Niger, Benue, and Gongola Rivers., All
are filled with cretaceous rocks which are quite strongly folded in the

Benue and Gongole valleys, For stratigraphic correlation the Benue Valley
is subdivided into three regions: Upper, Middle, and lower Benue Valley,

with the exception of the Middle-Benue Valley, where very little systematic
and detniled geologiczal mapping hos been carried out, the other two sub~
divisions of the Benue valley have been fairly covered in detail, though

some more work is still required, A fair detailed geology of the lower
Benue valley has been published by McConnel (1949); Reyment (1965); Cratchley
and Jones (1965); Nwachukwu (1972); Offodile and Reyment (1976); Kogbe et al

(1978), and many othor workers whose works are unpublished,

The Upper Benue Velley is scparated from the Chad Basin by the Zambuk
ridge which runs roughly north-east~wards from about Gombe town through
Zambuk to Biu Plateau (fig. 5 & 6). Simmilarly, this region, has been

covered in fair det2il by Falconer (1911); McConnell (1949); Barber et al
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(1954) ; Reyment (1955); Carter et al (1963) and others, The stratigraphic
soquence and correlation as given by Cratchley and Jones (1965) is shown

in table 1, Correlation in the Middle-Benue arca is tentative, particulerly
where lithologic sequences romain unnamed, Recent stratigraphic sequence

and correlation by Offodile and Reyment, (1977) ia given in Table 2,

2.1.3 MINFRALISATION AND IGNEOUS ACTIVITIES
The Benue valley is marked by a lot of igneous activity, shown by the

ocourence of various intrusive and extrusive rocks. Intrusive activity is
reported to have been from the late and post Albian times, to the cnd of
Turonian (Offodile, 1976). The intrusive rocks are more common in the lower
Benue area and occur as 8ills, dykes, ete,, while the extrusive rocks occur
separately. Extrusive rocks have been located in places both in thas lower
and the Middle-Benue valley (Wright, 1976). In few places they occur
alongside the intrusive rocks, Igneous intrusions show marked agssociation

with both the anticlinal structures and the le-d-zine belt.

(a) A notable feature of the Berue Valley is a belt about 80 kn wide
and 560 km long extending from the SB of Abakiliki to Zurak in the NB,
This is the lead-zinc minoralisation zone (fig, 6). The minoralisation is
thought to be hydrothermal in origin, but the deposition is believed to have
taken place under mesothermal conditions, before the end of the Turonian,
The hydrothermal solutions arc associated with Tertiary and recent voleanisn
(Parrington, (1952); McConnell, (1949). The Nigerian lead-zinc deposits
are closely associated with saline springs and are impregnated in relotively
narrow fracture zones in shales and mudstones, and to a lesser extent in

sandstones, These sedimentary strata are of Albian and Cenomenion age.
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The better defined lodes are loaasted in steeply-dipping fracture-filling

veins frequently striking NS and grouped in NE-SW zoncs gencrally associated
with the axes of the major anticlines (Cratchley and Jones, 1965). Some

of the solutions responsible for both igncous rock alteration and the lead-
zinc mineralisation are thought to be brines already within the sedimentnr

pile (Gunthert and Richards, 1960).

(b) Limestone has a wide occurence in the Benue valley, starting
from the lower areas around Makurdi to the upper parts., They occur
prineipally in the Albian to Turonian formations in the area south of Makn—Ad
east of Abinsi, at Arufu Giza and Keana arcas. The most impor*ant outerop

is the Yandev limestone,

(¢) There are also baryte occurences in several locations in the
Benue valley, for example, at Aloshi, Wusc-Akiri, Keana, and Chiata (fig.8).
They are mostly associated with the coarse sandstones and appear mostly

within fractures,

(a) Coal occurs in Gombe area within the Gombe sands*onn an? 4r
Marine formation (Awgu formation) of the middle - Benue. A good expost >
of the conl can be seen by the River Ankwe about 48 km east of Lafin whe—e

several seams outcrop.

(e) Several brinc springs have been observed wi’hin “he vhole le--"
of the Benue valley. The sal% springs occur along « linear zone which
extends from southeast of Bnugu to near Makurdi through Lafin division and

as far as the northeast of Gorbe (Phoenix and Kiser. 1966). The origin of
these salt springs has s%ill not been rusolved and many hypcth ris h~n
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beom advamoced to explain the origin (see section 2,3,2).

2,2 LOCAL GEOLOGY

The area of the present survey lies in the sedimentary basin of the
Middle Benue valley. The Akiri-Wusc aren is fairly elevated, compared with
most of the surrounding areas, with elevations ranging from 100m to about
200m above sea level, The area towards the southeastern area is most elevated
and undulates towards the Akiri hill. The ground dropa beyond this hill

towards the north and to the west down to the Ankwe River (fig, 12).

The drainage system here is dominated by the Amkwe River which meanders
in the north-south direction, It builds up substantial sand bars and banks
as it meanders through the region, The river is perennial, almost dry and
rather sluggish in the dry season, but full and fast during the rainy season.
Few dendritic strcams which provide the drainage within the survey area flow
into the Ankwe River almost at right angles, A considerable amount of detrital
materials are transported by the river during the rainy season. The River
Ankwe emptics into the Benue River in the south, The area is thickly covercd
with vogetation of the south Guinea Savanma type particularly in the rainy
season, The soil within this area which is very good for farming varies
from grey fine-grain sandy-clay in the north; to reddish-brown coarse-sandy-
c¢lay and lateritic-clays around the central to the southern parts; to Jari-

grey or blackish shaley sandy-clays around the east-southeast area,

Stratigraphically, the geological formations found to underlie the area
are as follows:
Eze~aku formation: Late Cenomanian - Turonian

Keana formation: Cenomanian
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Awe formation: Late Albian = Early Cenomanian
(offodile et al, 1977). (fig. 7)

The Awe formation, a saliferous formation, consisting predominantly of
alternating sandstones and shales with subordinate limestones, occupies the
core of the Keana anticline in this area, The Keana formation is of massive
fine to coarse pebbly sandstones flanking the core of the anticline, Most
of the barytcs veins oceur in this formation and the Akiri-Wuse brines appear
to be related to fractures in this formation. The Azare-Akiri-Wuse area's
brine springs issue from geological environment consistent with deposition
during rapid oscillations of coastline resulting in short rhythmic trans-
gression and regression processes (0ffodile, 1975). This is typical of the
transitional period between the Albian and Cenomanian, In this area the brines
issue from the passage beds (Kenna formation) between the continental Eze-aku
formation and the marine Awe formation. The present survey area lies entirely
within the Keana formation (fig, 7). The Ese-aku formation, which consists
essentially of limestone, shale and some aandstones, flanking the plunging
Keana anticline and overlying the Keana formation is not engeunterod within

the area of survey.

In the survey area the formations are simply folded. The fold axis
maintains a west-east trend in the Azara-Akiri area, and plunges to the
north-east (Offodile et al, 1977). The Keana anticline is the major struc-
tural feature and it dominates the geology of the area (fig. 7). This
structure which is more than 100 km long, extends southwards to Makurdi crea

where comparable features have also been mapped (Cratchley amd Jones, 1965).
The axis of the anticline appears to coincide with the Benue trough axis,
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The beds in the Keana formation within the area generally have low dips,
ranging from 3° %o 150. Many of the fractures in the Keana formation out~
croping in the survey area cre mineralised with barytes, and the fractures
appear to maintain a circular pattern around a possible buried structure
(fig. 7 & B). This circular arrangement of the barytes veins in the Akiri-
Wuse area could be due to some kind of doming resulting from and intrusive
rock, or a salt diapir, or a collapse structure typical of areas Underlain

by salt beds (0ffodile et al, 1977).

In the Akiri-Wuse barytes deposits, baryte is found only in accessory
quantities with quartz and iron oxide predominant. On the whole, carbonates,
siderite nnd ankerite occupy the largest volume in terms of materiale 1o_.:-~
The siderite and ankerite are very easily weathered, giving rise to the
massive and pervasive limonitic surface cover to these deposits. Two distinct

tectonic phases and cycles of mineralisation gave rise to the present mineral
asserblage (Turaki, 1977'. & --~wovd chapdeal weathoring of the carbonates

gave rise to two types of barytes ores, (i) barytes with quartz, siderite
and ankerite as gangue, which is on the surface to whallow depths; and
(1) barytes with quartz and limonite as gangue, found at deeper levols “~1-

the zone of oxidation by weathering processes (T\:rnki, 1977).

2,3, GEOLOGY OF SALT DEPOSITS: (SUMMARY)

To understand the genepis of salt deposits and other evaporites,
cortain physical factors are taken into consideration. These factors inclhda:
factors controlling the environments of deposition and initial composition,
mineralogical changes produccd uy introstratal solutions, ricction to

stresses, and the ultimate structures formed (Borchert and Muir, 1Y6i). ™nsn
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faotors can be considered from information accumulated in many branches of
science such as! (i) Climatology which tells us about the tremendous control
whioch climate exerts on conditions of deposition and the formation of
rhythnic sequences, (4i) Mineralogy and petrology ensbles us to interpret
textures, grain shape, secondary growth, and the suturing together of grains
in terms of metamorphic changes, (:I.:'d.) Tectonics permits us to assess
correctly the importance of contemporaneous subsidence in controlling pre-
cipitation, and th;e significance of large - and small scale deformations,
both in the evaporites themselves and in adjacent beds., (iv) Stratigraphy
gives us information regarding the time and place of formation, while pale-
ogeography indicates the relative position of land and sea, the morphology
of the basins and the position of channels linking basins to the open sea,
as well as the situation with regards to the climatic belts, (v) Current
circulation, density layering in brings, temperature, and concentration
gradient in polythermal system are obtained from oceanography, and (¥i)
bacteriology and a study of radioactive decays in basin environments can

greatly help in our understanding of the geology of salt deposits,

Salt precipitation ordinarily takes place under dynamo-polythermal
conditions in sca streams, Two phases can be distinguished during the stages
of natural salt precipitation in the development of salt forming basins,

(a) The phase of the normal basin with natural precipitation of salts, during
which salt deposition proceeds in the normal sequence; and (b) the state of
the playa (saline)- like dry basin with natural precipitation of salts,
During this phase the formation of 'abnormal' sequences of precipitations
takes place (Valyashko, 1962),
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In dry salt lakes two factors determine the conditions of formation
of saline precipitates, (i) The sbsence of a permanent layer of surface
brine which preserves the already precipitated salt deposits from dissolution
during the period of dilution, (ii) The accumulation of brine with the
highest degree of concentration in the lower levels of bottom salt deposits
and the slow mixing of their components (Valyashko, 1968), The order of
succession of salt crystallization, determines also the normal order of their
deposition, Salinc deposits which very of'ten form as diapirs have either

tectonic or non~tectonic origins,

2,3,2 THE NIGERIAN BRINE FIELDS

The Nigerian brines issue in form of springs from cretaceous sediments
(0ffodile, 1975). This sedimentary sequence of upper cretaceous age out-
crop within a broad belt of country extending from the vicinity of Enugu
in the SE (or from the Cross River valley in the south) to Potiskum in the
NE (or to the Gongola basin in the north) through the Benue valley (Phoenix

and Kiser, 1966); Dffodile, 1975) (fig. 9 in map holder at back cover),

The origin of the Nigerian brines has ongaged the interest of a lot
of workers for some time and many hypotheses have been put forwawrd in this
regard, However, no conclusive evidence or results have been obtained which
could resolve the problem of the origin of the Nigerian brine deposits., Some
of the hypotheses that havc so far been suggested for thc origin are
sumnarized below:

(1) Palconer (1911) suggested an origin from evaporitic sequences

and observed that saline deposits of connate origin commonly occur near the
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aplces of anticlines or domes,

(41) Tattan (1942) and Simpson (1949) were of the opinion that the
brines are derived from sea=-water trapped Qs connate water in pore spaces of
marine muds which later changed to shale, Intense folding and fracturing

forced the salt out of the shale into sandstones associated with thenm,

(iii) McConnell (19549), however, suggested that the salt springs
represented a late hypothermal phase of an expiring recent local volcanio
activity, This he supported by the presonce of comparatively recent igneous
intrusions near all the brine springs and also the relatively high percentage
of bicarbonate and carbonates in the spring waters,

(iv) Parrington (1952) proposcd that the springs are seepages with
the salt content derdived by the leaching of disseminated alkaline salts,
Also that the springs emanate from both conrse and fine sediments and show
no direct association with ignoous rocks though they are more common near
areag of mineralization.

(v) Pargeter (1956) supported the connate water origin but without
eny volcanic source.

(vi) Phoenix and Fiser (1966) suggested the possible existence of
evaporitic deposits which are equivalent to the sediments of the lower
Cretaceous of Gabon and Congo (Hirtz (1965) - Belmonte et al, (1965)). They
were also of the opinion that the differences in the concentration of iodide,
fluorides, sodium chloride, magnesium, bicarbonate nitrate, and dissolved
solids may be from the different origins of the springs, or due to the
Juxtaposition of the springs with mineralized rocks along the fault zones

and volcanic rocks, and also the organic matter in the spring waters,
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(vii) Okezie (1966) also supported the idea of an evaporitic source
such as a saline dome while Beltaro and Bojarski (1971) supported the idea
of evaporitic deposits, and also suggested that the tertiary intrusions were
responsible for the galena, sphalerite, baryte, fluorite, subordinate pyrite
and silver mineralisation, Orajaka (1973) proposed the possible existence of
a rock salt deposit for the origin of the brines in the southern region of the

Benue trough,

0ffodile (1975) on the other hand disagrees with the proposal of a connate
and the hydrothermal origin for the Nigerian brincs., He however, supported
(a) the possible existence of salt domes; (b) disseminated salt grains within
pore spaces and or intercalations of thin salt beds of evaporitic origin

within the eretacecus sedinents,

The problem of the origin of the brine springs can only be resolved by
more detailed geological surveys of the salt spring belt, drill-hole tests,
chemical analysis of the spring waters, and detail geophysical survey of this

belt for the accurate location of nnsaible sa1t Aernsids,
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CHAPTER 3

GRAVITY SURVEY

3,1 BASIS OF THE GRAVITY METHOD:

The gravity mothod is based on the measurements of small veriations in
the acceleration due to gravity. The difference between the observed
variations and the theoretical values of gravity caloulated from n knowlcdge
of the gravitational field of the earth is called o gravity anomaly, The
theoretical vnlues of gravity used in tho caleculation of the Bonguer gravity
anomaly, the type of anomaly cammonly employed in geological intcrpretations,
includes the offect of latitude, elevation, mass above and below a chosen
datum planc, nnd local torrain departurcs. The anonaly velues indiccte any
departures from the mass distridbution assuncd in calculating the anomaly,
Horizontal variantions in density cnusing theso departurcs are the origin of
the gravity anomaly, while vertical variations in density of horizontal
layers affcct all cbservations to the some degree and therefore will not
affect the ~nomely (Hinze, 1966), Thus, the dcnsity conirasts of prrtirmdaw
interest in gravity prospecting for mineral deposits arc the variations betveen
the deposits and the country rock or the contrast betwcen formations having

or stratigrnphic relationship to the occurence of the ndineral deposits,

3,2 INSTRUMENTATION

In this survey, the LaCoste and Romberg gravity neter model G-446 of
the departnent of Physics, Ahmadu Bello University, was uscd "or the gravity
neasurencnts, The choice of the method and instrument was prompted by the

nature of the swrvey, and the availability of cquipment and timo, Also salt
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domes are gencrnlly alweys indicated by a relatively low Bouger anomaly on

a Bouguer grovity map wherever thoy exist within scdimentary rocks of higher
densitios, The reliability of the instrument, its compactness, easc of
transportation and operation, strongly recommends it for this typc of survey,
In Hamilton and Brule (1967), it was observed that under most comditions the
instrum nt gives excellont results and that the drift of the instrument after
earth tidal corrections have been removed is generally negligible except
when vibration induced, If the instrument is storcd and is kept on heat,
the drift does not exceed +0.2 g.u., per day, Also under ficld conditions
where there is no exposure to excessive vibration or too severe thernal or
mechanical shock, the instrument waintains its quiescent drift character,
Erratic performance due to vibration nmay result from transportation on
carricers such as helicopter, motor toboggans, trains and some fixed=-wings
aircrafts, In which case certain precautions necd to be taken, otherwisc

no problems from vibrations arise with wany methods of transportotion,

Prior to the actunl ficld work, tho instrument was kept under obsecrva-
tion for three consecutive days., Al)l the observations were made in room
P208 of the Physice Dopartmont. An average emplitudc of asbout 1,6 g.u. with
an average hourly meximum varintion of about 1.1 g.u. was recorded {fig. 10).
A nnxinmum tidal veriation of about 2.6 g.u. was recorded in five hours.

The gr-vity rcrdings, aftor tidal corrections had been applied arc =zlso
shown in fig, 10, The small variations in the tidal corrected readings could
be attributcd to the instrumental drift (quiescent drift) owing to the
elastic crecp in its spring members. The average daily drift of 1.4 g.u.

which was rccorded, though much higher than the valuc of 0,30 g.u. per doy
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stated by the manufacturers for the instruments was comparable with a drift
of 1.7 gu. per day for model G-42 of Zomorrodian (1972),(Umego, 1978). It
is however, possible to have such large drift with frequent use of the
instrument and with age, During this period of observation, the coffect of
temperature and the instrument's sensitivity to elevation were also tested,
It was observed that when the instrunent was maintained at 52°C for about
2 hours before rendings were taken over o period of 6 hours, an average
increase in drift of about 0.9 g.u. was recorded, The operating temperature
for the instrument as quoted by the manufacturers is 50°C. However, it wos
observed that under normal conditions the instrument has always maintained a
temperature of about 519C. Finally it was observed that an average gravity
variation of about 3 2,65 g.u, was obtained for an elevation wriation of

+ 1.0 m, when rcadings were taken at different floors of the Physics Depart-

ment,

3.3 FIELD PROCEDURE

The actual field work was undertaken within a period of sixtoen days
from the 9th to thc 20th of December, 1978, and from thc 13th to the 16th of
July, 1979. Beforec the start of the gravity field measurement, the mapping
out of the grid lines, the location of the gravity stations =~nd the elevations
of the stations werc detcrmined by Mr, J.A. Knight (4978) Department of Lands
Survey, Ahmadu Bello Univorsity, Zaria. The topographic contour mnap of the
area wos also made by him, This was a projeet undortaken by him on behalf
of the Physics Departnent., The grid map and thc topographic map are shown

on figs, 11 and 12 respectively.

The grid lines run in the West-East dircction, with a contral line
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passing through Akiri village and the salt pits, The four extreme corners
of the grid are marked with numbered cement pillars, The grid lines running
in the cast~west and the north~south directions through the contre of the grid
area, also have numbered cement pillars at their ends and at the cetral point,
The grid is supposed to cover an area of 4.8 l:mz, but owing to the currature
of the River Ankwe into the area, the southernm end is reduced to 3.2 km in
width, There arc seven west-east grid lines, 800 metres apart and on each
grid line there are thirtcen gravity stations at 400 metres intervals, At
some stage of the field work, another grid line was added between the sixth
and the seventh gridlines at the northern end, This brought to a total of
eight grid lines traversed. This implies that a sixth of the survey arca

was covered by 400 m square grids while the remaining part was covered by

LOO x 800 m square girds,

For easy reference and location, the grid lines were numbered fron
10 to 58, starting from the south to the nortth with increments of 8, The
gravity stations aleng tho grid lines were 2lso numbered from 10 to 58 with
increments of _4 starting from the west to the east. Thus, each gravity
station has two numbers indicating the row and the column of that station,
In addition, the corent pillars have the proefix NMC on them, Hence, the

central grovity station marked by a comon® pillar has the number NWC 34, 34.

The firat day of the field work was spent in tying the station NMC
34,34 to Umego's (1978) Standard base station (Number 9,000) r4 Ribi., This
station hos already been tied to the first order base of the Nigerian calibra=-

tion line at Jos (Verheijen & Ajakaiye, 1978)., Subsequent reduction of
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all other gravity measurement were mede with reference to this station

(NMC 34,34) with the plane through it as the reference datun plane,

Owing to the geography of the area in terms of vegetation and the absence

of lines interocnnecting the mapped out grid lines it was not possible

within the limited time to obtain a systematic closed base loopa at the first
instance, Instead, the available foot paths running across the grid lines

were used to establish base stations at any convenient points. However,
during the later part of the field work, o base network system was esteblished
as shown on fig. 13. In all fourteen basc stations werc esteblished to cover
the whole survey area, After the rcadjustment of the base network to
eliminate the initial closure errors, the adjusted gravity differences as
indicated on fig, 13 were used to calculate the absolute gravity values for
the base stations. An average drift rate of about 1.0 g.u. per hour was

obtained during the survey,

3.4 GRAVITY FIELD MEASUREMENTS AND REDUCTION

To minimise the effect of the instrumental drift, the time interval
for the loops wes maintained between two hours to two and half hours, This
was as a result of the drift observations carried out prior to this field
work, during which a mean maximum drift of about 2,6 g.,u., was recorded in

the period of five hours,

Gravity measurements werc made systematically at the dcteiled stotions
within each loop, At each station repeated reading which differ by about
one to three significant least figures were recorded, Readings werce always

started and ended at base stations that were interconnected, Also readings
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for any new day starts at the last base station of the previous day,

With the exception of terrain correla’ion all other forms of corrections
applied to gravity data were affected. The terrain correction was not
carriecd out due the size of the survey area and the gentle slope of the
ground in most parts of the area, 1In the whole survey, only four stations
were loc.ted on relatively high grounds, A maximum terrain corrcction value
of about 0,01 g.u. was estimated for these stations., Drift, latitude, and
elevation corrections were applied using conventional methods and formulae,
These corrections were all computed manually., Alszo the Bouguer anomaly
was computed using the expressiong

B = -8b - g(e) +7g. (sb) - 287G (sh)s ey ==~ (1)
while the free ir anomaly wa:hobtai::d using the exprossion:

T =Eob"8(°)"Eﬂ-(:"h)«‘!'-f-‘-“;,""""(z)
th 5z

where,

Latitude correction

&81,

%E- = 0,308595 mgals per metre

8ob = Observed gravity value,
g(e) = theoretical gravity value 2% latitude @
th
G =  universal gravitational constant
h = S8tation elevation relative to the datum plane,

-~

K = Assured cwnstal donsity of 2,67 x '{IO3 kg-m"z'
The assumed density value of 2,67 x ‘!03 kg-m"3' as the mcan crustal density

for the deta rcduction was necessary for correlation with previous works



around the area (Cratohley and Jones, 1965:; Ajakaiye and Burke, 1972;
Ajakaiye and Ajayi, 1978 Umego, 1978). Dobrin (1976) and Parasnis (1975)
have also given this value as the mean crustal density at depth, Also as
the measured densitics of rock samples collected may not be good represen-
tative of rock types at depth and as the necr-surfaoce density of 2,71 x 103
kg-ri~? cbtained by the Parasnis (1962) method (see fig. 17) compares well

with tho above, it was deemed fit to use the above value for the present work.

The refercnoe datum plane is the plane through the base station NKC
3%, 34 which is at o height of 121,099 metres, above sea level and ot the
latitude of 8923' north, The latitude correlation, was computed with the
expression: _
g, = (3.017 sin 8 = 0,00674 8in220) /@
where 2@ 13 in minutes, This correction was subtraocted from the gravity
values north of the reference latitude and added to values south of this

latitude, The theorotical gravity value at the latitude of 8923' was computed
with the 1967 International Gravity Formula(Jacohs 197L).

The resulting Bouguer and free air anomalies were contoured by hnnd

at 5 g.u. intervals and shown on figs, 14 and 15 respectively,

Inaccuracies resulting in errors in the Bouguer anomaly are Perhaps
due to small errors in the latitude correlation and in determining the eleva-
tion of the gravity stations. An error of one minute in the latitude results
in an error of about 4 0,009 g.u, in the latitude correlation, The stotions
elovations were determined with an ncouracy of about + 0,05 m, which could

result in an eclevation correlation error of + 0,15 gou, Also the Bouguer
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density of 2,67 x 103 k‘-m"-" used is higher than the moan density
dotermined for the rooks of the cretaceous sediments in the area whioh is
2,45 x 1073 kg-m~3, These same rocks were asoribed a density value of

2,40 x 1073 kg-a> by Cratohley and Jones (1965). With the elevation error
of sbout 1. 0,05 m, the Bouguer anomaly will be in error by about * 0,28 B

for the maxinum elevation difference of 60 metres encountered in the swrvey,

Apart from the above mentioned sources of errars, other sources of

errors include calibration error of the graviweter, precision with whioh

the instrument was read, errors arising from the variation of free-air
correlation factor with elevation and latitude, and finally error due to
terrain effect, As stated earlier, the terrain corrclation was necessary

for few gruvity stations within the south=epstorn corner of the grid, Thie

is possible to introduce an error of about 0,04 g.,u, A cunulntive errox,
arising from all the sbove sources will result in an estimated error of

about 4 0,45 g,u, Thus, with the standapd bage (Umego's, 1978) asourate to
within + 0,23 g.u,, the maximum error in the Bouguer anomaly will approximate

to about + 0,68 g.u,
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Fig.14 BOUGUER GRAVITY MAP OF THE SURVEY AREA
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3.5 DENSITY DRTERMINATION

3.5.1 INTRODUCTION
The accuracy of Bouguer anomalies and their interpretation depend greatly
on the assumed densities of rocks or more accurately, the density differences
between rocks, Density is of fundamental importance in gravity surveys aa;d
errors o. about 0,1 gm—cm=3 will cause a large error in the intcrpretation
of gravity anomalies where two adjoining rock formations differ in density

by this amount,

It should also be noted that relative rock densities are crucial for
the solution of many questions relating to magnetic equilibra and different-
iation, the emplacement of magmatic bodies, mctamorphism, mountain biilding,
the nature of the carth's interior, the facts of seismology, and the theory

of isostasy.

3.5.2 SAMPLES COLLECTION AND IDENTIFICATION
In density measurcments, it is not oftten possible to carry out field

determinations, nnd so most of the measurements are done in the laboratory
using samples collected in the field, For this purpose a total of 78
samples were collected from different places within the area. These samples
include L5 samples of the most abundant rock outerop, beach sands, and clay
materials near the ground surface and from deep dugout trenches, Most of
the outorops have been very much weathered, so care was taken to collect
fairly fresh somples and attempt was made to collect samples that were
representative of the type outcrops within the whole area. The Keansa forme

ation which underlies the whole area of survey does not outcrop within this
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area, The area is mostly covered by recent sediments which are mainly sand,

clays, laterite and fine-grained micaceous sands around the beach,

From the samples collected four main types of rocks can be identified,
These inolude, quartz and quartzites, massive fine to medium grain sand=-
stones (some of them highly ferruginised), ironstones, and some fluvio-
voleanics type of rocks which have fragments of quartz, barytes, coal, and
chalcopyrite cemented together Ly ironstones and sometimes by iron-rich
laterite. The above indicates that this area is within the area of active
volecanism and intrusions and is perhaps highly mineralised, This might have
been in the mid=—Tertiary during the period when the beds within the Benue

trough were being folded and uplifted (Wright, 1975).

3.5.3. DENSITY MEASUREMENT
It is of'ten not easy to obtain accurate bulk density valucs from rock

samples beaguse of the difficulty of finding fresh unweathored samples,
fragementation and or dehydration. BEven then measured values depend markedly
on the degrec to which the pore spaces are filled with water, Also, as
facilities for insitu measurements arc not often available, both dry and
saturated measurements are normally made, Though Nettleton (1940) and Parasnis
(1952) have proposcd analytical methods of determining densities, Nettleton's
method can only give density information at relatively shallow depth and can
only be used when the near-surface lithology is homogenous, Horover, the
mean value of both the dry and saturated determinations approximates very

closely to the insitu demsity of the rock (Parasnis, 1975).

The dry and saturated densitics of the rock samples were determined
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as usual with the electronic mettler balance No, PS15, After the dry density

measurements had been completed, the samples were left completely immersed in

water for over 36 hours before the saturated density measurements were made,

The density (3 of any material is given by the expression:
2 S
L. . Wo
L

where W, is the weight of the material in air and W, is the weight of the

material when completely immersed in water of density 1,000 kg—m‘5 or in any
liquid of known density. The mettler balance can measure weights with an
accuracy of 0,001 kg and the weights of the samples used range between 0,600
kg and 1,540 kg. The density values, thus obtained are accurate to about

+ 0,02 x 103 kg—m-s.

Out of the 45 samples of the rock types collected, 12 of then ‘Were
ifléntified as massive, fine to medium grained sandstones. These samples were
collected at the south eastern end of the central part of the survey area beyond
Akiri and towards the south western areas around Wuse (fig. 7). The sandstones
do not outerop much within this area and they are probably of the Keana forma-
tion which underlies all of the survey area, The calculated mean density for
this rock type is (2,45 + 0,09) x 10° kg-n™>, and the estimated dry and saturated
mean values are (2,46 + 0,06) x 107 kg-m~> and (2.4 + 0,12) x 109 lcg-m"'3
respectively, Fig. 16 shows the density histogram for the #2 samples, which
has a modal value of 2,48 x 10"’ kg=m™~ that is comparable to the mean density
stated above. Also, this mean value compares well with the value of 2,45 —
2.50 x 10° kg-m™ obtained by
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Cratchley and Jenes (1965) for the Cenomanian - Bima sandstones, With the
exception of only two of the samples that gave large deviations in their
dry and saturated densities, probably due to weathering and or lerge pore
spacings, the rest of the samples have maximum deviations of about 0,02 x 103

..3.

kg-m Using the relation for pore porosity

g = Ws - Wq x 100,
LA

the pore porosity @ for the sandstones was calculated to be about 4,0

per cent. In the above relation;

ws = weight of the saturated sample in air
g = weight of the dry sample in air
W, = weight of the saturated sample in water

The remaining 33 samples of the type outcrouqllncteﬂ in the area is
made up of ironstone (Limonite ?), quartz and quartzites, and some volcanic
rock type. Two of the ironstone samples show some intercalations of vory
thin beds of light brown fine grain saondstones. All the ironstoncs were
collected at about one kilometre east of the Akiri saltpits and about 300 m
south east of Akiri village, The mean density cbtained for the 14 samples
is (3.22 &+ 0,17) x 103 kg—m-B. The large standard deviation obtained nust
have resulted from the sandstones impregnations and some angular frognents
of laterite found in the samples located in the south east of Akiri, A
histogram of the density values is shown in fig, 16. According to Mackay
et al (1949), 4ronstones consist mainly of limonite and haematite, with

undetermined amounts of alumina, and sometimes a little manganese; and they
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occur in three varieties, The type located in this arca is the oompact,
homogeneous irmnstone which is composed mainly of limonite end has a platy
structure, Some iron-rich vesicular latepites and baryte veins wore also

found in the ironstones.

The volcanie or the fluvio-voleanic rock type found in this ares is
composc . of fragments of quartz and barytos cemented together by laterite
rich in iron, PFragments of chaloopyrite, ccal, and fine grained sandstones
were also identified in some of the samples, This rock type is nssociated
with contact zZones in areas of igneous intrusions., Tho samplcs wore located
mainly in the areas south to south-west of Wuse, The mean density of
(2.58 + 0,08) x 10‘1’ kg-m-'3 was obtained from the 12 samples of this rock
type. This value comparcs favourably with the value of 2,61 x 10° lcg-l:x"3
obtained for acid igneous rocks by Telford et al (1976), and the value
of 2,62 s 0,05 x 107 ]:g-m-3 obtained for the Tertiary to Recent voleanios
of the Nigerian Younger Gravite Province by Ajakaiye (1975). The density

histogram for this rock type is shown on fig. 16.

The quartz and quartzites were tho othor rock type located within the
area, The quartz ere the milky and vesicular type., The sevien samples
collected were lowvated alsc in the scuth to the south west of Wuse, A mcan
density of (2,56 &+ 0,02) x 10"' kg—qu wes obtained and this is in fair
agrecnent with the value of (2,594 3 0,029) x 103 kg—mﬁj obtaincd for
the upper Benue valley area by Osazuwa (1978) and the published valuc of
2,60 x ‘H)3 lcg--m“3 by Telford et al (1976).

Fig. 16 shows thc combined density histogram for tho igneous, volcanic
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and other rock +ypes exoluding the sandstones., The denslty date for all

the rock types and sediments sampled are shown in table 5.

The densities {?s of the sediments were obtained using the specific

gravity bottle method and the expressiony

nl

G* (% - % &
(W~ W) (Ws-Wp)

Where Qi » density of the liquid uscd, in this case water,

W, = woight of the empby gravity bottle,

Wy = woeight of the bottle filled with water,

Wo = weight of the bottle, half filled with sediments,

W3 = weight of half sediments filled bottle, filled completely
with water,

For the interprctation of gravity data, the density dotermination for
surface sediments are not of great importance and thus are not of'ten carried
out, except when any near surface anomalous structure is contained within
them, The density volues obtained for the different rock types above nay
not be a perfect representation of the field situation owing to (i) the few
number of samples collected: (ii) The variation in the compactness of the
rocks at different horizons; and (1ii) the probable alteration of the host

rock by wenthering, metamorphic and igneous activities. Thus, for more accurate
and true representative density information of the area, it will be nccessary
to obtain reliable borehole information and also a more comprehensive

surface density measurements that will involve a larger number of samples

covering the whole arca in more detail,



DENSITIES OF ROCK TYPES SAMPLED IN THE SURVEY AREA

TABLE O

ROCK TYPI NUMBER OF| DIRY DENSITY SATURATED DENSITY OVERA.L STANDARD
SAMPLES Ewpw DEVIATION
RANGE Ew% RANG; ___m.wm x 10
x 109 x 1 x1 x 1
(kgn) | (ke=D) | (kew) | (kgeod | (kg-D)
Scdimnents
{Sands, Clay, 33 1.12-2,01 1.58 - - 1.58 0.09
Sail) ¢
(Rocent)
Sandstones = N
(Cretaceocus) 12 2.38-2,54 2.46 2,09-2.56 2.5 2.45 0,09
Quariz &
Quartzibes 7 2.52-2,58 2,56 2,51-2.58 2.55 2.56 0.02
Volcanics
A Tertiary) 12 2.4,~2,68 2.56 2.45-2, 73 2.60 2,58 0.08
Ironstone
MH imonitie) 14 2.86-3.40 3.22 2.89-3.42 3,22 3,22 0.17
Tertiary) {
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CHAPTER 4

INTERPRETATION OF THE GRAVITY DATA

4.1 INTRODUCTION

A Bouguer gravity contour map is practically always a combination of
(i) relatively sharp ancmalies which must be of shallow origin; (ii) anomalies
with intermediate dimensions which may be probably indicative of geologically
interesting sources, and (1ii) very broad anomalies of a regional nature
which have their origin far below that of the section within which the goo-
logical interest lies (Nettleton, 1971). Gravity interpretation, thercfore
frequently begins with some procedure which separates the anomalies of interest
from superficiasl disturbances on one hand and the smooth, presumably deep
regional effects on the other hand, The anomaly separation procedure is perhaps
the most eritical step in the preparation of gravity data for interpretation,
It is necessarily an empirical process and broadly may consist of either
of two methods, Namely, an intuitive graphical method or an analytical method
involving n inumerical procedure applicd to an array of values usually on =2
regular grid (Nettleton, 1971).

The analytical process is basically a filtering process intended to
enphesize or cnhance certain components of the gravity field and suppress
othors., The analytical method can take any of the following three forms,

(1) Te use of vertical derivatives which are often very offective in sccen—
tuating local e¢ffects that may have smell amplitudes relative to the gradients,
but often produce strong curvature changes. Derivative maps are of'ten very

useful means of locating and identifying local anomalies in difficult cases
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but it is however, difficult to interpret the results obtained from deriva-

tive computations. (ii) The method of least square smoothing which involves
the fitting of a mathematical surface, such as a low order polynomial to the
gravity data, This method has the advantage of the use of the computer and
the methods of statistical analysis only. The errors involved may however,
easily be of the magnitude of the looal anomaly under investigation,
(44i) Finally, there is the "Gridding" or the "Centre-point-and-one-ring"
method, This consists of calculating the regional gravity at a point as the
average of a number of values of the Bouguer gravity on the circumference of
a circle of arbitrarily determined radius about the point, The method is very
sensitive to the choice of the radius of the circle and is effective in out-
linning the position of a local anomaly, but becomee inapplicable at the adges
of ?:he sr.’f.q. '.E:h:!.s method is quﬂlw mechanical,
o 'l'h'a ;i.;utuitive graphical method or the visual smoothing is the most often
employed method, Here the regional effect is obtained simply by visually
smoothing the Bouguer gravity contours using the undisturbed parts of the contour
map to provide the regional trend which is then continued smoothly through the
disturbed areas., This method is very dependent on the skill and experience of
the interpreter but it is flexible, and direct use may be made of any available
geological information, Though this method is entirely empirical and depends on
the operatordk judgement, it is economical and when skillfully applied leads
to effective isolation of local anomalies and the simple results obtained are
directly amenable to quantitative analysis,

In the following report the visual smcothing method is employed to remove

the regional background, This method is employed primarily because of its
adaptability to geoclogical interpretation, The analytical methods are mainly



convolution processes and residual anomalies obtained from them are not readily
adaptable to quantitative interpretation of the possible geological cause of
the anomaly (Skeels, (1966); Nettleton, (1971).

4,2, DESCRIPTION OF THE BOUGUER ANOMALY

The Bouguer anomaly map of the area indicates that the area is charact-
erised by general negative anomalies (fig, 14), Generally, there is a strong
WSW-ESE regional trend in most of the area which later trends almost in a W-E
direction towards the extramennc®Bb. The Bouguer anomaly values range from
- 1é§ to - 230 g,u. and there does not appear to be any apparent correlation
between the Bouguer anomalies and the elevotions (figs. 12 and 14). However,
it is observed that the free-air anomalies and the elevation oxhibit some
direct correlation (figs. 12 and 15). This observation is consistent with the
view expressed by Nettleton, (1971). It is also observed that apart from a few
local disturbances superimposed on the strong regional trend at some places
within the area, there is no typical salt dome anomaly cvident from the gravity
map, This effect might have resulted from the predominant regional trend over

the gravity effect of shallow and relatively small structures,

4.3. THE RESIDUAL ANOMALTES

As was stated above, for quantitative interpretation of the possible
geological cause of the prevailing anomalies, the visual smoothing method was
employed in removing the regional backgroung, The residual anomalieg obtained
are shown on fig. 18, The anomalies have been contdured at 1,0 g.u, intervals,

On the residual anomaly map, the follwing anomalies or features can be
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Fig. 18 Residual Anomaly Map
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jdentified. (i) Two elliptical closures with values between + 1.0 and + 240
g.u, (ii) Four negative closures which are almost circular and having value
that range between - 1,0 and - 7.0 g,u, The maximum negative closure of
~7.0 g.u. is located south of Akiri saltpits, (iii) Two positive anomalies
whose closures are not well defined appearing at the north-western corner and
at the west-central extreme of the survey area, (iv) Three negative partial
closures are located around the east-central extreme, the south-eastern area,
and at the west-south-weat corner near Sabo-Wuse., As indicated on the residual
anomaly map, these partial closures are of greater magnitude than the closure
mentioned earlier, It will therefore be necessary to extend the survey area
~about one kilometer tec the scuth-west, and also about one and half kilometer

“~ in the east to south-eastern directions, This will aid in defining adequately,

the negative closures particularly.

d Five profiles A-A', B-B', C-C', D-D' and E-E' have been taken as shown on

© fig, 18, for the quantitative interpretatien of all anomalies indicated, The
Bouguer anomaly, the free-air anomaly and the elevations along each of the
profiles have also been plotted on figs, 19 to 23 for easy comparism, Along

profile A-A', there appears to be a fairly direct correlation between the

» Bouguer anomaly and the elevation, while the free-air anomaly shows an inverse
correlation with the elevation, Similarly, along profile B-B' there is a
p#rtial direct correlation between the free-air anomaly and elevation, while
the Bouguer anomaly exhibits some inverse correlation with the elevations,
In the case of profile C~C', the Bouguer anomaly and the elevation show both

direct and inverse correlation, while the free-air anomaly has an inverse

correlation with the elevation. Along profile D-D' the Bouguer anomaly and
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the elevation show a fair direct correlation, but however, the free-air
anomaly and the elevation exhibit an apparent inverse correlation. Finally,
along profile E-E', the Bouguer anomaly and the elevation show some form of
direct correlation while an approximate inverse correlation may be ddduced

for the free-air anomaly and the elevation,

L., CORRELATION OF RESIDUAL ANOMALY WITH GEOLOGY
A comparision of the only available geological map of the area (Offodile

et al, 1977) on fig. 7 and the residual anomaly map (fig. 18) shows very

little or no direct correlation between them, Despite this lack of correlation
a plausible geological interpretation has been attempted as follows:

Apart from the major negative anomaly located around Akiri (fig, 18) which can
be directly adduced to be due to a low density material, possibly a buried
evaporitic deposit, the other suspected major negative anomalies, at the
western and eastern ends of profile B~B' (fig, 18), can be attributed to
either of two possible origins, Firstly, these anomalies could be due to large
variable thicknesses of sedimentary beds within an undulating bedrock, The
elongated negative anomaly located around the southern ends of profile A-A'

and E-E' has a similar origin and, or is due to low density recent sedimentaxy
beds within the valley-like depression in that area (see fig. 12). Secondly,
these suspected major negative anomalies could also be the result . low
density material or evaporitic piercement salt bodies of intermediate size
within the sedimentary host rock., The ancmaly at the southern end of profile
D-D' is more favoured by this second interpretation as a result of the geolo-

glcal observations (Offodile et al, 1977) of a possible domelike structure
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due to a salt diapir, However, the anomaly at the eastern end of profile B-B!
can also be of the same origin owing to ite proximity to the Akiri salt
springs, These springs are perhaps the result of leaching out of these salt
deposits by transit underiground waters (0ffodile, 1975). Finally, it is
possible that all the negative anomalies within the southwestern area, are
due to a single low density material, perhaps, a salt dome overlain by some
high density caprock possibly irom stone. It will however, be necessary to

extend the survey area in order to properly define these anomalies,

The smaller negative gnomalies located around the mid-points of profiles
D-D' and C-C', and at the northern end of profile A-A', have gentle gradients
and fairly broad lateral extent, These could be ascribed to depressions in
the bedrock filled by cretacecus sediments, The anomalies are also observed
to be located between positive anomalies in all cases, which lends some support
to the above proposition for their origin. It could also be suggested that
these anomalies result from shallow salt come with some high density caprock,.
However, owing to the varying sizes, location and the assymimetry in the

anomalies, the later prmposition is not very likely.

The four positive anomalies identified on the residual anomaly map are
possible due to raised portions of an undulating bedrock. This proposal is
particularly fitting to the anomaly at the north-western corner, owing to its
relative broad and elongated pattern even though the anomaly is not clearly
defined, The other three positive anomalies are located around the vicinities
of mapped baryte vein ridges. These barytes are found in association with
quartz, lead, zinc, and iron minerals as gangue. The origin of these barytes
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has also been ascribed to the result of the readtion between the salt brines
and the ascending waters of hydrothermsl origin (Offedile et al, 1977)s
Thus as these anomalies are all located near suspected salt deposits, a more
probable source of the anomalies can be attributed to the thinning of the

cretaoceous sediments due to the intrusion of these mineralised ' ridges,

The geological map (f41g., 7) shows that the survey area has a general
simply geology, though it failed to show most of the igneous intrusions
extending from the east-contral area to the southwest that were observed on the
field, Similarly, most of the barytes veins shown on the geological map
have no anomalies associated with them on the residual anomaly map, This can
possible be due to the poor degree of mineralisation of these veina, their
small size, and their depth of burial such that their gravity ef'fect may have
been merged in the regional background and, or conpensated by the gravity

effect of the low density overlying cretaceous sedimentary rocks,

L.5 QUANTITATIVE INTERPRETATION OF THE RESIDUAL ANOMALIES

The objective of gravity interpretation is to deduce the geological
character of the subsurface from variations in the gravitational field, The
inverse problem in gravimetry lies in determining the density variation of
the earth from an cbserved gravity anomaly, The interpretation is inherently
non-unique due to the fact that there is no single mathematical solution to
the detoMiiumtion ~f the somrce of a gravity field no matter how precisely
that field may be mapped (Nettleﬁor;. ‘f‘jﬁjl olo "ecels (1947) proved

Y uge

convineingly, based on potential theory, that no computational prgsgﬁm can

extract a uhique solution from gravity data, Nevertheless, it is often possible
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to obtain particular solutions which satisfy the values of the observed anomaly
and also fulfill additional constraints (Safon et al 1977), It is seldom,
however, that any interpretation is based on gravity data alone. The procedure
actually euwployed to interpret gravity data will depend on such factors as the
purpose of the survey, its precision and the amount of geological information
available, Quantitative interpretations sre most fruitful where there is
already substantial control on the geology of the area such as ebtained
from drilling logs or seismic data, These controls reduce greatly the

ambiguity in the interpretation,

Several methods have been used in calculating the shape of a body of
known density contrast responsible for an observed anomaly, In this work,

simple geometric shapes have been used to simulate the causative body.
Starting from an initial estimate using Skeels' (1963) method and with cylind~-

ical models an attempt has been made to obtain : an acceptable structure for

tho observed anomaly,

The choicc of cylindical models was duc to geological observations of

possible salt deposits, the shape and size of the anomalies, and the'r

general close fit for simulating small simple salt dome structures. Though
the major negative anomalies are not definitely elliptical throughout, the
availability of computational facility, and for the reasons above, right
vertical cylindical models were adopted., The relatively constant density value
of 2.20 x 105 kg-m'3 (B111lings 1972) was assumed for the rock salt, This
value has been adoptcd with the assumption that the salt mass is located at a

dopth whore the density variation within the salt mass, if any, is negligible,
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However, there is no relevant subsurface geoleogical informntion to support
this, The average density of 2,40 x 107 kg=m=> for the Crei:ccous scdinents
(Cratchley and Jones, 1965) in the area gives » density contrast of - 0,20

x 10° kg-m’j betwoon the scdimontary host rock and th. salt body. This
density gontrast and & computcr program, of Nogy's (1965) version oé
Nabighian's exprossion (1962) for the gravitotional nttrateion of a right
eircular oylinder, which has becn adapted for use on the imiversity computer
were employcd in the computations, The Keana formation which undoerlics ihe
whole of the survey ares, and the source of the salt mass is supposcd to have
a thickness of about 1500 m ESSO (4967), 0ffodils (1976). Hence all models

were designed to have the maximum thickncss of sbout 1500 n,

As was stated earlier (Section 4.3) five profiles have heen intendcd
for quantitative int:rpretation., However, owing to the short availabl:
time caused by lack of computer facility, ond the snmall size of some of thae
anomalies, only the major negntive anomalics, loeated at the Southern ends
of profile A-A' ond B-E' werc intcrpretcd, The anomaly ~t the ond of profil:
B-Bf could not bc fully interpreted quantitatively owing to its poor closure,

but has been howcver, correlated with thae former two profilcs,

A possidle wrodel for the anomaly oa profile A-A' is shown on fig, 24
as & vertical cylinder 1850 m in diameter, and huricd at o mcan dopth of
415 m. This cylindrical model is intruded by an iron oxide rich body with
a density contrast of 0,82 x 105 kg—m'B. The intrusive rock haos a dl-ncter
of about 5,0 n and its top surface ot its central point, is buwricd at o dopth
of about 411 m, The centres of the salt mass and thot of the iron rock are

located on tho surface at points 1330 m ard 1310 m, 38° South of Akiri,
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With the ironstonc mass removed, an ostimated rock ssalt mass of about

2.4 x 102 tonnes is Contained in this model.

Similarly the model for the anomaly on profile E-E' is shown on fig. 25,
This is also a cylindrical model intruded by ironstone sill plug, The mass
has n dianeter of 1840 m and ita top surface is buried at o depth of 412 n
while the iron rock has 2 diemeter of 540 m and is at 2 mean depth of 441 nm
at its central point. The locations of the centres of the sslt mass and
the iron rock on the surface are 1840 m and 1830 m 30° south-cast of NUC

34,34, A salt mass of about 2,38 x 109 tonnes is estimated for this model,

Unique solutions are (virtually impossible in gravity interpretation,
The nodels presented are based mainly on the available data and simple
assumptions. Discrepancies or deviations in the computead anomalics are
poerhaps due to overhangs common to salt domes, irregularities on the surface
of- the intruding iron rock, non-symmetry of the actual cylinder, and or the

erosional ceffect of ground water at some depth within the salt nass,

Figs. 26 and 27 show some other models which were adopted for the
anomalies but could not give any good fit to the obsorved anomalics, For
these models, two dimensional polygonal models were adopted. The baryte
caprock was adopted because of its occurrenoe within the anomalous area
(see fig. 7), while the volcanic intrusion was adepted as the voleanic rock

type is one of the rock types located within the survey area,
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CHAPTER 5

5.1 SUMMARY OF RESULTS

The free-air anonaly map show some direct correlotion with the topo-
graphy of the area (fig, 12 and 15). The Bouguer anomaly map show a
characteristic west-south-wcst to east-north-cast trending negative
anomalies (fig. 14). There are minor anomalies on the Bouguer anomaly map
mainly within the southeastern s2reas, and at the extreme north. The anomaly

values range between =165 to =230 g,u.

The residual anomalies were cbtaincd by visually removing the regional
anonalies from the Bouguer anonaly map, Only one composite major negative
anomaly was obtained within the southeastern part of the survey area,

Sone other possible major negative closures are located at the ends of
profiles B~B' while threc other smaller negative anomalies are found
dispersed within the arca, Two small pesitive closures are interspered
within the negetive anomalies and two possible major positives are located

at the eastern end of profile C-C' and at tho northcrn end of profilec D-Df

(ﬁB- 18)-
A quantitative intcrprotation of the major negative anomaly gave a

vertical cylindrical salt body that has been intruded by an iron oxide rock
mass, as the cousative structure, This view derives its validity from the
available geological information on the area (Offodile et al, 1977) and
field observations, The models on profiles A-A' and E-E' are located with
their centres at 1330 m to 1310 m 38° southeast of the base station MMC
34,34, About 2,4 x 109 tonnes of salt mass has been estimated for this

deposit, Other models that were atterpted (figs. 26 and 27) suggest that
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the causative body of the observed anomalics is not a baryte-cappzd-salt

dome nor a salt dome with a voleanie intrusion,

5.2_DISCUSSION OF RESULTS

The predominant negative Bouguer anomaly and its tremd conforms with
the observed trend of such anomalies within the Benue trough (Cratchley and
Jones 1965), Ajakeiye =nd Ajayi (1977). As postulated by Cratchley and
Jones, these negative anomalies arc probably due to the thickness of the
Cretaceous scdiments in the trough. This is known to be about 6000 m

thick at its decpest arcas (Offedile 1976),

The minor anomalies on the Bouguer anonaly map do not show typical
salt dome character ncither do the anomalies correlate with the geology of
the area. This could be due to the relatively small size, and the gravity
effect could be nasked by the strong rcgional background, The negative
anomalies found on the resultant residual anomaly map cen be attributed to
the presence of shallow small salt dcpeosits and recent sediments within the
sedimentary host rock. The Keana formotion which underlies the whole of the
survey area is known to be impregnated with thin salt beds of evaporitic
origin (0ffodile, 1976). These thin salt beds have formed into shallow
small salt masscs by non-tectonie processecs and the gravitational effect
of such structures can be casily masked by a strong regional background,

The absence of any typical salt dome charactcristics on the Bouguer anonaly

map can thus be attributed to the above cause,

The shopes of the modelled anomalies (profiles A-A' and E-E') initially

suggest two spherical salt bodies, However, on corrclating with the anonaly
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along profile B-B' and comsidering the magnitudes of the crests within
those anomalies, tho intrusion or capping of a dom: shaped salt mass by a
denser rock type is thon suggested. Cylindrical models approximating to
a dome with o denser rock naterianl intruding it and outflowing in a scuth-~
eastorn dircction were adopted (fig, 24 and 25), Cylindrical models have
been uscd because of their close fit for sinmulating simple dome shapes
and because of the shape and size of the anomnlies, The ironstone rock
type was chosen because it outerops widely in this arca. The ironstone
intrusion was probably a loter event as such volcanic activities in the

area were of the Tertiary period (Wright, 1976).

From the results obtained it can be concluded that the Akiri snlt
springs own their origin fo the contact between transit groundwater and
the proposed salt mass. The springs are located at the northern end of
the salt mass with the beas dipping away from the anticlinal axis, Hence
those springs :result fronm the leaching of the salt body by groundwater
movements which emsrge from cracks, fracture and partings within the

Keana formnotion,

Some of the positive anomalies are located at places where baryte
veins have bien mepped while the others lack correlation due to insuffiocient
geological informmtion of the ares, However, the primary aim of thu survey,
which is to dclineate and locate areas of possible salt deposits, has been
relatively ~chieved, despite the lask of relevant information and meny

other incomveniences that were encountered,

5.3 RECOMMENDATTON
From the results of this survey it can be concluded that salt deposit
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large enough to sust~in 2 nodern mineral industry is not present within the

survey arca, However, larger salt masses have been indicnted around the
present arce and with the incorpor-.tion of other loc~ted salt deposits,

a snlt industry may be fossible, For this purpose it is rccommcnded that
tho survey arecz be extended towards the west acrcss the river Ankwe and to
the south by about one kilometer and by about one and half kilometers to
the cast beyond Akiri, so as to properly define the indic-ted nogative
anomalies, It will also be necessary to run some seismic spreads and
possibly some resistivity soundings along the eastorn end of profiles B-B'
and the southern end of profile E-E' to conform the results of the present
work, More detailed geophysical investigations particularly gravity surveys

should be carricd out in all areas of know salt springs.

As was stnted earlicr, since the basis of gravity surveys is the
variation in the nass distribution within the earth, factual density
information thus becores a neccssary requisite for geological interpretntion
of gravity data, It will therefore be necessary to obtain borehols Aenaity
information of these areas., The Nigerian Mining Corpor~tion and any such
bodies interested in mineral prospecting should be approached to carry out
borehcle density loss in all the areas where salt springs are located,

This will provide reliable and comprehensive density information of the
areas of interest as well as that of the Cretaceous Sediments of the Bonue
Valley,

It is finally recommended that more detailed geological mapping be
carried out within and around this area, This is necessary as ther: is
very little published geclogical or geophysical information of this part

of the Middle-Benue valley. The best field season in this area is the period
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between the middle of January and the end of harch, During this period the
vegetation is sparse¢, the swamps and the river Ankwe arc dry and nll the

rocds leading to and within tho area arc usable,.
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Table 16

APPENDIX TABLE

ANALYSIS OF VARIANCE TABLE FOR:~
HATE OF GAIN IN EXPERIMENT I
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Sources of Degrees Sum of Mean F. F. Signifi-
Variation 2 Freedom Squares Square cance
Between Groups 6 6931.528 f 1155.255] 5.059 0.002
Within Groups 21 4795.223 |,

Total 27 11726,751

Table 17

FEED INTAKE

IN EXPT. 1 ;

Between Groups 6 81807.322 || 13634.554( 3.029 0.027
Within Groups 21 94525.501 ! L501.214

Total 27 176332.823

Table 18

FEED EFFI™

CIENCY

IN EXPT 1

Between Groups 6 96.87 16.2 17.6 0.001
Within Groups 21 19.32 0.92

Total 27 116.19

Table 19 i

SERUM CALCIUM

LEVELS

Between Groups 5 2.5610 0.4268] 0.556 0.762
Within Groups 35 26,8793 0.7680

Tctal 141 29,.41410.




Table 20 Serum phosphorus levels - Experiment 1
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Mean P F

Sources of Sum of . .
Variation D“Eﬁ&g; ne Squares Square L Prob.
Between Groups 3 04714 0.1571 i 0,072 0.974
Within Groups 20 L3.8091 2.1905
Total 23 Ll . 280l L

Table 21 Analysis of Variance Table for Faecal output of calcium in Expt. 1

Between Groups 6 21,6 3.6 25T«1h 0.001

Within Groups 14 0.2 0,014

Total 20 21.8

Table 22 Analysis of Variance for Faecal output of pho

sphorus in Expt. 1

Betweem Groups 6 0.03 0,005 1.72 BeSe
Within Groups 14 0.04 0.003

Total 20 0.07

Table 23 Analysls of Variance for calcium retention in Expt. 1

Between Groups 6 15,109 2.5 277.8 0,001
Within Groups 14 0.121 0,009
Total 20 15,23

Table 2l Phosphorus retention in Experiment 1

Between Groups 6 45,07 - - Ne8
Within Groups 1L - - -

Total 20 45,07 - -




Table 25
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SPECIFIC GRAVITY
OF HUMERUS IN
EXPT, 1

Sources of Degrees Sum of Mean F, F,
Variation 2 Freedom Squares Square Prob,
Betwwen Groups 8 0.1470 0,0245] L9.676 000
Within Groups 21 0,0104 0,0005
Total 27 0.15T4L

Table 26
% ASH IN DRY

FAT FREE BONE

IN EXPT. 1

Between Groups 6 63.379 10.563 1.215 04337
Within Groups 21 182.519 8.691
Total 27 2L,5.,989

Table 27
% CALCIUM

IN TRY FAT

FRISE BORNE

N EXPT. 1

Between Groups 6 53,1054 8.8509 2.1,08 0,063
Within Groups 21 77.2836 3.6802

Total 27 130, 3889

Table 28
% PHOSPHORUS

IN DRY FAT

FHEE BONE IN

EXPT. 1

Between Groups 6 3.0809 0.5135 1.436 0.2448
Within Groups 21 745097 0.3576

Total 27 10,5907




Table 29
ANALYSIS OF VARIANCE
FOR DRY MAPTER
DIGESTIBILITY (%)
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Sources of Degrees Sum of Mean F. Fa
Variation Freedom Squares Square Signi.
Between Groups 6 551 91.8 91.8 0,001
Within Groups 14 1l 1

Total 20 G685

Table 30

ANALYSIS OF

VARTANCE FOR

URINARY OUTPUT

OF CALCTUM IN

Between Groups 6 0,014 0,0023 32.86 0,001
Within Groups i 0,001 0.00007

Total 20 0,015

Table 31

ANALYSIS OF

VARIANCE FCR

CALCIUM AVAILA-

BILITY IN

EXPT. 1

Between Groups 6 237.0 39.5 1441 NaSe
Within Groups 14 393.0 28.1

Total 20 630,0

Table 32

ANALYSIS OF

VARIANCE FOR

PHOSPHORUS

AVATLABTLITY

IN EXPT, 1

Between Groups 6 3643 6,05 11.2 0,001
Within Groups 1 7.52 0.54

Total 20 L3.82
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Table 33: Analysis of variance table for rate of gain in experiment 2,
F F, Significanc
Sources of Dggree | um of e ‘
Variation %reedom
Main effects L 3067.62 766.911 L.10 0,01
Ca 2 2642.91 1321.45] 7.06 0,00k
Ph 2 Bk1.14 270.57 1.45 0.255
2-Way Interact L 551.46 137.86) 0.74 -
Ca Ph )4 551 .h5 137.86 Ol?h -
Residual 2L L41491.80 187.16
I
Total 32 8110.874 253.47
Table 3. Analysis of variance table for dry matter feed intake in experient 2.

Main effects

Ca

Ph
2-Way Int,
Ca Ph

Explained
Residual

Total

=

nEo FE o

2
3

L2,72.88
8076.9L
32643.18
60334.89
60334L.89
102807.77
328785.96
431593.72

10618,2

14,038.,5
16321.6
150837
15083,.7
12850.97
13699.42
13487.30

175

295
1.191
1.101
14101

0.938

552
<747
321
<379
379
. 50‘4

Tzble 35: Analysis of variance table

for feed efficiency in experiment 2.

Main effects
Ca
Ph

2-way Int,

Ca Ph
Explained
Residual
Total

wrpoooE Froon
v =

253.53

208,68
53.60
82.468
82.468

335.000

378.86
713.86

63.13
10L.3L
26.80
20,62
20,62

41,88
15.786

3+999
6.61
1.70
1.31

1431
2,65

0,01
0,005
0.204
0.296

0.296
0.031
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Table 36 ANALYSIS OF VARIANCE FOR SERUM CALCIUM LEVELS IN EXPERIMENT 2,

Sourcesg of Degrees of |  Sum of Mean ¥, F,

Variation Freedom . Squares Squares Signi.

Mean Effects i.i 1.136 1.781# 1.505 05217
Ca 2 5,669 2.83L 2.392 0.103
Ph 2 1.467 0.734 0,619 04543

2-Way Interact, h 1.06'6 00266 0.255 Dt923

Ca Ph L 1.066 0.266 0.255 0,923

Explained 8.202 1,025 0.865 0.552

Residual L5 53.333 1.188

Total 53 61,535

Table 37: ANALYSIS OF VARIZNCE FOR SFRUM PHOSPHORUS LEVELS

Sources of Degrees of Sum of Mean F. F,

Variation Freedom Squares Squares Signi.

Main Effects L 8.107 2,027 1.839 0.138
Ca 2 0.768 0.384 | 0.3L49 0.708
Ph 2 T«339 3.670 3.330 0.0L5

2-Way Interact, L 0,990 C.247 0.225 0.923

Ca Ph L 0,990 0.247 0,225 0.923

kxplained 8 9,097 14137 1.032 0.427

Residual L5 . 354590 1.102

Total 53 58,688
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Table 38, ANALYSIS OF VARIANCE FOR % ASH IN DRY FAT FREE BOKE

Main Effects L 85.793 21.418 15,648 0,001
Ca 2 39.559 19.780 14.430 0,001
Ph 2 L6.23L 23,117 16,865 0,001
Explained 8 89.022 11,128 8.118 0.001
2-Way Interact, L 3.228 0.807 0,589 0.67L
Ca Ph L 3,228 0,807 0.589 0.67h
Residual 27|  37.009 131
Total 351 126.03 3.601
Table 39 % DRY MATTER DIGESTIBILITY IN EXPT, 2
Replicate 1 0.243 0.243 0,349
Treatment 81 280,33 35.04 50,27
Ca 21211.4b 108,72 151.68
Ph, 2] 6L.34 32.17 L6.16
2-Way Interact, L Le55 1.1k 1.636
Residual 9 6.277 0.697
Total 17 | 286.85 16,874

Source of Degrees of Sum of Mean F, F.
Variation Freedom Squares Squares Prob.
Replicate 3 10.806 3.60:2

Treatment 8 67.817 8 LT7 5.663] .01
Calcium 2 16,08 8,04 5556 .01
Phosphorus 2 46,078 23,039 |18.922] .001
Interaction L 54659 1.45148 | 0,945

Error 27 40,429 1.497

Total , 35 119.052




121

Table L1 ANALYSIS OF VARIANCE FOR PHOSPHORUS IN DRY FAT FREE BONE

Replicate 3 2,8722 0.9574 1.745
Treatment 8 33.752 L.219 7.692 «001
Calcium 2 15,0087 7.504 13,681 .001
Phosphorus 2 10.593 5297 9,657 001
Interaction " 8.1503 2,0376 3. 7149 .05
Error 27 14. 8091 045485

Total 35 51.4333

Table L2 ANALYSIS OF VARIANCE FOR FAECAL CALCIUM IN EXPT, 2

Sources of Degrees of Sum of Mean F, F.
Variation Freedom Squares Squares Signi.
Replicate 1 0.01 0.01

Treatment 8 9.6 142 80 .001
Calcium 2 9.48 LeL7 298 001
Phosphorus 2 0,073 0.04 2.7 N.s
Cax P Interact, L 0,047 0.012 0.8 n.s
Error 9 0,132 0.015

Total 17 9.622

Iable L3: ANALYSIS OF VARIANCE FOR URINARY OUTPUT OF CALCTUM IN EXPT, 2

Replicate 1 0,0012

Treatment 8 0,007 0,0009 3.0 n.s
Calcium 2 0,0063 0.0032 1.0 N.s
Phosphorus 2 0.001 0.,0008 1.7

Ca x P Interact. } L - - - -
Error 9 0,0028 0,0003

Total 17 0,011 0,00065
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lable ANALYSIS OF VARTANCE FOR CALCTUM RETENTION IN EXPT, 2
Replicate 1 0,0204 0,020l

Treatment 8 17.13 2.14 13.38
Calcium 2 16.95 8.48 53,0
Phosphorus 2 0,116 0.058 0.363
Ca x P Interact. L 0,064 0,016 0.1
Error 9 1440 0.16

Total y 18,55 1.09

Table L5, ANALYSIS OF VARIANCE FOR FAECAL OUTPUT OF PHOSPHORUS IN EXPT, 2

Sources of Degrees of Sum of Mean F F,
Variation Freedom Squares Squares Signi,
Replicate 1 0,804 » B0l 12,6 001
Treatment 8 3.56 L5 6.95 .001
Calcium 2 0.287 ol 2.25
Phosphorus 2 3.21 1.61 25,16 | ,001
Ca x P Interact. h 00063 0.016 0.25

Error 9 0.576 0,06l -

Totals 17 L9k «291 -

Table 46, URINARY OUTPUT OF PHOSPHORUS IN EXPFRIMENT 2

Replicate 1 0,00025 .00025

Treatment 8 0,00067 .00008Y 8L N.s
Calcium 2 0,00067 00003, o34
Phosphorus 2 0,00052 « 00026 2.6

Ca x P Interact. L 0.,00083 « 000021 o 21

Error 9 00,0009 » 0001




Table 47 PHOSPHORUS RETENTION IN EXPERIMENT 2
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Replicate
Treatment
Calcium
Phosphorus

Ca xP Interact.

Error
Total

~_~wFnopo-=

0,07
9.19
0429
8.87
0.03
0.23
9.49

Table L8, ANALYSIS OF VARIANCE FOR AVAILABILITY OF DIETARY
CALCIUM IN EXPERIMENT 2,

Me ———m——
Sources Degree of Sum of an P Signifi
of variation Freedom Squares Square B
Replicate 1 0.491 0.491
Treatment 8 178.LY4 22,31 3.2 0,05
Calcium 2 11477 57.39 8.2} 0401
Phosphorus 2 33.4k4 16,72 2.43 Se
Interaction L 30.23 T.56 1.10 Se
Error 9 62,01 6.89
Totals 17 240,94




