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ABSTRACT
The study is made up of Ningi centre of Burra - Ningi complex of the
Nigeria's younger Granite member and is located off Kano road about 110ka
from Bauchi between longitude 11083 *E and 11005 ‘B and latitude 90 13 4y
and 9° 34 *N.

The Ningi centre congists entirely of rhyolites, rhylites porphyries,
aegirine-riebeckite granite, Granite Porphyries and Basalts. The contacts
between the different rock units are sharp and irregular suggesting that
the units are digtinct units with sequencial intrusins.

From field and'¥!rograhic study the Plutons are alkaline and Peral-
kaline and fit into the Syenogranite sub facies of the mnigeria Younger Gra-—
nite of Bowden et al (1974).

The attempt to build an effective model for the evolution of Ningi
centre of Burra - Ningi ring complex led to an exhautive discussions of al-
ready existing medels on the betro-genesis of the Younger Granites of Nigeria
to which the study Flutons are member. These models range from derivation
of the magma from mantle to derivation of magma from subgquent
crusty] contamination. Mc Dougall (1971) model of progressive diapiric intru
sions of high temperature peridotite from within the low velocity zone into
the lithosphere to explain the formation of the mawaiian chain as well as
models of derivation of the younger Granite magma from the mantle with ex-
tensive crusal contamination proposed by sillitoe (1974) and the model of
evolutionary sequence from gabbro through monzonite to syenite by conti -
neous plagioclase and finally potassium feldspar fractionation to Peralka—

line granite (McLeod et al 1957) were accepted from Ningi complex.

From the field evidence, there is no mineralization associated with
rocks of the complex, but the rocks are extensively used as construction

and building material.
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CHAPTER OnNBE

1 GENERAL  INTRUDUCTTION

1.1 LOCATION AND ACCESSIBILITY

The study ares is located along Bauchi - Kauo road, about 110km from
Bauchi. The Ningi centre of purra - Ningi ring complex to which the extent
of this work ig restricted forms a prominent hill mass being topbgraphica-
1ly high relative to the s crounding rocks. It is visible from the Bauchi -
Kano road.

The area of study covers about 22]§Jn2 and extend from Ningi to Guda
(southwest of Ningi) village. It lies between Longitute ll0 03 *BE and 11005
'‘E and latitude 90 31 'N and 90 34 *N. rhe mapped area forms part of sheet
106 Gwaram south west. The area was traverse by foot using the numerous

foot path in the area and also the feeder road linking Guda with Ningi,

1.2 CLIMATE AND VEGETATION

The climate consists of two seasons — rainy and dry seasons, with the
harmattan being a transition between them. 1he average annual maximum tem—

perature is about 4.40(: (Ningi local Government office) with hottest months

of the year being March and April. The rainy season starts in early May and
ends in September, whilst the dry season is from early Uctober to late
April, the mean annual rainfzll is estimated to be 1300mm (Ningi wocal
uovernment 0ffice).

The vegetation is Savannah type with decidious and thomy trees, short
grasses and shrubs. Luring the rainy season vegetation is thick, but with
the outset of dry season treces and shrubs wilt and rocks become better
expose and more visible.

1.3 DRATHAGE AND TOPOGRAHY

The area is generally hilly, separated by an area of relatively flat
ground through which the Ningi ~ Guda road passes. The larger part, about

401@2 west of Ningi - Guda road consists of a roughly oval mass of Younger




Grenite. Areas devoid of rocks of Younger Granites are undulating and are

underlain by Basement rocks. Topography oi the nills appear to be glmost
entirely governed by the Northedst — South west jointly granites, along
the line of which all the stream flow and dissection takes place (Jagque,
1948).

Phere is no major river flowing in the axrea, but seasonal tributeries

of river Bunga flows East and goutheast of the mapped aredg.

1.4 SHITLMENT AND LAND Usk

The major settlements are Ningi, Tifii and Guda. Tae major land use
in the area is farming. The ifarmers practice both crop rotation and shift—
ing cultivation. Farming is mainly done during rainy season and the main
agricultural produce are millet, Maize, Guinea corn, bBeans, Groundnuts
and Cotton. Cattles and sheeps rearing is also common, mostly practice by

the Fulanis and the inhabitants of the area respectively.

a5 PREVIOUS WORK

The Burra - Ningi complex was first defined by Falconer (191l). He
described it as a cross-—cutting alkali granite containing biotite or rie-
beckite, characterised by chilled margin against their country rocks, he
noted an underformed Pogt-tectonic character, contrasting it with the
foliated Calc-alkaline Older Granite of the Basement.

Falconer and Raeburn (1920) surveyed and mapped the area. They con-
sidered the complex as Tocky hill massits, sharfly differentiated from the
smoother topography of the sorrounding Basement rocks. During this mapping
it was found that the Burra - Ningi ring complex include many textural

and compositional variations.

The first detailed mapping of the complex was made by Bain (1954),

he showed that the structure is controlled by ring-shaped intrusions. Mac

Leod et al (1952) showed thé variation in granite texture and composition

noted by earlier workers, usually oceur as abrupt changes at lgneous
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contact rather than transition within a body.

Bowden (1582) present a detailed reviewed thoughts on the Petrogene-
sis of the province. He showed that the alkaline lineage is depicted by
rocks of monzonite to syenite composition and is controlled by plagio-

clase apatite, fayalite and clinopyroxene.

L6 METHODOLOGY

A detailed mapping ofthe area on the scale of 1325,000 wag carriedout.

Traverses across the area were made by foot, stop overs were made at stations

where ever outcrops appears. Meiy trips were made to the Rhyolite and gra-
nite hills, during these trips adequate effiorts were made to identify,
trace and delineate all the rock types that make up the complex.

Fresh rock samples were collected, examined and observations recorded
on both the map and in the field notebook. Contact zones and their asso-
ciated geological features were studied.

gample of rocks present on the ring complex body were collected. Ele-
ven thin sections were made from twenty two repeesentative samples. Igmong
thege eleven samples, one is riebeckite - aegirine granite, one basalt,
four are varities of rhyolite porphyry.

In the laboratory, megascopic examination of the rock samples with
hand lens to differentiate and identify the various mineral types which
constitute the rhenocrysts or megacrystis was done. The megascopic examina-
tion was followed by microscopic work, during which form and crystallo-
graphic properties of the minerals were noted. Minerals were identified
by their optical characteristics using standard procedures. Crystalliza-
tion history of the rocks were unrevelled from textured relationship.

Conclusion on the mineralization potential within the rock unite was
drawn by studying the type of alteration and subseguent alteration pro-
ducts, fresh minerals were diffeventisted from the greisenized ones.

1.1 AIMS OF THE PROJECT

Althoush extensive geolbgical survey and study of the Younger urgiL beg
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rings complexes of Nigeria has been done, no detail work on the petrolo-
gy, petrogsenesis and mineralization potential of some of extended Younger
uranite exposures like the ningi hill granites which are parts of the
Younger Granites bas been carried out. Taerefore the mein aim of this pro-
ject is to carry out a detailed tield work, Petrographic ana Petrologieal
study of the Ningi centre of purra - Ningi Yournyer uranite complex.

It is well known that Tin-mineralization is associated with the
Nigerian Younger Granites. Ike et al (1984) and Bowden (1782) who worked
on the area reported poor mineralization. This project thus also gspires
to investigate the presence or absence of Tin-columbite mineralization in
the granite suite.

There have been several uypotnesis put iorward by previous workers
such as Jacobson et al (1958), Oyawoye (1968), and Bowden et al (1984) to
explain the origin of magma of Nigerian Younger Granite. This research is
also zimed at comparing and contrasting all the already proposed models
and at determining the most suitable propesed models ana to go further to

develop one for the evalution of Ningi centre of Burra — Ningi ring comlex.
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CHAPTHER TWO

2 REGIONAL GROLOGY
The rocks accuring in the study area are the Younger Granites consisting
of porphyitic Rhyolite, Riebeckite - pegirine granite, Basalis, Granite

Porpary and Rayolite Porphyry.

2.1 YOUNGER _ GRANTITSS

The Nigeria Younger Granite complexes are a suite of non-organic epi-
zongl magmatic centres with over 50 units occupying a rectangular N - 8
province in central Nigeria (Tun.‘ner, lj”{j)'. They were previously presumed
to be differentiated from a parental magia of the composition of Fyroxene-
fayalite syenite with two trends; one towards a Paralkaline and the other
towards metaluminors rocks (Jacbbson et a:l 1958) .

The Younger Granites are discordent high level intrusions which
succeed the extensive acid valcanics and are emplaced by block subsidence.
They commonly have clear topographic definition standing between 100m to
300m above the sorrounding Basement plain. They oceupy a braod zone 400km
N - S and about 150km wide between the 8th and 10th meridians. The form
and general pattern of digtribution of the ring centres may have been con-
trolled by the pre-existing line of weakness in the pan-palrican Basement
into which the complexes were intruded (Black and Gired, 1370). In general
magmatism began in the North oi the province in the mid-Jurrasic ( 170 ma)
and ended in the late Jurrasic — early Cretaceous ( 140 ma) (Bowden and
Van Breeman, 1972). 'This N = S age trend is reflected in the overlapping
of some ring complexes, a phenomenon attributed to the migration of magma-—
tic foeci due to mantle Plume traces ( Van Breemasn and Bowden 1973) ox hot
spots subsequent rifting in the Behue Trough. Various independent lines
of evidence suggest that each centre of magmatic activity marked the intra="
ction and development of a new separate magma chamber. Several cycles of

intrusions and the overlapping and super position of the centre of intrusicn

sl s e s S beh e s F pifig coiipliex is Burra =
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Ningi complex which show a south westerly migration.
the evolution of the Younger Granite is quite complex. Any model
to explain the origin of the Younger Granite need to gccount fors
(Bahman and ven Breeman 1884).
(1) source of heat/or sudden release of pressure to produce melting,
(2) The distribution of ring centers along lineaments similar to re-
cognizable structural pattern in the Basement Uomplex.
(5) The consistent sense of migration of ring centers along lineament.
(4) The shift of activity from one linearment to another.
(5) The petrological unifommity of the province.

Several models have been advaneed to explain the origin of linear belts
of magmatic activity.Rhodes (I&‘TI_), applying the plume model of Wilson-
\I963) and morgan (I984) attribuved the mNigeris Younger Granites to scar
traces produce by the passage of lithospheric plates over a hot spot center
on present day ascension lsland. One ol the main attraction of this model
is that, its geometrical implications can be tested. For example, Vam Bree-
man and powden (I9(3) showed that the 0.7 - 0.8 cm yr—l rate of southward
migration of the Jurrasic Younger Graniies was consistent with a lower

Cretaceous opening of the penue itrough and the South Atlantic in the HRE-RAR
triple junction ( Grant if7I , surke et al I97I ).

Briden and Gass {(I974) have slightly modified the plume model suggesting
that sub-lithospheric heat sources are responsible for mid - plate mggmati-
am only when focused for a long period on the same part or the lithosphere.
MaEmatic activity tends to be episedic rather than contineous. wilson (I961)
Ramsey and Graham (I970), and wurney and Hamsey (1973) have discussed the
geometric forms and origin of en - echelon systems formed in shearzones.
These models, and the dyke formation model of rollard (Ljoy) modified not
spot model of Vogt (I974), and the membrane tectonic model of Oxburgh and
Turcotte (i974) predictes that magmatic astivity would decrease in age in

the direction of fracture propetion and alse explain why magmatic activity

! ceases along one fracture and move to another.

|
:'
l:
|
-i
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Mc Dougall (197Ll) proposed a model of progressive diapizic intrusionsg
of high temperature peridotite from within the low activity zone into the
lithosphere to explain the formation of the Hawaiian chain. He envissced
the high degree of partial melting along a propagating fracture in the
moving lithosphere. A similar model has been proposed by Bowden (1973)
explain the formation of Burra - Ningi complex.

Oyawoye (1976) has shown that the Youn.er Granite lies wituin a NE
trending belt of granulite associated witu high heat flow. Thus the forma-
tion of the Nigerian Paralkaline rocks can be explained by adopting the
reaction melting theory of Berker et al (1975), 1976). This reaction
melting model involves a multi-element process which reflect the interplay
of a melt, formation of cummulates, partial melting of tne countzy rocks
and fractionation of cummulated melts. The partial wmelting of the country
rocks occured via an energy input provided by heat librated during the for—
mation of cummulates. As noted by Bowden (1j7U) the absence of contzct
metamorphism around the Younger Granite ring complexes suggest that the
granite magma was emplaced into pre-heated country rocks. Thus less heat is
regquired to initiate their melting and the volume of cummilates formed will
be significally lower ( Collerson 1982).

The high initial 8751' /8681' ratios exhibited by the paralkaline
rocks may be interpreted to be the result of crustal contermination (Van
Breeman et al, 1975). This contermination could have occured either by
selective enrichment of 875): via magmatic halogen rieh fluids (Blaxland)
1976) or bulk assimilation of locally derived partial melts via a reaction

melting -type mechanism { Barker et al 1975).

2.2 HURRA = oINGT  HING  COMELsX

The ring complex is the largest in Nigeria and consist of six over—
lapping couldran or centres of mainly Rhyolitic ignimbrite and their feeder,

displaced westward from Ningi (centre) to Burra (centre). The complex is
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rectangular in outline and form an isolated and prominent massif rising
over 500m above the sorrounding Plain which range between 400m and 450m
in altitude.

The ring complex intrude the late pre-~ cambrian to lower pleogoic
bagement rocks of Northern Nigeria in a N -8 zone which continues north
wards to the Air region of Niger Republic { Rahman 1984). This large
brancing ring dyke system consist of inner and outer ring dyke a few
kilometres apart, jointed at interval by radial dykes of early volcanic
rocks and late syenitic and granitic intrusions ( Bowden 1979, Ike et al -
1982 ). The complex fallows a BNw —W3W age decrease trend charpcteristic
of Nigeria Younger Uranite. Bowden (I979) suow the age of Burra — wingi

ring complex to be IO ma, using arfb“r/t’b

Sr ratio.

The Ningi ring complex under went two episode of magmatic activity
characterised by the Nigeria Younger Granite, the volcanic cycle and plu=
tonic cycle.

puring the intial stage of volcanic cycle a considerable volume of

lava and associated pyroclastic were erupted and the volcanic succession
also include flows of basalt. rhe volcanism was accompanied by the forma-
tion of g large surface caldera in which the bulk of the efiusive materials
accunulated. ‘owards the end of the volcanic cycle a large plug of granite
. porphyry was amplaced in the centre of Ningi vent complex.

turing the plutenic cycle one of the major structural feature of the
complex, the peripheral ring - dyke of the aegirine-riebeckite granite was
emplaced beneath the volcanic pile. kirision has priceeded to such a depth
that all the major units of the cycle are exposed and this structural rela-
tionship can be clearly define.

. In common with all wolcanic ring - complexes in the Younger Granite

province, the lavas are entirely confound within the peripheral ring -faulis




and they owe thus preservation at thneir preseny level to down faulting

( Jacobson and MacLeod I9T7 ).
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3 PeTROLOGY OF THE HoCk UWITs

3.1 £NTHULUCTTION
The study area forms pari oi Sk " A =
plex, consisting of Rhyolites, &Kie S N SXand te
porpuyry ahd Basalts.
3.2 THE GHYOLITSS
a2l FIELD RELATTONSHIP
The rock type covers about 75% of the mjpped adoam. Ne xoyolites am

mgrked by an arcuzte venk structure running {or about < arvant tne sastsr

n margin of Ningi centre anu seems likely that the oxigimel wolcanio land=
form were broad sheild volcanos. The rhyolites ave posphyritic abowing
extensive devitrication. peny irregular microcxystalline adnes composed of
tiny rounded grains of quartz and feldspar have poorly defined gmdational
boundaries. Most feldspar phenocryst are orthoclase, alihough phencoxyet of
plagioclase and gquartz are present. Sanadine is the largeat and the nost
abundant phenocryst, ranging up to 2mm in size. Quarts gmin ave rounded
and embayed.

Granophyric texture of intergrown sanadine and guarts phynoewysls ave
common. The spherulitic groundmass exhibit atrong flow baunding with alterma-
ting Iron oxide — poor and JLron oxide - rich layers. Devitrleation ol this
si;herulit.es of sanadine groudmass.is chacterised by wepherulites of sanadine
and guarz that have nucleated around the phenccryste . The mafie minevals
are iron oxides and sparse spongy aggregates of amphlboles.

The rhyolite$ show some varigtion in colour and texturs. According to

Bain ( 1923 ), the vent appears to have provided s paspupe 0r a succession

of eruptions whose surface flows have been subgequently removed by erosion,
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one
This colour and textural variation was noticed as,move from Ningi to Guda,

The rhyolites out crops have a regular sharp contact with all the
rock units. They are associated with volcanic rocks such as Basalts at an
axposure abeut l.5km west of Ningi Brniros palace and at an outcrop 2km south

of Tiffi. The rhyolites contains some inclusion of the country rocks with ste

reaks of pagmatitic quartz and feldspar and their bands ahd their bands and

lines of the dark minerals which mark the flow structures ( fig 2 ).

~73,2.2 PETROGRA PHY .

The Hiyolites are generally porphyritic. The development of porphyr—
it is texture depends on whether the magma body was completely extrusive and

formed couldron or partly intrusive ( oyawoye 1976 )e

The colour of the rock range from grey to bdack, and generally massi-
ive and non - foliated. The phenocryst include potassium feldspar, plagiocla-
sefeldspar and quarzs. The shaps of the phenccrysts range from ovoid to rectan
gular. The plagioclose are milky white, quarty grains are clear white to colo

rless and the potessium feldspard are pinkish with vitrous lustre. The pheno—

cryst ranges in size from 2mm to S5mn and are embayed in a fine grained dark
and dense groundmass whose mineralogy is megascopically undetermine.The grou—
ndmass contains some concretion of materials.

In thin section the minerals that formed the pherocryst comprises of
orthoclase, oligoclase and quarts and small flakes of biotite.

Orthorclase forms about 409 of the total volume of the rock by vis-
ual estimgtion., The size range from Zmm to 5mm witn subhedel to anhedral shap-
e, The Cleavage ie imperfect with a twimning according to carlsbad lgw. The
ortheclose also form some fibrous acicular crystallites which are among the
constituent of the spherulities ( fig. 3).

The Plagi@cla-se form about 819 of the volume of the rock,

it is oligoclase (An 20+ (10 ) in composition measured using twin relation
ship . The shape range from lem to 3cm with a seriate boundaries (fig.3)

sub-herdral to anhedrel with a albite twinning.
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The quartz constitutes about 10¢ of the volume of the rock it oceur as
anhedral biparamidel grains of angular to subrounded shape. It Show an

undulose extinction under cross polars and clear under plane polarized light
The blotite occur as small flokes scattared within the rock mass - it

occupies abut 2¢{ of the volume of the rock. It shows a strong pleochroigm
from reddish brown to green and dark green. The size ranges between 0.5mm to

1.5mm, It has one directional cleavage and anhedral shape with ugual miallel

extinction.

The rhyolites has devitrifiied groundmass with . lcrosph. litic texture
and only occationally crystalline. Mineralogy probably as the that of the ph=-
enoisTysts.

3.2.3 B\ RAGENIST S,

The sequeme of crystallization are baged on the texture relationship of
the minerals in the rock units. They followed the order of decreasing tempers-
ture, plagioclase crystallized at relatively high tempureture, the biotite,
potassium feldspat (orthocla.se) then guartz whieh crystallize at the same ti—

me with the potassium feldspars.

3.3 THE RERBECKITE — ABGIRING  GHRANTITs,
5.3.1 FIELD RAATION SHIP.

Thie rock type €overs about 159 of the total area mapped. The out crop
is oval in shape about lkm long. It has a sharp but irregular boundarywith
the rayolite, this can be located at Tiffi village. The rock unit is coarse
grainid and milky white with streaks of dark minerals.

345420 PETROGRA PHY,

In hand speciman the granite is coarse grained.The minerals identifi-
able in megascopic examination are plagoiclase feldspar, quartz , and biotite
The plagioclase feldspor is milk'ly white, the biotite is dark shining and us
usual breaks off in flakes by {ingor mail scratching. The dark minerals are
probably hournblede. ..

In thin section the plagioclase feldspar is oligoclase and by visual
estamation it congtitutes about 509 by volume of the rock and form clear

subhedral plates showing albite twinning with a perfeet claevege and low

relief. The oligocldse (Anyq _ 30) is colouleas in thin seetion with a
maximu extingtion angle of 1ol and weak birefringence .




Aegirine; forms about 20% ot the volume of the rock. It is green in thin

section and strongly pleochroic with axial colour from dark green ix) to
light green (Y) and yellow (2). They occur as long primatic cystal with -
cleavage in two direction at angle of about 87; and 98;. The mineral ig ¢
characterised by a very light relief grestor the balsom with streng bire-
fringence and maximum e>.ti;--‘ tion in logitudinal sections is very small
(From 2° to 10°).

Quartz grain are round to elongated (#ig. 4) and constitute about
25094 of the rock volume., The quarz is colorlegs in this section with g low
relief and rather weak birefringence.

Riebeckite is filbrous in form and constitute about 3% of the vol-
ume of the rock. The mineral is characteised by a strong pleochoisin of
deep blue (x) to light ' blue (Y) and greemish (2). The mineral shows a s~
mall distinetive extinanction angke with a high relief greater than bal-
sam, a two direction cleavage at an angle - ©f. about 5b°ami 124O and a

very weak birefringence.

Eietite is yellewish in thim sectien with

euhedral crystals znd a perfect cleavage in one directien.

‘s The mineral show ,pleocroism and strong birefri-
ngence and form about 19% of the valume of the rock. The biotite and the ri-

ebecyite are consider as accessary mineral in the rocks.

34343 PARAGENESTS.

From the textura] relationship the order crystellization of the mi-
neral in the direction of decreasing tamperature. Hornblende crystallized
first fallows by pyroxene and plagioclase which crystallized about the same

time, thenbiotite and findly quartz crystallized.




3.b4.3

- 144~

GRANTTE PORPHTRY

FIELD RELATIONSHIP

The granite porphyry occur south of Guda village

at the extreme south-western part of the mapped area,
Lt covers relatively small portion about 5% it is
pink to brown in colour,

PETROGRAPHY

The granite porphyry is cearse grained with
porphyritic texture. The mineral composition includes
orthorclase feldspars, plagioclase leldspars quartz
and the groundmass

The Fhenocryst are mainly perthite and guartz,
The groundmass or matrix is fine grain consisting of
guartz feldspars and some iron minerals,

In thin section the orthoclase is microclune which
is colourless with a Polysyntlietic twinning in two
direction, one according to albite Lkaw and the other
according to periclune law, They form about 20% of
tne volume of tne rock with a perfect cleavage and
subhedral to anhedral in putline,

The plagioclase is Albite constituting about 3%
of the volume tof the rock, They are blebs distributed
through the microcline, The are characterised by a
FPolysynthetic twinning according to albite law, The
relief is low with a rather weak birefringence.

The quartz constitute about 15% of the rock volume,.
The quartz is corroded ié the Phenocrysts of guartz
are penetrated by lobes of the matrix, Some of the
quartz are fractured indicating that they under went
secondary alteration which result to secondary
enlargement of the quartz Phenocrysts.

The matrix (groundmass) constitute the remaining
62% of the vokume of the rock. It consists of quartz
feldspar, iron-oxide and biotite flakes (plate 4)

PARAGENESTS
From the textural relationship the sequence of
crystallization is in order of decrease in temperature,

The Porphyritic texture of the rock units was developed
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5 5 THE BASALTS,

8 5. 1 FIEBELD RELATIONSHIP.

The basalts are fime grained and consist? precl ominatly of plagio-
¢lagse and pyrocxene. In addition oli\ri ne and quartz al present, The rocks
cover about 5% of the volume of rocks in the mapped area. Small insusire of
basalts can be seen about lkm west of Ningi low cost house estate and another
about 800m south of Tiffi. The basalts are characterised with versides occasi-
onally found in the borde of the rlylite which it intrucded some of the vesicl-
gs (Clvities ) notice were filled with olivine (amygdales). The shaped of the
basalts is columnsr. The basalts south of Tiffi village consists is columnir
of olivine inclusions and hence named olivine basalts.

3. §.2 PETROGRA FHY.

In hand specimes the rock is dark colored very fine. No any mine=
ral recongnised in hand speciman, but in the outcrop south of Tiffi the basa-
lts eensists of olivine inclusion.

In thi section the plagio :lase is oligoclase and usallytlgth-

shape and well twinned according to carlsbal law with many inclution of glass
[t constitutes: ;bout 309 of the vwolume of the rock.

The pyroxene ifoundare gugites. They are characterised by their pale—-
greenish colour and absent of pleochroism. The augites occurred in two
srystals with four sided cross section and a cleavage in two directions. The
glief of the mineralsis high greater than bzlsam and moderate birefringence
#ith a polysynthetic twins. It constitute about IO% of the volume of the rock-

Olivine constitute about 5% of the volume of the rock and zbout 30%
in olivine basalt at Tiffi. The olivine phenocrysts at Tiffi are zoned, the
»uter zones are richer in iron than the core. The mineral, olivineis colour-
less in thin section and anhedral with polygonal outline. Cleavage is inper—
fect and irregularly fractured. Extinction is parallel to crystal outlines
ind cleavage traces with a fairly high relief.

The groundmass is made up of very fine minerals and constitute about

b e N i S, L M = T SN e Veott CURE  SE e |
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The order of cratallization fallows that of decreasiyg temperature.
The .first mineral to crystallized was olivine, then pyroxene and plagioclase
begin to crystallize about the same time. Quartz crystallized last, although
olivine and quariz are incompatible becouss iif the composition of magms i@
such that quartz will erystallise, any early crystallized olivine is
completetly resorbed if equilibrium 18 maintained. Tois rule is not likely
to hold true with olivine that contain hign content ol jron minerals as the
case of olivine basalt at Tiffi.

3.6 REYOLITS FORPHYIAIS

3.6.1 FIELD REL4ITONSHIE!

The rayolite porphyries cover about 3% ot the mapped area. The por—
phyries are porphyritic - and . domed sha,i,ed'. The pnenocryst are
plagioclase feldspar and quartz with glassy groundnass. The rock units out—

crops at Guda village with a shaTp contact with the Granite poxphyry to the

south and a gradational boundary with the rholite to tne west.

3.6.2 PEIROGHA B

In hand sp-ecimen the minerals jdentifiable are quartz and plagiocla;e
feldspar. The feldgpars are milky white while the quartz are clear to cclour-
less., The grouddmass ig glass.

In thin section the plagioclase feldspars are oligoclase characterised
by the commom Albite twinning, periect cleavage and euhedral form. The oligo
clase constitute about 30% of the volume oi the rocke.

Quartz constitute about 20% of the volume of the rock and have euhed-
ral to subhedral form, gome with inclution of the groundmass glass. Some of
the quartz grains are fractured indicating that the quartz under went seconda—
ry alteration.

The groundmass bY vigiual estimation foxm about 50% of the volume of

the vock. NO any minerals can be identified.
e
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2.6.3 HIAGENESTS

TI'ne sequence of mineralization fallows the ordsr of decrezce ip
temperature. The first minerals to crystallize are the phenocrysts, in V';nis
case the plagioclase crystallized firat fallows by guartz. Rapid chilling

produced by injection of partly crystallized magma into fractures made the

remaining matrix becomes glasay.

3.7 ArsA OF MIXING

e area is of complex mixtures of maiic inclution and variously nybri
dized granitic rocks, the inciutiumj range from tine-grain, featureless basalt
through various granitic rock types to ultramafic blocks. Inclutions ranges
in size from a few millimeters to more than 5 centimeters and in shape from
extremely angular to almost spherical. The edges of the blocks commonly show
physical disintegration so that cloude of maiic prains and aggregates are
strewn through the salic host, progucing nybrid rock. The basalt appears to
be chilled against the rhyolite, but both are very fine grained. 'L'he host
rock remains unaltered suggesting that the dyke were altered vy magmatic fluid
accompanying this intrution or possibly by meteoric waters circulating along
the emplacement planes during cooling. 'the composition of the intermeadiate
rock from the dyke lies on straight mixingg lines between rhyolite rim and

baszlps core.

3.8 TEATURAL AND FINMEALOGICAL VARIA LLUN

The rocks of the Ningi ring complex are alkaline to peraluminous and
fit into the syenogranitite order of Bowden et al ( 1984 ). The textural
and mineralogical variation in rocks of the complex are summerized in the

table blow,
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CHAFTLR FOUR

P — \
4 PZTROGENESIS OF NINGI - BURiA  YUUNGER GraNITE

RING CulibLex

1ts  chapte tel
Th pter attemps to discuss the relationsnip between the different

rock units in their evolution and zlso the relationship between the Ningi
complex. It is also aimed in building a model of evolution for the granite
suite and compare and contrast this model witi the existing models
pat forward for the evolution oi the Younger Granites of Higeria of which
this suite is a member. The merits and demerits of each mod:l will be analy-
sed and finally a suggested model will be developed for the study area.
The rocks of Ningi compler are similar to those cbtaingble from
Younger Granite complexes which indicites a probable crystallization from 1
megma of related origin. Black ( I¥H5 ) has demonstrated that the Younger
Granites have uniformity in composition,mineralogically . and chemically
Various attempts at solving the question of the origin of the non-
orogenic granites in Nigeria have been expressed by many authors, and these

arguments can be applicable to MNingi complex. Jacobson et al ( I95d ) propo-

sed fhat the fayalite-pyroxene syenite magma is the one from which other roeks

of the Younger Granites are differentiated. They based their conclution

o the sequence of intrusionsfound in Younger Granite provinces in Africa.

Te order is syenite first, fallowed by hornblende biotite granite to riebekite

Eranite and lastly albite-riebeckite granite. It was further demonstzated

% Jacobson et al ( Ig58 ) that the chemical variation pattern of these FERE

. . < g i oda
"eans that the sequence of intrusion is in the direction of increasing s

o8 ) argued against this conclution

ang - v

2 8ilics content. However, Oyawoye \ L
s they analysed Ver
asion sequence that B

e too few. Another

5 stateq that the fact that the sample ve
A

= intr
bj&c‘hion %0 the above conclution i8 the reverse ifl

i {
CC[lpleXeS ( Turner E% begl[}l}lllg with biotite

be
"0 Sbserved in gome granite

g.
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Black ( I¥58 ) suggested

4_,iii'\r-:-r3nti_a.7‘.ion based upon crystal 1 {
tion and showed that biotite granite can be derive irom hornbleng R
granite by the removal of early formed alkali feldspar, layalit o
a, 4 € and pyr
4t high temperature. To obtain riebeckite granite from the same L;‘meene
> Tock (parent)

<5 5 cessary T € mor wur
it is ne to remove more aluming than that combining with gn 1
£ equal amoumt
ka i feld . g 5 h
of sl X spar Black also pProposed that this was effected by the ¢ +
rysta:

ltron ; ARe . ik
1ligation of hornblende taking place at low temperature. This assumptiol
N Was

putteressed by the crystallization of mafic minerals which were obzerved to
have crystallized in the order of the discontinous reaction series and the
early settling ocut of layalite ana pyroxene can be correlated .4tpchemical
changes that affected the rock.

In the study area all the varioms rock units have sharp boundaries,

for instance the boundary or contact between the rhyolite and the riebeckite

aezirine granite exposed at Tiffi village is sharp. Also the contact between
the granite porohyry and the rhyolite body at Guda village is sharp. This
sharp contact between rock anite serve as an evidence of sequencial intrution.

Therefore, this jndicated that the rock units did not crystallized from the

sale magma body intruding the Bagement.
Oyawoye ( 1956 ) using Purtle and Bowden ( 1928 ) model of derivation

of granite from crustal rocks that contain 8102 , Ab, Or and H‘ZO by melting,

B o 1 ths poseibiliiy that the magma of the Younser Granites origl-

Sted by melting of the rocks of the basement complex. He argued that since

Hotite homnblende granite and granodiorite (older Granite ), fayalite bearing

Sanite and quart worzonite are Wide spread in the Nigerian Sasement, the faya-

lite bearing rocks of Migerian Younger Granite could have resulted from the

"elting of these rocks. He also said that, the amphibole granite magma could

. : i ite.
e originated from melting of the wide spread porplwroblaatlc older Granite
e origin of the pa.ralkeline granite

Thi i
18 model however, does not explain th

QIMHOMY  ALISYIAIND
NOIL038 SININNO00 B HOYYISTY
{HOAYE ‘AHYCAIT ALISHIAINN
YMITva vMuvL Hvvanay
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gaber of the Younger Granite. also Macleod et al (I971) pointed
S

out that
altmugh Basement comp 1

has some g i £ i
e geochemical features in common with ¢ |
Ll Lhe
r Granite such as high 3 d Th e : i
Younge S high Sn and Tb content, the diifsrence in cc ntent

of most elements muat be considerable. According to Macleod et al (1971)

ois fusion of the Pasement rocks would produce lar,. voluie of liquid of

1ow melting composition in the guart- alkalin folde per system, and it seem

anlikely that such an crigin coull regult in the geochemical distinetivene-

g degree of homogenity over large areso that cheracterig:

g or the s

Younger Crardtc.

Leesnl work by Leake(I19T79) support generation ol granile mausm

crustal melting, He substaniieted t avsertion by saying fivstly, that

ihere is no subtantial pure ol continental part ol conilr

of granits intusion sigesbing derivation of granitiu magma from

izl Ciusdhe woecondly ~oo srwnitic magna 50 be euplaced
at wppar crush, the gondition ci mal ing st be almost anhydrous with wat-

ar being derived irom melilng of mica and norablede waich are oanly availab=

srugt. Tarzner and Bowden (1374) suggeated that non-peralkaline

reanibes may have Agvelopel in tho lower crust dus to crustal arching,
zranites may have (deVe.L.Jdp

volatile concentrations and heat focussing, but the peralkaline granite

contact anatexis during the

Dy

could slgo be of crustal arigin developed

e ( TG e tof t
Limited phase ol basaltic magma eraption. Bowden \IJ?U) sugpeated tha

wmite could be _ensrated in the upper
sranitbs €0

peralkaline and TI‘JJJ"_.,‘.J-.LL-El Line

; Ao
i ¢ panitde bessment ITOGESs S
Crust by progresaive nielting ol ¢ranii®
= sme oncentraticon and the
.+ i~ the enriched traced element conce ;
argument by consideriic g /mbr A
ion in initial Sr

limited Isotopic evidence The i
i ( Lowden and Van Breeman 1972 )

ibhs Js H Vol e Granite;
€Xhibited by the Nigerisd = e o jpution of

5 3 ricans {,\.‘!:t“-
i o of signliican®
ha, et in favaar S
e e They high stron—

sontermination

(=1}

: nas pranlite comples
Crugtal rovks in the genesis of thess g% :
= , b the hacics
o ragio may be interpretul Lo be S 4
1A BEVe. couad e
1i0m could B

p flutds ( Blaxlatd

ot of crus o
i ninat
crugtal melting. This conteming
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976 ) °F bulk assimilation o1 locally derive

20 partial nelts vig v
"R Tegstion
L ks me X : 1 1975 3
pelting $ype ( Ker et gl I975, 1976 ). Perrary ng ri
(1974) argured that , this variation in inizial sirontiw

~SYLURLC compo-

tion which inerease in fractionaiion can occur during jrotracted fr
P g &

action-
_;w;_-;st.alli:;d. tion.
Bowden ( 1928 ) digcussea the

origin of granitic magma us end

product of tho difterentiation process of an origiual buvic wagua. But

paged on the extensivencos ol theso grunites, large volume of basic

maging
are required to fon v ranite ( Orgzulice J986 )+ ‘he independent nat-
are of tha of the wagua chamber ol each coumplex in th ian Younger
Cianite provirce ( Turner ), the very small proportion of sabboroic rocks
assoclated with the compleres ( dacLeod 1963 ) and the smll amsunt of

llszmo 1970 ), have

an 13zd

MacLeod ot al ( I97T ) empuas-

difierentiazted irom basic ragma, one would

sized that, if these zZouku

expect far more cOmmMOnR CCC Junce o diorite and other Iacks of intermedia—
te composition between gabbro and eranite in the youger olanite province
and the other rocks would be igy more diversiiied from coiples o complex

Recently unpublished review ol the seocheinical work of the Migeria
i

Younger Grunite Brovince ( Bemnet et al 1961 ) on the basis of 300 whale
5 ! - e ~

oy total iron and kigO. Taig could

rock analysis, show rapid decling in

ivine ite
be as a pesult of I‘r-~chj.onal removal ol olivine and ti Lano-usnetitve,

i a 3 3 tne decrease
fallowed b jte and ple joclase since 1in the early stage tuhe dsc
ed by augite and
Ca e ther with thes asso-
This evit jence toge
in Cao is more marked than 312 & ¥
‘e at i complex suggest
Sgtion of syenite and peralkaline granite at Ningl € P
: Monzonite 0 gyenite and by cont—

s . MO
volutionary geguence 1rom gehBEa R wactionation W0
a8 feldapar LTasbitnas
4 11y po paesinm
Neoyg . 4 oclase and fing
i A plaglot. a ~oneluded that
Iy efore concluds
Pera] ( 1974 ). Ibe aypothesis whevel
kaline Villens " Llkaline gra-
Al pera. s
e e
e gensgis of gabbro, anopGa0albas (972 il \ oniged Tractiond
=] ia pro. &
o n via [
; 4 i i to have bee
8ites ang vologaics in Nigeri# appeal cohi ke and hornblende
pio Gl
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. direct result of the former process by pazti i
V I 3 g pPertlas Iugsion of 4

McDougall ( Iy7I ) proposed s model of grosres yive digpt
Progressive diapbric intpey
gions of nigh temperuture periddtite from witiia t
oM Wi a the low velocity zon
e

= ¥ i thosthe e 7 1 i

into the lithosphere Lo eipliin the formation of the Hawaiian i
ne 2 L chain, e

envisased the high degree of partial melting along a I[ropasating |

raciure

jn the moving lituos hicre. & cimilgr model has been proposed by

{ 13 ) to explain the origin of Hingi-Burrg complexs
sillitbe ( 1974 ) proposed mantle orvi,in for the Younger Uranite. He

ghowad that on minesalization can be scplein vith refrence to mantle sours

{of the host granite rocks. He related the g f  Youncer Uranite +o

het spot activities. His contribution solves thuenigma of high Strontium
Isotore ratio in the Younger Granite.

Yright et al ( 1985 ) said thai the magma must have been generated

crast bencath the crustal

hy partial melting in the apper mantle and low
domes into which the compleXes vieic e slaced. Isotepic date zccording to
them imply significanat crustal involvement in the genesis of the magma.

They went further to agsert that crustal melting may have been facilitated

by volatile fluxing from the upper mantle. A8 nantle derivad magma in a

continental hot apotb environment will undexrgo extensive contamination.

Crugtal fractionation may also have occurred Lo contribute to the diver-

ging peraluninous geochemical 4rends. They also said that the distribution
g z g

ol i alkaline gra eg chiel Sugses
tterns of rare-carth elements in SCUE _,C.:L;llullﬂr granite chieily
etterns

To! i s tant with precipltation of

2 i ) aplation, are conplctens Wil

2 strong europium ( 80 ) depla ’
1lization of late alkali-bearing

early plagioclase feldsrar and with 3
a d
] gre tluids. He further asserte
anphiboles from volatileﬁrich low tem are rluld
pearing porphyries and related rhyolites
e bea

anydrous magmes that

that vnlite and pyroxen
the fayalite a could have mainly come

solidified from comparatively

from 1 s

. Lplier gaid are disti-
the study area as bad been earlier =2

fhe rock units in the =% | Y

Therefore the idea of one unit @ ne

Btiye with a sharp bomldaries-
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rrom the other is unlikely, becouse of the

i th

nvisggez th

plex » from the relationship «

shyolitic that obeyzd the general law of rhyoli

dil i:.f‘.]‘ . This is fallowed b:,’ pur

petween the rhyolite and the intruing basal. is also sturp indicat

emplacemgnt from different magma body to that of rhyolite. Field

ological data on Ningi complex sugrest an evolutin trends assuggested

sre sharp boundaries between the

Bronw(19dl) for most granites.

aifferent vack units which make them dirtincl snd suggest succe

intrusions. Therefore based on the above ILeaturss ol the rock units as
well as distinct chary terigtic the rocks of the study area could be said

Sillitoe ( I974 ) with exte

to have mantle origin as

contamination by erustal materlals ¢ the course of evolutiongry

p=
extrusion and intrusion as proposed by Wrignt et al { 1365 ). although no
oy

shemical arelyc.c was carried out in this stuay, field relationghip, mine=

rmloev and texture of the different rock units suggest that they belong to

ralogy &

the zlkaline-peralkaline types of S-tupe granites.



BCONOMIC  GRULOGY

5.1 _}llIN::lhALIZ.A.'EIUm POl BlAL  OF  hInGL CUMPLEL ,

mhe Nigerian Yo S e ¢
Tt & ! nger Granite ring ce = - =

anite ring couclex to which the Kingi granite
complex belong are among Lao.

masmatic metallogenic province where there
& a

g number of oen

linked with the same

period of magmatic activity, lhe number oi eloment §
I elemenits ol puseible economic sig
cwma ia ploo ralative . i) .
ficance is alno re lativaly lazge. The most important are Win, Niobium
)

o Melvhda —_— § Bl , ;
rungaten, i ybdenun, 4iic, sead baduldd, olliver, Copper, Bismuth and Litnium

Therc arc a number of factors which eliect .l gvelopment of economic
8 of

mineralization in alkaline granite complex. Thesd inclul: the source origin
rce )
of moome generation, the iniluence and composition f continental crist,

gnd the role of Il 1ida which geavesgs al

cricitatb > ore metals in high

songentration. [he primary mineralization is almost exclusively to the

biotite granite as diggenination in albitised granite and as greissen lodes
and veir. ceochemical and mineralogical gvidence mguest that the magnas

from which the the granite sormed were derived by partial melting of crastd

source material. They aTe commonly peralmliﬂe and show characteristic of
S-typs granite. It wes suggested by Bowden ( 1976 ) that Iin and associated
elements were concentrated by process O fractional crystallization and

fluid phase transfer. gome of the mincrals are presently beind exploited o8
the Jos plateau ac place” deposites. Bowdea ( 1970 ) potated out thak ¥he

5 gl grisen

1ginal grani | bite
original granite as peen locally cannected to aibl
i unger Granite wonplex has beed
Though minem.liza.tion in Nigerian Yousger Granite v mnp ¥
i eamies 1n TOSKS of Ningl complexes
established mo such 1!\inera.li',;ut.ion 15 recognise 18 ° 4
i . pock unad in the mgpped arce
nyolites which are {he dominant rOCE uni bs
The rhyo : c : : I
g orld widee oz
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+th mi!:»emliz.ation W
Fama, 8800 1982

are congidered to be associated i
tLeven and
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hstame the Uranium depgglt oi Utah ( gl
noe i gene ically aosocled
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emp;_m_cemen-‘t of glassy rhyolite dyke. according to the t
8€ authors the
molite-basalt dyky, and Uramium and Molybdenuw: bsgring vei
L rirx ein from g »

_anothermal system formed in fracturss in the Kisghly
nydzothe n fracturss in the hijhly brosen roof above the

1 rra e —4 3 . - ]
Stock. The low gra lje Ore dagsemingtion oi copper, izon & 1 1 o
prer, iron and nolybdemam in
J - el yATral O ‘] : - X
4pe volcamic BUVELOp ol Linga unit of Feruvial ccastal Batholith of Zambia

2 L case otudy " “ ‘G . ) 1
Ave gnother casc study (::.J‘_L., 1981 )‘ In the Nigsrian YTowigsr Granite,

g
o

~r

Y mineral dassemination huve been Cemonstrated at Tibehi ( Bowden I276
4180 flourite, sulphite ahil guarts sulphite vein deposite do ocour as a

peanlt of uid interaction with the yoleanic COVET.

The thin sectior study of rhyolit frion Ningi does not indicate any
of sulphite in thg XOox, though grinsenization a noted at contact

and fissure of the rock uniis notably rebiekite—aepirine granite, but this

nydrothermal Ore depoait

ig not very much pronowicse Further more, where ad

YresSen if Ora bagri .9 rlaid 4 evidence ot n“,;ruui.—;z‘;:al activity ia

lizaticn, this is becouse of othe

not the only diggnostic evidence 1Ov ni

fastors bhat operate in conbination wi - the hydrothermal fluids to make

mineralization prucess. These factors include the trace element content and
in this case tne tin comtent of ghe fluid, thet salinity and acidity of the

fluid, the source and dgree of interaction ol the sluid ineluding ion excha
1

= Sy it Ea] & wal aa the
nge and also the tempebature O formation of the griessit &5 wll as B

structural o® gtratigrarhic factors. In Ningi the minexal of Ore value maj

have accompanied th fayolite nart oL plutonism but have beeft eroded away
COln C 2 T - L

L ( I979 ) showed

hinnal o

Judging from the intensive eprogion of the | i
that, in the anorogenic ring complex, & series Of ‘JJLIQLIJUL»ul aikail:e
1 cognise 1n peralkaline
Irocess with related mimmliz;;,tion gan be racogfist 3, M :,f; __tt;m i
i 1 +{ get e de
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ntration of some of the minor slements i )
nigh GRS he minor slements in the riebekitewaegirin
irine

gmﬂite has 1

jptrusion OF

ol S T Y 5
ead to the suggestion that the later may represent pesmatiti
5 S itic

that the granite have been aliered by hydrotherms

F o
at least

ﬂuids.

£ at
1T 8%

powden ( I982 ) and drig al { 1985 ) cotablished & series of age

pigration from N& - Sd with the Northwards Younger Granites being older
than the Southwards Younger Granites. The gubsguent migration of orogenic
center which gave fige bo local cocentraticn of colwnbite, casoeterite and
linked to the ape, magma LYpe and Lractionation. From their view

pranium v
sehied with minerale fomming trace

the young er MAENE of the South are more
r gronites are uami-

R

rts than the Older magma, since the Northern yourge

part of the reason for non-miner-

Olade ( I980 ) suggested that

other rogk unitz in the Younger

1igation of - Granite Complexes is due to the
4 § g ralito a4 hoa and 2 s e
+ tin is locked up 1n riebekite, fmyalite and hornblende minerals

wrly in the paragenctic seguenca.

which ertstalli
sAdavian and Luper ‘teial deposits along the stream channels under
#

sogitive result Lor Ure deposition or

cloge examination could not
sulphite dissemingtions. Therefore it Ningi complex have gome mineral dassem-

] i si y close or la $de)
ingtion it would have been aroded and deposited very cloge or lar away from

the complex.
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SHMARY AND CONCLUTIONS.

The mapped area is mad ‘
mide up of five ro :
cks units, Th
» The ruyolitics
o0 G-

rine = riebeekitc granite,

gl rra ikl TorERAaTE .
porphyry, rhyolite porphyry and Basslt
¢ salt

The field relationuhip und petrogra hi
petrogravhic study indicute that the rhy
R ey k of Ninzi c K he X
slites ingi complex have porphyritic texturss with the
58 W Spheri~-
B8 pextures and the mineralogy comprisws oi orthuclas 09 011
| ’ cthoclese (409) Oligoclase
(8% ) quartz\I85 ) and biotite (2% ). 'The acceskory ming W
sespory mingowls arve undefer-

ning which aie pIrd bably the e 1 L 1 the pherorysl. The acgirine—
1 yba b e with o th h m |
3,410 1 t L t ¥ he ¢ -

R y . .
e beekite granite, ccarse crainal with o perpayritic 1
. porpayzitic t

b coturee ‘The minerals
{dentiiiable are L O o e ’
goclase (503 )y aegirine (20%), auarctz \25% ), Rigbeeki~-

% 4 : 4 ;
ta (372 ) and biotite (2 _ a ) _
(CE te (2 3 ) tor the accessory minerals. Granite porphyr)
= wis § 0 pa e
phyTy

s e e e incrochine{20% ), yuartz(255% ), biotivel 592))
M the matrix(62¢ ). Bhyolite poribgy in porphyritic in texture and the

ihorals are oligoclased3u ), 4nartz{20% ) and ground mass(50% ) consisting
of quartz and feldspars. Basalts are fine grained rocks with some vesichles

ard inclusion in some, the minerals reconised arc Oligoclass(30%

Fizocene(10% ), olivine(5¢ ) n fthe TS graind type and (30%) in the olivi
bagalts and glass (40%) in the fine griain basalts and (55%) Bl ok

Vine tasalts.

From the petrologic and iield relationship gtudy, the Ningl ring oom-
"X i gimilar to those oL the central Plateau 0L JOS. Hence, mantle origin
oz those rocks has been suggested with crustal contamination a3 proposed by
Hititoo (1974) and su oported by Prown (1958) and dright et al (1968). Thek
Also an avolutionary gequ=

e ] 5
dence include the sharpness of theboundaries.
ocla3e and

to syenite by contineods plag

¢ from gabbro throug saite
hrough monz onlte
pamlk‘;line

onation 10 granite granite

Ting
Ly potassium feldspar fracti

! lang et al 1957) can 4180 b

4 to the peb

e aug;;em‘.ad for the Ningi compleX.
rogmphic study ofthe rocks and

Toiy work is restrict®
4 of the petroc

hemical de-

-iﬁlq
* Telationships. Lue PO this resbrictions mos
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e zen ingd
anction onthe genesis ol the Ningi complex as well zu ithe tectuni
«OINLC ang

evolution models

S 1 i e
G s T Vaiious rock emplacement mentional above
ware
inferred data. owe i dar &
msed on inferre ta However, in order to obtain more iniormation
ad I'é-
i the origin o. the me . £ S
gmids to he Magne Of the Ningi ring comylex, analysis of thi
gt L ne

rock gnits is necessary.

Because oi the aloremsnti

ed linitations, it isc suggested that fur-
ther research which will employ both gedohy sica) and geochemical metheds on
ine rock units is reynired. and i

Luis

shonld fallow two approaches, the

rield approach. Geophysical study mey be 1imited meinly 1o gravity and mag-

. survey o know lhe verbical thickness of the exposures The anomaly

shown by the the magnetic and gravity survey will also help to determine iZ
+hege disseminatien of TMn or sulphide deposits covered by the rhyolite cover
iaboratory work on the various rock units ol Ningi ring complex sho-
gld include ch smicul anslysis low percentage oxide of the metals contain in
the rocks and also jsotope geochemical stucies of the rock minerals and
the greisen. [hig will give meial oxides which will be plotted ol a Harker

dlagran whose data clustering will indladée the variation in the oxides s

respect to 5i0,. The percentage oxide can also be plotted on an AMM diagram

( = Nazu', ¥ reo rJEEUﬁ.I Totel izon and Hzligo ) to know the compotiomal
wariation of oxide in the 4rend. ALl this will help to tell the amount ol
oxide in the rocks and the yock type. Iae Isotopic studies will help t0
find the age of the rock andthe temperature oL {ormation os both study will
also give indications of sulphide or other orepotential ol toe POt
Das st dhianical nowiies oould Teveel the prosenve of some zare metals in

trace or minor amounts in the rocks,
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