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ABSTRACT 

The study is made up of Ningi centre of Bu=a - Ningi complex of the 

Nigeria's younger Granite member and is located off Kano road about l l Okm 

from Bauchi between longitude 11°83 ' E and 11°05 ' E and l atitude 9° 13 'N 

and 9° 34 •N. 

The Nlngi centre consists entirely of rhyoli tes , r!Wi tes porphyries, 

aegirine-riebeckite granite, Granite Porphyries ana Ba.salts. The contact s 

between the different rock units a r e sharp anu irregular sugsesting that 

the units are distinct units with sequencial intruains . 

From field and lf'l "".'ograhic study the Plut ons are a lkaline and Peral-

kaline and fit i nto the Syenogranite sub facies of the t1ieeria Younger Gra-

nlte of ~owden et al ll974J · 

The att empt to build an effective model for t he evoluuon of t1ingi 

centre of Burra - Ningi ring complex led to an exhautive di scussions of al-

ready existing models on the .t>etro-genesis of the Younger Granites of Nigeria 

to which the study l'lutons are member. These mod.els range from derivati on 

of the magma from mantl e to derivation of 1nagma from subsquent 

cruat:i,1 contamination. Mc Dougall (1971) model of progressive diapiric intru 

sions of hi gh temperature peri dotite from wi•hin the low velocity zone into 

the lithosphere to explain t he formati on of the nawaiian chai n as well as 

~odels of dt rivation of the younger Granite ffia!>ffia from the mantle with ex

tensive crusal contamination proposed by silli toe l l974J and the model of 

evol utionary sequence from gabbro through monzonl te to ayeni te by con ti -

neous plagioclase and finally potassi um feldspar fracti onation to Peralka

line gxanite (McLeod et al 1957) were accepted from Nine,i complex. 

From the field evidence , there is no mineralization associated with 

rocks of the compl ex, but the rocks ar e extensively used as construction 

and building material. 

< ·, 
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CHAP'l'li:R Or<E 

1 GENJi!RAL DlTRUlllJIYi'ION 

1.1 .LOCo\TION AND ACVSi3IBILITY 

The study area i s locat .,d along Bauchi - Kauo road, about llOkm from 

Bauchi . The .Ningi centre of DUrra - Ningi ring complex to wnich the extent 

of this work i s restI'icted forms a prominent hill mass beine topt>graphi ca

lly high rela tive to the s .crounding rocks . It is visible from t he .1:1auchi -

Kano road. 

The a rea of s tudy covers about 22km2 and extend i'rorn Nin.ii to t;uda 

\southwest of Ningi) village. It lies between J;OfJBi t ute 11° 03 •E and 11°05 

' E and l atitude 9° 31 ' N and 9° 34 'N. '!'he mapped area forms part of sheet 

106 Gwaram south west. The area was traverse by foot usin,, the nwnerous 

foot path i n the area ana a lso the feeder road linking Cuda with Ningi , 

1.2 i.;LIJlli\TE AND Vtl::ErATION 

The climate consists of two seasons - raiey and dry seasons, with the 

harmattan being a transition between t hem. ·1•he average annual maximum tem

perature is about 44°c; (Ningi local t;overrunent office) with hot test mont hs 

of the year being March and April. The raiey see.son starts in early May and 

ends in :>eptember, whilst the dry sea.son i s f r om early uctober to late 

April. 'l'he mean annual rainfall i s estimated to be 1 300mm \ Ningi Local 

\iOvernment Office) . 

The vegetation is ::iava.nnah type with deci dious and thorey trees , short 

grasses and shrubs, ..Uuring the rainy season vee;etati on is thick, but with 

the outset of dry season trees and shrubs wilt and rocks become better 

expose and more visible. 

1.3 .DRAINAGE AND TOlOC!lAHY 

The area is generally hilly, separated by an area of relatively f l a t 

ground through which the Ningi - Cuda road passes. The lar~er ,_rt , about 

40km
2 

west of Ningi - Gwia. road consi sts of a roughly oval mass of Younger 



•• 
Granite . Areas devoid of rocks of Younoer Grani t es aL·e undulating and are 

underlain by Basement rocks . Topo6raphy 01 the hills appear to be almost 

entirel y governed by toe North~a3t - South west jointl y granites, a l ong 

the line of which all the stream flow and dissection takes pl ace \ Jaque, 

1948). 

There i s no major river flow ing in t he ar ea, but seasonal t r i buteries 

of river Bunga flows East and southeast ot' t he mapped area. 

l.4 SM1'1'L1'.!•1.8NT A.ND !AND U::ll!: 

The major settlements a r e Ningi , Tif1i and Guda. The major l ana use 

i n the area is farmi ng. The farmers practice both CI'OP rotation and shift

i ng cult i vation . Fa.rmill8 i s mainly done duri ng rainy season and i;he main 

agricultural produce are millet, i'laiz.e, Guinea corn, .!leans , Groundnuts 

and cotton. eat t l es and sheeps reari ng i s also common, mostly practice by 

t he :FUlani s and the inhabitants of the area respectively. 

l.5 PREVIOUS WO.td( 

The Burra - Ningi complex was first defined by Fal coner ~1911) . He 

descri bed i t as a cross-cuttin,; al kali granite containing biotite or rie

beckite, characterised by chilled margin against their country rocks, he 

noted an underformed Post- t ectonic character, contrastin;; i t with t he 

foliated Cale- alkaline Old~r Granite of the lla.Bement. 

Falconer and Raeburn \1926) surveyed and mapped the area . They con

sidered the complex as rocky hil l massits, sharf ly differentiated from the 

smoother topography of the sorrounding :Basement r ocks. Duri ng this mapping 

it was found that the Burra - Ni ngi r i ng complex include many textural 

and compositi onal vari ati ons. 

The firs t detailed mappi ng of the complex was made by .Bain (1934), 

he showed that the structure is controlled by r i ng- shaped intrusi ons. Mac 

Leod et a l (1952) showed t he variation in granite texture and cOlllpos ition 

noted by earlier workers, usually occur as abrupt changes at i gneous 
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contact rather than trans i t i on within a body. 

Bowden (1~82) present a detailed reviewed thou,,hts on the l'etrogene

sis of the province. rle showed t hat the a l kaline linea6e i s depicted by 

rocks of monzonite to syenit e composi t ion and i s control led by pl agio

clase apatite , fayalite and clinopyroxene. 

l.6 M E T H 0 D 0 L 0 U Y 

A detaileo mappi n,,; ofthe ai·ea on the scal e of 1 : 25,000 was carriedout . 

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

where ever outcrop::; a ppea r s . M.,IlY trip" were made to the Rhyoli t e and gra

nite hills , during these trips adequate ef fort s were made t o i dentify, 

trace and delineate all the rock types that make up the compleic. 

Fresh rock samples were collected, examined a nd observa t ions recorded 

on both the map and in the fiel d notebook. contact zones and their asso-

ciated s eological features wer e studied. 

Sample of rocks present on the ring complex body wer e collected. Ele-

ven thin sections were made from twenty two rep11esentative samples. Among 

t he.se el even samples , one is r i ebecki te - aee1·irine granite, one basalt, 

four a r e vari ties of rhyol ite porphyry. 

I n the laboratory, megascopi c examination of the rock samples with 

hand l ens to differentiate and identify the vari ous mineral types which 

constitute the rtienocrysts or megacrysts was done . The me.:;ascopic examina

tion was followed by microscopic work, during which form and crystallo-

graphic properti es of t he mineral s were noted. Minerals were i denti f ied 

by their opti cal character i stics using standard procedures. Crystalli za

t i on history of the r ocks were unrevelled from textured r elationship. 

conclusion on the mineralization potential within the r ock units was 

drawn by. studying the type of a lteration and subsequent alteration pro

ducts, fresh mi neral s were different i ated from the grei seniz ed ones. 

l. 7 AIMS OF TlfE PROJ.©JT 

Alt hough. extensive geoldlgical surve;, and s t udy of the Younger uranites 
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ringS complexes of Ni~eria has been done , no detail work on the petrolo

gy, petro,;enesis and mineralization potential of some of extended Younger 

,;rani te exposures like the ,,i ngi hill ;,;rani tes which are parts of the 

younger vranites has been carri ed out. Tnerefore the main a im of this pro

ject is to carry out a d~tailed iield work, Petrogr aphic ana J:'etrologieal 

s t udy of the Ningi centre of !lUrra - Ningi Youn.; er vrani te compl ex . 

I t is well known that Tin- uuneralization is associateCl with the 

Nigerian Youn(l'er Gi·ani tes. I ke et a l l l984J and Bowden (1:;it:l2) who wo,·ked 

on the area reported poor mineralization. This ~.roject thus also a.spires 

to investigate the presence or absence of Ti n- colwnbi t e mineralize. t i on in 

the granite suite. 

There have been several nypotnesis put 1orward bf previous wor~ers 

such a s Jacobson et a l ( 1958) , Oyawoye (1968) , and Bowden st al ll984) to 

ex1;lain t he origin of ffiabllla of Ni.,erian Younger Granite . This r esear ch is 

also a imed a t com,..ring and contrastin,,; a ll the already proposed models 

and a t determining the most aui table proposed models ana to go further to 

develop one for the evalution of Ni ngi centre of Buna - .Ningi ring comlex. 
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CHAPTl!:R T VI 0 

2 RffiIONAL illXJLCCY 

The rocks accuring in the stuay area are the Younger Granites consisting 

of porphyitic Rhyolite, Riebeckite - aegirine ~ranite, Basal ts , Cranite 

porphry and Rhyolite porphy1y. 

2. 1 YOUNGER GRANITil:l 

The Nigeria Youn1ser Granite complexes a1·e a suite of non- organic epi

zonal magma.tic centres with over 50 units occupyi ng a rect~ular N - S 

province in central NiBeri a (Turner, 1973); They were p«eviously presumed 

to be differentiated from a parental magma of the composition of P,yroxene

faYali te syenite with two trends; one towards a Faralkaline and tne other 

towards metaluminors rocks (Jacbbson et al 1958) . 

The Younger Granites are discordant high level intr usions which 

succeed the extensive acid valcanics and are emplaced by block subsidence. 

They commonly have clear topo,p:-aphic definition standing between lOOm to 

300m above the s orrounding Basement plain. They occupy a braod. zone 400km 

N - s and about 150km wide between the 8th and 10th meridians. The form 

and general i:e.ttem of distribution of the ring centres may have been con

trolled by the pre-existing line of weakness in the fe,11-African Basement 

into which the complexes were intruded (Black and Girod, 1970) . In general 

magmatism beJa.11 in the North of the province in the mid- Jurra.sic ( 170 ma) 

and ended in the late Jurrasic - early Cretaceous l 140 ma) (Bowden and 

Van Breeman, . 1972). '!'his N ... S age trend is reflected in the overl apping 

of some ring complexes, a phenomenon attri buted to the migTation of magma

tic foci due to mantle Plume traces ( van Breeman a.nu Bowden 1973) or hot 

spots subsequent rifting in the Be~ue Trough . Various independent lines 

of evidence suggest that each centre of magmatic activity marked the intra- ·· 

cti on and development of a new separate magma chamber. several cycles of 

intrusions and the overlapping and super positi on of' the centre of intrusion 

.llowd"n.-l.'l_7.Q_\.~•..,,,,ood~ex..mnle of...J;jµs feature of ring complex is :Surra -
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Ningi complex which show a south westerly mi grati on. 

The evolution of the Youneer ~ranite is quite complex. Any model 

to explain the orii>in of the Youn.;er Granite need to acco.mt for: 

( Rahman and van Breeman 1!184). 

(1) source of heat/or sudden release of pressure to produce melting. 

( 2) The distribution of ring cent ers along lineaments si milar to re-

cognizabl e structur<1l pa.ttern in the Basernent uomplex. 

(3) The consistent sense of migration of ring centers along lineament. 

(4) The shi ft of activity from one linearment to another . 

( 5) The petrologi cal unifoDlli ty of the province. 

Several models have been advaneed to ex~lain the ori~in of linear belts 

of magmatic activi ty.Rhodes (1971), appl ying the plume model of Wilson

\1963) and Morgan (1984) attribu•ed the ~i~eria Younger Granites to scar 

traces produce by the passa~e of lithospheric plates over a hot spot center 

on present day ascensi on island. Une 01 the main at-i;raction of this model 

is that, its seoine•rical implications can be tested. For example, Yam .oree

man and i>owden \19'(3) showed that the 0 .7 - 0. 8 cm yr- 1 rate of southward 

migration of the Jurrasic Younger Granites was consistent with a l ower 

c retaceous opening of the .ljenue ·i:rough and the south A tla.titic in the .ttflE!-R~A 

triple junction I. Grant 1971 , nurke et al l97I ) . 

Briden and Gass \1974) have slightly modified the plume model suggesting 

that sub-lithospheric heat soui·ces are l:esponsi t>le for mi<1 - plate magmati

sm only !'fhen focused for a long period on the same part 01 the l ithosphere. 

Ma!!matic activity tends to be episQdic rather than contineous. wilson (1961) 

Ramsey and Graham 1.19'70), and ,uumey and .lialDsey (1973) have discussed the 

geometric forms and origin of en - echelon systems formed in shearzones. 

These model s , and the dyke formation model of .l:'Ollard (1909) modified hot 

s pot model of Vogt 1.1974), and the ~embrane tectonic model of Ox:burgh and 

TUrcotte (1974) predictes that magmatic activity would decrease in age in 

the direction of f racture propation and a l so explain wh.Y· magmatic activity 

cee.ses alQl'.!8 one fracture and move t.o axiother. 
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Mc Dougall (1971) pro~osed a model of pro~re.;sive diapiric intrusnons 

of hi~h temperature peridotite from within the low act i vity zone into the 

lithosphere t o explain the fonnation of the Hawaiian chain. He envisa,,ed 

the high degree of partial melting alo~ a propa;;ati fl6 fracture i n the 

moving lithosphere. A simil ar model has been proposed by Bowden t l973) 

expla in the f'onnation of Burra - Ni ngi complex . 

Oyawoye t l976) has shown that the YoWlber Granite lies witnin a NE 

trendi ng belt of t;m.nuli te associated with high heo. t flow. Thus the forma-

tion of t he Ni gerian Paralkaline rocks can be ex"lained by adopting the 

reac tion melting theory of Berker et al ~1975) , 1976)· Thi s r eaction 

melting model invol ves a multi- element .,1·ocess whi ch reflect the interplay 

of a melt , formation of cwrunulates, partial melting of tne country rocks 

and fracti onation of cummulated melts . The parti a l lflelti ng of the country 

rocks occured via an ene1·gy input px·oviLled by hea t li bra ted durin.:; the fol'-

mation of cummulates. As noted by Howden (1970) the absence of contact 

metamor phism around the Youn5er Gra.ni te ring compl exes su.;i;est that the 

granite magma was emplaced into pre- heated country rocks. Thus less heat is 

required to initiate their lllelting and t he volume of cummulate; formed will 

be s i gnifical ly lower ( col lerson 1982) · 

The hi gh i nitial 87sr /36
sr ratios exhibited by the i:aralkaline 

rocks may be interpreted to be the result of crustal contermi nati on (Van 

Hreeman et al, 1975)· This contennination could have occured either by 

selective enrichment of 87 Sr via magmatic halogen r i ch fluids t Blaxland' 

1976) or bulk assimilation of l ocally derived parti al melts vi a a reaction 

melti ng -typ~mechanism ~ Barker et al 1975)· 

2.2 !!URRA - 1vINGI RilC C0J:f!.H.l!X 

The ring complex i s the l argest i n Nigeri a and consi st of six over

lappi ng coqldran or centres of mainly Rhyolitic i gnirnbrite and their feeder, 

displaced westward from Ningi ( centre) to Hurra ~ centre) . The complex is 
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rectangular in outline and fonn an isolated and promi nent massif r ising 

over 500m a bove the sorrounding Pla in which railt)e between 400m and 450m 

in altitude. 

'!'he ring compl ex intrude the late pre- cambrian to lower pleozoic 

basement rocks of Northerrr~igeria i n a N - S zone which continues north 

wards to the Air regi on of Niger Republic \ Rahman 19tl4) . This lar6 e 

bran<"i.ng ril'lg' dyke system cons i st of inner and outer ring dyke a few 

kilometres a~rt , jointed at interval by radial dykes of early volcanic 

rocks and late syenit ic and granitic intrusions t Bowden i~7~ . Ike et al -

1982 ) • The complex fallows a g,,; - WSl'I age decrease trend char acteristic 

of Ni geria rounger Ura.ni te . Bowden \197~ ) snow the age of .llurra - ningi 

ring complex to be I tiO ma, using 87s r;86sr ratio. 

The Ningi ring compl ex under went two eJ;isode of magmatic activity 

characterised by t he Nigeria lounger Grdl'lite, the volcanic cycle and plu-

t onic cycle • 

.!All'ing the int ial stage of vol canic cyclw a considerable volume of 

lava and associated pyr oclasti c were erupted and the volcanic succession 

also i nclude flows of basalt. 'l'he vol canism was accom~ed by the fo:rma-

tion of a large surface caldera in whi ch the bulk of the ef1usive materials 

acctll!lulated. 'l'owards the end of the volcanic cycle a large plug of granite 

porphyry was amplaced in the centre of Ningi vent complex • 

.uuring the plutGmic cycle one of the major structural feature of the 

complex, the peripheral ring - dyke of the aegirine-riebeckite granite was 

emplaced beneath the vol.canic pile • .i!<riBion has priceeded t o such a depth 

that all the major units of the cycle are exposed and this structural rela

tionship can be clearly define • 

.".In coaunon with all volcanic rill,, - complexes in the Younger Granite 

province, the lavas are entirely canfoudd within the peripheral ring - faults 



and they ove t hus preservati on at their preseny l evel t o down fa ulting 

( Jacobson and MacLeod 1977 ) • 
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3 P.r!.TROLcx;Y OF TE .tru..:11. ili.IT.;, 

3.1 ~~UJJUC.rlu~ 

The s tudy area fon ns ,.;i.rt o• n= - .C:io;"i .i·~...:..,:.'1.. ;,.- ... """ -
pl ex , cons i s ting of atvoli•es , .nie!:>~., - ·~~ ,. - ·"':-.;,. .. -=:J..."ll.e 

porp11yry aJld Hasal ts. 

3. 2 THS ftHYOLIT..<;:, 

3. 2.1 FIELD REIATIONSnIP 

The rock type covers about. 7,~· of. t.1.1c tn.-i 1~""" :. :"~· ·t'\.J~ "-'(\V,'1it~a aie 

marked by an arcuate ven'\: structure .I"llllniilb • .:.;: ,,~.'-'.1 "-" ~ ~,'" .. ~\.;,.~ 1itlli:! eaata 

n margi n of Ni.ngi centre an" seems likel_;· t n.;.t ~-.,· ,· ,:,,, ·· '"' v,••. ;·.ll•u o l~d-

fo:x:m weru broad sheild volcanos . l'he r <lYOli tc~ .1>'<' ;=.,~")d 4~ "no_.in,s 

extensive devitrication. 1•any irregular !Ui~<it;;lll.11~ t.Qt.\c>;t o~seJ. of 

tiny rounded grains of quartz and felds>nr have ~4' \.\<)f ine.\ e;ractatiOllal 

boundaries. Most feldspar phenocryst are ortbocl.,uie , <\\th,m,,h 1>111moory11t of 

plagi oclase and quartz are present. Sanadinia h i t h<i llllb"""t <1-nd t .he most 

abundant phenocryst, ranging up to 2mm in si'Lo. ,u,1~· 1..l ;;n\\n a v,; 1-oundad 

and embayed. 

Granophyri c texture of intergrown sano.dino u.Hll (lll;U· b~' i•l].\'u\.\o:rysts a.re 

conunon. The spherulitic groundmass exhibit stro111:1 !Low 1Ji.mll11<: wHh alte:ma-

ting Iron oxide - poor and .lron oxi de - rich la.YOl"il. .llovHl'.loatton ol this 

spherulites of sanadine grbugmass . i s chactorisod \J,y o!J11truLI Lsfl of eanadine 

and quarz that have nucleated around tho phenoo1·,yuLLI • 'J.'ho 111AU0 minerals 

are iron oxides and sparse spongy aggregat es of urnph1ho.J.1111 . 

The rhyolites show some variation in colour wld tuxt1H''i• Aooording to 

Bain ( 1923 ), t he vent appears to have providoo. a ,IA.llJrJIJ.!;O for· a auooeesion 

of eruptions whose surface flows have been e11beuQUtir1tl,v .l:'u1il4v<>'1 tJy erosion. 
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~is colour and textural variation Wdd noti ced aJ,move from Ningi to Guda 

The rhyolites out crops have a regular sharp contact with all the 

r ock unite. They are associated with volcanic rocks such ae Basalts at an 

axpoeure ab"ut l.5lan wes t of Ningi .Elni ros JB,lace and at an outcrop 2km south 

of Tiffi. The rhyolites contains some inclus i on of the country rocks with st.:. 

reaks of JB.smltitic quartz and fe l ds.inr and their bands abd their bands and 

lines of the dark minerals which mark the flow s t ructures ( f i g 2 ) . 

/3.2. 2 PETRCCRAHfY. 

The JlP.yoli tee are generally porphyritic. The developnent of por phyr-

i t is t exture depends on whether the magma body was completely extrusive and 

formed couldron or :i;artl, int rusive ( oyawoye 197b ) • 

The colour of the rci>ck range from grey t o black, and generally masei-

i ve and non - foliated. The phenocryst include potassi um f e ldspar, plagi ocla.-

sef elds:i;ar and quant . The shape of the phenocrysts range from ovoid to rectan 

gular. The plagiocl ose are milky white , quarty grains are clear whi t e t o colo 

rless and t he potessium f el dspi.ra are pinkish with vitrous lustre. nte pheno-

cryst :ranges in size from 2mm to 5mm and are embayed i n a fine grained dark 

and dense groundmass whose mineralogy i s megascopically undetermine.'.lhe grou-

ndmass contai ns some concretion of materials. 

In thin section the minerals that formed t he pherocryst comprises of 

orthoclase, oligoclaee and quarts and small flakes of b.loti te. 

orthorclase forms about 40% of the t otal voilume of t he rock by vis-

ual estimation. •1'he size r ange from 2mm to 5mm wi th subhedel to anhedral shap-

e; The cleavage i s imperfe<:t with a twinnil'\; according t o carlsbad law. The 

orthocloee also f or rn s"'"e f i br ous acicular cry3lallilc.J \/luch ar e among the 

constituent of the epherulit ies l fig. 3) . 

The PlagiO cla-se f orm about 81 ')!: of the volume of the rock. 

it is oligoclase lAn 20 + ... 10 ) in canposi ti on measured using twin relation 

ship • The shape range from l em. t o 3cm with a seriate boundaries (fig. 3) 

eub-herdral to a.nhedrel with a albite twinning. 



The quartz conati tu.tea about 10% of the volume of the rock it occur as 

anhedral bi.1&ramidel grai ns of angular to eubrounded shape. It .;>how ao 

unduloee extinction under cross i-olare and clear unaer plane polarized light. 
The bi oti t e occur as small flokes sea ttared within t he rock mass _ it 

occupies a but 2~of t&e volume of the r ock. It shows a strong pleochroism 

from reddish brown t o green and dark green. The size ranges between o . Smm to 

l.5nun. rt has one directional cleavage and anhedral shape with u~al i:arallel 

extinction. 

The rhyolites has devitrifii ed groundmas~ with. :cro~ph. · '1.iti c texture 

and only occa tionally crystalline. Mineraloey probably as the that of the ph

en:>.:;"fysts. 

3. 2. 3 B'dlAGE!tfilSIS. 

The sequeme of crystallization are based on the texture relationship of 

the minerals in the rock units . They f ol lowed the order of decreasing tempeT~

ture, plagioclaae crystallized at relati vely high tempuxeture , the biotite, 

potassium feldspat (orthoclase) then quartz whah crystallize at the same ti"7 

me with the potassi um feldsp;i.rs . 

3. 3 
3. 3.1 

THE RJ:EBIDKITE - A!XIRINE GRANTIT.ii:. 

FIELD REL.A TION SHIP. 

Thie rock type covers about 15% of the t otal a r ea mapped. 'lbe out crop 

i s ova l in shape about l km long. It has a shar p but i rregular boundar.:lwi th 

the rllyolite , this can be located at Tiffi village. '!be rock unit is coarse 

grainid and millqy white with streaks of dark minerals . 

3. 3. 2. PETRffi.RAHIY. 

In hand speci man t he granite is coarse grained. The minerals identifi

able in megascopi c examination are plagoiclase felde:pa.r, quart2. , and biotite 

The plagioclase feldspar is milk.'ly white , the bioti te is dark shining and us 

usual breaks off in flakes by fili.; cr· nail scratching. '!be dark minerals ar e 

probably houmblede . • 

I n thin secti on the plagioc lase felds:pa.r i s oligoclase and by visual 

estama ti on it coneti tutes about 50% by volume of the rock and fo:r:m clear 

subhedral plates s howing albi te twinning w1 th a pdrfeet claevege and low 

relief. 'lbe oligoclase (An10 _ 30) i s coloubes in thin s eeti on wi t h a 

me.ximu extimetion angle of 12° and weak birefringe:n.:: .. . 



- 13-

Ae&mne: fonns about 20..,. ol the volwne of the rock . It is green in thil\ 

section and strongly pleochroic with axial colour fran dark green lxJ to 

light green (Y) and yellow ( 2J. They occur as long primatic cystal with a 
0 0 

cleavage in two direction at angle of about 87f and 98~ 'l'he mineral is c 

characterised by a very light relfof ;;rrot•,r "the balsom with strong bire-

fringence and maximum extiM. ti on in logi tudi~ sections is very small 

tFrom 2° to 10°). 

Quartz grain are round to elonga teo l-''ig . 4) and constitute about 

25% of the rock volume. 'fue quarz is colorless in this section with a low 

relief and rather weak birefringence, 

Riebecki te 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 tx) t o light. · blue lY) and gree11i sh l 2). The minex·al shows a s-

mal l distinetive extinanction a115te with a high relief greater than bal

sam, a two direction cleavage at an angle · o f . about 56 °and 124° and a 

very weak bi refringence. 

Biotite i s yello\, ish in thilil sectien with 

euhedral crystals and a perfect ci"eavage in one dir ection . 

The mineral show . pleocroism and strong birefri-

ngence and fonn about 1% of· the valume of the rock. The bioti te and the ri-

ebeckite are consi~r as accessary mineral in the rocks . 

3.3.3 PA RA G E N E S I S . 

From the texturqlrelationship the order crystellization of the mi-

nera.l in the direction of decreasing tampera.ture. Hornblende crystallized 

first fallows by pyrox.ane and plagioclase whi ch cr ystallized about the same 

time, thenbiotite and findl y quartz crystallized. 



3 .4 

3.4 . 1 

3. 4. 2 

3.4. 3 
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GRANITE PORPHTRY 

FIELD RELATIONSHI P 

The granite porphyry occur sout h of Cuda vi l l age 

at t he extr eme s out h- western par t of the mapped area , 
It cover s r e l a ti vely small portion about 5S~ i t is 
pink to brown i n colour. 

PETROGRAPHY 
The grani t e porphyry is cearse gr ai ned wi t h 

porphyritic texture. The mineral composition i ncluaes 
orthorclase fel dspars , pl agi ocl ase Jeldspar s quartz 
and the groundmass 

The Phenocryst are ma inly perthi te and quart z , 
The groundmass or mat rix i s f i ne gr a in cons i s ting of 
quar tz fel dspar s and s ome iron miner als , 

In thin sect i on the or thocl ase i s microcl une which 
is colourless viith a Polysynthetic twi nning in two 
direction , one a ccoroing to albit e l aw and t he other 
accor ding t o periclune l aw, Tliey f orm about 20% of 
the vol ume of t he rock with a perfect cleava ge and 
subhedral to anhedral in putline , 

The plagioclase is Albite constituting about 3% 
of the volume tof the rock , They are blebs di stri buted 
through the micr ocline. The are characterised by a 
Polysynthetic twinning according to al.bite l aw, The 
r elief is l ow wi th a rather weak biref ringence . 

The quartz consti tute about 15% of the rock volume . 
The quartz is corroded i m the Phenocrysts of quartz 
are penetrated by lobes of t he matrix. Some of the 
quartz are fractured indicating that they under went 
secondary alteration which r esult t o secondary 
enlargement of the quartz Phenocrysts , 

The matrix ( groundma s s ) constitute the rema ining 
62% of the volume of the rock . It consist s of quar tz 
feldspar , iron- oxi de and biotite flakes (plate 4) 

PARAGENESIS 
From the textural relationship the sequence of 

crystallization is in order of decrease in temperature. 

The Porphyritic textur e of the rock units was developed 
' ·~~ ~honor.rvst followed 



by the rapi d freezing of the riremaining magma to 

form the matrix . 
Pl agioclase crystallized first together with 

biotite , follows by orthorclase feldspar and ljuartz 

which crystallized almost at the sametime , 

,I 
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T H E B A S A L •r S. 

F I E L D R ~ L A '1' I 0 N S H I P. 

The basal ts are fi11.e grained and ,c9nais 1:$ pred ominatly of plll8io

classe and pyrocxene. In addition oliv-J ne and quartz ai 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 filngi low cost house estate and anot her 

ibout BOOm south of Tiffi . The basalts are characterised with versi des occasi

onally found in the borde of the rlyli te which it intrucded some of the vesi c··

es \ Cavities ) notic:.e were filled with olivine lamygdales). 'fue shaped of the 

basalts is column~r. The basalts south of Tiffi village consists is colinn4r 

of olivine inclusions and hence named olivine basalts. 

3. ~ . 2 P ET ROG RA PHY. 

In hand specimes the rock is dark colored very fine. !lo any mine

ral recongnised in hand speciman, but in the o~t,rop south of Tiffi the basa

l ts ~~nsiets of olivine inclusion. 

I n this. secti on the plagi o1 ~lase is oli.,;oclase and usally• l~ th

shape and well twinned according t o carlsbal law with~ inclution of glass 

Ct constitutes: about 30% of the volume of the rock . 

The pyroxene. faupdare augi tes. They are characterised by their pale

rreenish colour and absent of pleochroism. The augites occurred in two 

~rystals with four sided cross section and a cleavage in two directions. The 

alief of the mineralsis high greater than balsam and moderate birefringence 

"1th a polysyntheti c twins . It constitute about IO" of the volume of the roc)j:· 

Olivine constitute about 5%of the volume of the rock and about 30. 
Ln olivine basalt at Tiffi . The olivine phenocrysts at Tiffi are zoned , the 

luter zones are richer in iron than the core. The mineral, olivin<is colour

less in thin secti on and anhedral vi th polygonal outline. Cleavage i s in per

' feet and irregularly fractured . Ex:tinction is :i:aralle:I. to crystal outlines 

Uld cleavage traces with a fairly high relief. 

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

--' -"n"t-"">" in the normal basal~. 
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3, 5. 3 B\Mv..Nllil::i -----------
The order of crstall ization fall ows that of decreasi~ temperature. 

The . first mineral to crystal lized was oli vine , then jJJ'roxene and plagioclase 

begi n to crystall ize about the 
same t i me. Quart z crys tallized last , althou.i;h 

olivi ne and quartz are incomj.0.tible becOL.isv il the compooi ti on of 11136ms i a 

such that quart z wi ll crystalli7ie , any early 
crystallized olivine is 

complet etly resorbed if equi l i briwn i s maintained. Tnis rule is not likely 

t o hold true 
wi th olivine that conta i n hign cont ent 0 1 iron n1inerals as t he 

case of ol i vi ne basal t at fi ffi. 

3.6 R){YOLITE K>RH:IY.r.t.RIS -------------------
3.6.I FIELD RELA'l'ION;:>!Ull! -----------------

The rnyoli te porph,yries cover a bout 3% of the mapped ar ea. The po!.'-

por~ritic · rand . domed shaf.0d . •rhe ;.nenocryat a.re 

plagioclase feldspar and quarti. with glassy groundmass . The rock uni ts out-
phyries are 

crops at Guda vi llage witk a shar p contac t with the Granite po~phyry to t he 

s outh and a gradati onal boundary wit h the r holite t o the west . 

3. 6. 2 PEI'ROORAPH'l -----------
In hand specimen t he minerals identif iable are quartz and pl~ioclase 

fel dspar. The feldspar s are milky white while the quartz are clear to colo~r-

l ess . The grouddmasB i s glass . 

by the common Albi te t winning , i,.erfect cleavage and euhedral form . The oligo 

In thin secti on the pl agioclase fel dspar s are oligocl ase character ised 

cl aee constitute about 30" of the volume oi the rock. 

Quartz constitute a bout 20" of t he vol ume of the rock and hav e euhed-

ral to subhedral form, s ome with incl ution of t he groundmasB glass . Some of 

the quartz grai ns are fractured indicat i ng that the quartz under went seconda-

ry alteration. 
The gr oundmsa by vis iual estimation form a bout 50" of the volume of 

the ro.ck. NB aPY minerals can be identified . 
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3.6.3 J:l\1"\GEX'llliI S 

'l'he sequence of mineralization fallows the order 0 1 d 1.c1<0."e i n 

temperature. The first minerals to crystallize are t he phenocryst s , in this 

case the plagioclase crystallized first fal l ows by quartz . Rapid chilling 

produced by injection of partly crystalli zed magma into f ractures made the 

r emaining matrix becomes 6lassy. 

3.7 A Rcl\ OF NIXING --------------
•rhe area is of complex mixtures of ma!ic inclution and variously hybri 

dized granitic r ocks , the i nclutions range f iom tine- brain , f eatureless basalt 

throui;h various granitic rock types to ultramafic blocks. Inclutions ranges 

in s i ze from a few millimeters to more than 5 centi meters and in shape from 

extremely angular to almost sphe r i cal. The edges of the blocks commonly show -
physical disi ntetlration s o that clow•.$ of matic brains and a,,gregates a r e 

strewn through the salic host , _j.lroauci"6 nybrid i ·ocK. The basalt appear s to 

be chi lled against the rhyoli te , but both are very fine grained . 'l'he host 

rock r emains unaltered suggesting that the dyke were alt ered oy magmatic fluid 

accompanying this intrution or possibly by meteoric waters c i rcul ating a l ong 

the emplacement pl anes during cooling . 'l'he composi tion of the inter meadia te 

rock from the dyke lies on strait:;ht 111ixin,_,g lines between rhyol i i;a rin and 

bas<:J lj:::; core . 

3.8 !~!1.:!~~--~~~--~'!~~~!~~~~~~£!~~-

The rocks of the Ningi ring complex are alkaline to peralwninous and 

fit into the syenogranitite order of llowden et al l I9d4 ) • The textural 

and mineralo6ical variation in rocks of the complex &re summerized in the 

table blow. 
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Table. 1 

/ 
;'f"TTT ......... T~• •TTTT:Y _____ ____ _ 

11.JYULI'r.c. 

ROCK Ui'II'r ______ _ __ ...l..-------

\ 

.,p L;Jt ULI'l'IC 
& 

___ _:~:~.::~-:.~~~:,~::~ 
K-Sli\R I 40 % 

FIAGlO.:;I.AS,,; 

}'j;LI)3H\. n 

\ 
er. 

14U\R'l'Z 10% 

Bl ONTE 2% 

OLIVINE 

P'!ROJIBNE 

HORNBLll'ill8 

t.CCESSOR'i I lli'!Jll!."'r.i:W' 

- ·---+----i -----' -
~Ihlt>.c.-.:UJ:J:l.,.,;,.l'l'... 1..<ii.\J\.l.l '"' tli.1~uL1Ti:. i--:-.w..•ri.; . U~Hl'.e.: h Jnrn! rti \ l:\J;:U',t!.l'i \ ""'" 

~;~r~;::---w~f:-~~J~~~~rr~--;--;r.1,. 
u.~.111,,;JJ 

------~ .. -· . ·---~ 

50% 

25% 

1% 

20% 

3% 

1% 
\ 

~·1~\~ J~in. l ..1 I 

20% 

3% 

15% 

62% 

fU 1..< .1.A SSY 

30% 

20% 

50" 

30% 

5%-30" 

I O" 

30"-

55% 
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4 P5E~~~~!'-~~!-=-~!!~-~~~-9~~!~ 
RING Ccl'il1..tX -------

Th.is ch:i.pter attemps to discuss the relationsnip between the different 

rock units in their evolution anct also the r e l ati onship between the Ningi 

complex. It i s also a i med in buildin.:; a mouel of evolllti on ior the i;rani t e 

s lli t e and c0t11µi.re and cont,ast thi s modal wi t 11 the existing moael s 

put forwaN for the evoluti on 01 the Your1<;er Crani t &s of Ni .;eria of whi ch 

this suite i s a membel . 'rhe merits and uemeri ts of each mcxldl wil l be analy

sed and finally a sug,;ested model wi ll be developea 1or t he stlldy area. 

The rocks of Ninoi comple.·. a re similaL to those. obtainable from 

Younger Granite co,11pl exes whi ch indic'.l tes a probable cryst allizati on from 

magira of related origin. Bl ack t I~)5 ) has demonstrated that the Younger 

Granites have uni formity i n composi tion,mineralogically and chemically 

Various attempts at solvi~ tne qllestion of the origi n of the non-

orogeni c granites in Ni geria have been expressed by many authors, and these 

arguments can be applicable to Ni ngi complex . Jacobson et a l \. I9)1:l ) propt

sed that the fayali t e- pyroxene syeni te mae;ma is the one from which other reeks 

of t he Younger Grani tee are differentiated. 

on the sequence of intrusioru f ound in Younger 

They based their concllltion 

Urauite provinces in Africa . 

'lbe order is syeni te 1 irst , fallowed by hornblende bi oti t e .;rani te to riebekit' 

&l'anite and lastly albite- riebeckite ~ranite. It was 1urther demonstrated 

by Jacobson et al t I 95tl ) that the chemical variation P'J.ttern of these rocks 

in the di r ecti on of increasing soda 

argued against tnis concllltion 
llleans that the sequence of intrusi on is 

and Bilic a content. rtowever, Oyawcrye \. I 9bd ) 

that the fact that tho sampl es they analysed were too few. Another he t 8 ated 
i ntrusion sequence that 11ave 

beginning with biotite 
Ob· Jection t b 0 the a " ove conclution is the r everse 

een obeerv d g e in some grani te complexes (Turner I963 ) 
l'ani t __ ,;:;e,,. • .,i£;.ii l:!A.+....._.,. • .~....:.-~.d.fr!ia w_i_th sy_enite . 
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Black ( I~?8 ) su,;iseeted uifferent..:_a t ion basea upon crystal fracti ona

.nd showed that biotite granite can be der ive lrom hornblende- fayalite tiOll .... 

granite by the r emoval of early formed a l kali f el dspar, iayali te and pyr oxene 

. h temperatur e . To obtain riebeckite granite from t he same r ock (i:arent ) 
3 t h1g 

. cessary t o r emov e mor e alumi na than that combini ne wi tn an equal amou.m. it is ne 

of alkali felds.i:ar . Bl ack also vroposed t hat t his was eifect ed by t he cryst a-

llization of hornbl ende t a ki ng J.>lace at low t e111p:rat.ur e . This assumption was 

butteressed by the c ry>:1talliza ti on of rna1 i c minera l s which wer e ubserved to 

have cryst a llized in the order of the di s continous reaction seri es and the 

early set tling out of iayali t e a.no pyroxene car• be correl ated. with chemi cal 

changes t hat affect ed t he rock . 

In the study a r ea a l l t he variaas rock uni ts have sharp boundaries , 

for instance t he boundary or contact bet ween the r hyoli t e and the r i ebecki te

ae,,""irine gra,ni t e exposed a t !'i ffi villaise i s shar p. Also "the contact between 

the granite porohyr y and the rhyo!i te body a t Guda villag e i s sharp . Thia 

sharp contact between roc k lll1.i ts ser ve as an evidence of sequencial intrution. 

Therefore, this indica ted that the rock units di d not cryst alliz ed from the 

same nngma. body intruding the Basement. 

Oyawoye ( I956 ) us ing Turtle and Bowden l r92e ) mouel of deriva tion 

of granite from crustal rocks that contain Si02 , Ah , Or and ~O by melting, 

~ew attention to the possibility that the magma ot.' the Young:et Granites origi-
. ' ... . . ·~ . 
~ted by melting of the rocks of the basement complex. lie argued that since 

hiotite ho11t1blende granite a nd granodiorite (older Granite ), f a.yal i t e bearing 

l!l'ani te and quart n,onz.oni te are wide spread in the Nigeria n Basement, t he faya-

e et:ring rocks of Niger ian Younger Granite could have r es ulted from the lit b 
l!lelting of these rocks. He also sa id that, the amphi boi e granite magma could 

ia,,e Originated from melting of the wide spread porphyroblastic ol der Granite. 

1'1ia lllOdel however, does not explain the ori gi n of the paralkeline g:rani te 

83AIH OYV AJISY3A1Nn 
NOIJ.03S SlN31vnnoo ~ Homm 

1Honve 'AHVURll AllSH3AINn 
YM31V9 VM~JVl umsneY 
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ber of the Youiuer Granite. Also Macl eod et al (I97I) pointed out that 111er.i 

althOl.lbh BaseMent com •• l.::x has some !Seochemical features in comon wi tn the 

r Granit e such as h i .,;h ::m and rb content, t he di.:.. ;)r·Jncc i.P C<'ntent younge 

of !llOSt elements must be considerable. Accordin., to Macleod et al (I97J) 

-rlill fusion o f the l'e.aemenl roe~ woul d produc., l.d.~_, .• voLt. ·~ 01 liquid of 

loW melting c omposition in 1.h<1 L1U.....L't- u.ll.;.lin l c.ldu l •" ·" "~stEOR., and it s e€111 

unlikely t\'>.at s uch ,.;1 ,; ri..;i n c ,c.l •l !'L:OUl t in t h• • ..,"ocioc.mlc,.J. di st inc t ivene

ss or t hG \1i..;h <.le[,'L'uco ol hum"c;vn.i ly ovcor l.d..1\;« t.LL:... trot c be. :..ct i. ·i:.i·', the 

:'0UI\,;0r C1:..ni k . 

:,c.c ,nt work by Leake(l979) sup1JVrt g enera. t l n o l .,ra.ni t., rnc.nh by 

crustal mel tin.:; . lie t:ubstant.ia ;.i,d hi0 "'""er tion by say in,; iirstly, that 

:.here is no su:it...i.'lt i .o.: p:.. l.· 1.o 01 (.;OJn,.inB!n-t.al i-ei.r" <11. c n";.int:nl.4.1 C..:"i.4f.1 i, :ha i . 

i~ d..:vci1 1 c.:.: 1..;l.~nit·J i.~t..u:...· '' -->1 c..A... ~ · • "' I\.. " .., .... i vation 01 t>Tanit.ic raa.erna from 

oelt.il\; of contine-nt;;.l ~.1..UJ V . J~"'JnU~· _·o .J.: S..C-o;..ni .. i c WO.v1'a • .J ~ta C.l_,~ccd. 

a: ·~.:i:i-':::: :::::: :J ,, 1, l " ""~ii~· )'1 - . •-'c,; '\. .• n~ t b., almost an)>'td.roua with wat·-

ar bein.; derived 1.corn molti n..,· of mica and <l')rnb.Leid ,mien o.L'a .nlJ a va.ilab-

le o.t 1. h0 .::r i ;:it . Tu.rn:n ,.nd Bo.den (1374) s~~3td<I th.t n;)n-l'erJ.l~line 

JmnHeJ r.uy tuv "' cl.,;vel.))Cl in tl10 l.)dvl.' c r 1"" ·\.i-: to ciustal arching, 

volatile c oncentr.:1tionJ and hea'\, focu::;ain..;, but t he perd.lkJ.line granite 

could also be of crustal a:ci!l'in Ltdvelo;ied b,;' co:\tact am.taxis dui·ing the 

.rlowden ( 1970) <1US,,t•<1tod tha.t 
limi ted phase of rut1a1tic ma.;cll:J, u1·,1ption . 

pera.U·.aline and n'.)n-p~i,.i..alint: vr_,_ni 1, , ..,0 ,_1 bd ,_;e.1.,rat cci in the up;ier 

crust by pr oJrclS3i Vd 111<:1lt in,; v:.. vL'J.!1L t.il;C \xl_:;o>1 .. vnt L'uCkS . " '' tbSOd hi:; 

argum 
ent by c onsidel'ino the enriched t raced element conc ent.rution a,nd 

limited Isotopi c ev i dence '2h" wicle v.a.rh :.-:.ion in initial l:J'/'dr/'btir 

exhib' t 1 

ed by the Ni~eriull Y•Ju.n.,el' (;w.nit0, ( .co>,1den a.nd Vall llree111an I)'/J) 

ha 
s been used a .o an ar.;wnent ;irl fo,vo:ir oi si,;nl-1icant c01•t•ibllt ion c.: 

:""'"'
1 

- · l• th• "'M'" of '""'' gm<-' oo ooo"Uo><•• ""' ""'' ,.,~-i um n t · 1 · ·· - ' t · t · a 1 0 may be i n t erprcte<.l t o be thr< r ,,0 u .. t ,)_,, ct'llt1"•'· con eI1111na ion 

al1d 
cr llstal mel tin,; . This contermina. ti on collld 11a vu oco•.U'oU "i t ll-'r by 

~ 87 " "' via mae;ma tic tialogen rich fluids ( :Bl a.JC land-

t he 

:rat.llO 
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ff(6 ) or bulk aaa i rnila:tion Oi loc ... :..ly deriveu 1'.>.r, i._.l 11ult.i vi~ ,. !'•_·c.<;tion 

i;iel tin£-lYP" eie_h ni J' ( ..... rt~ _t :.l 1:175, If76 ) . ~·3~r,,r • ;/\ l -'. - ' 

{1974) argured that t.his varial..ion in ir1i~ial Ut.tl"OHt.illl.l i.!;Otu1,ic e;or.,~.u 

tion which increaoc in frac thmatio.1 ca.n occur durin.., ,;rotr.<cted fr..;ction-

al cryatalliza. ti on . 

Bowden ( 1928 ) diacl!:;i;c,., th., ori.,ii ' of gra,ni tic 1naorlld. ,,:i end 

product of th: difle«entiution p.i-.:e.;J oi °""' oi:i.,i.ial b..<Ji'- .. Id.~""" · llllt 

based on t he C>-ton.JiV f'IL .:.,;v of t..hc ;.:; c ...;10.r1i t. .... . J, lar~e volume of b.J.u i c lllab1na 

'"'"it." ( u_·.,. ..... li .. ·J :J.98b ). '!'he ino.e,enocnt nat

u:·e of t:k! Vi the wa.~1ua cha11ib~r 0 1 i;:a<.:h c0111!1l.C/. :!. r t.~1 1.ivu- it .. n YvW\..l.:1' 

are required Lo f""' L.i 

Gr-,,nitt i vL --'L l Turner ) , the very :;mall pr·:),JO.!:"tion 01 .,abboroic rodt" 

a:>30Cia.t~1 ·.iit.h t '1··· .... Jm4 L,.; .. ...:~ ( .L.~_,3 .>i I)o)) ani t.11.? ~ JcLll o.J.> mt ~.r 

1.;t3r i~ .'1.: l .• 1 ~· 1,:1.:J, _b.·•· 0 . -76 ( ., U J;r) I;J7o ), 'uv 3 o nn 'lJ3l 

as agai nst mant le Orie.in of .;r.,.ni L ~" auvaa . mcLo;iJ l Jt .i.l ( l ':i 7I ) e'l,>:ia-

siJed trut , if th~~~ _·J~h .... .1 :. .• : 
dli.fferent iated lrern baoic 1ra1,.n-oa , one would 

Ec'q:ect far more corunon occ •. r....ncc ~.:: diori te and other r.:>cKs 0 1 intcme<.lia-

te compositi on be tween t;abbro and ":i:ani te i.J, 'th~ 1 our..., .. r v.1.0.ni tc ,,rovin<-6 

an<.i. the .other rocks would be fa.r inore div0rsi.tied l'.r·OH1 (:O.n~.1.. e.r. to complo~.c 

3ecently unpublished r eview ol the .;eoche111iua.l ..iork oi the >'1..,criu 

Youne;o;r Crani te 1'.rovi.nc" ( Bennet et al 1981 ) on the baOJi:J of ,500 \/holo 
'l'<lis could 

rock analye1is , ..;how r..Lf'id declin e in Tio2, total i r on a;1d 1·1,;o . 

be ae a •esul t of fr.ictional removal 01 olivitte and ti •a,110-111.1.,,neti ta , 

fallowed by augite and pla..;iocl ase sL~c<- in the early sta..,c tne decrease 

'l.'his evidence t.JoathJr wi t.h t.h~ .. a.:ts~ 
in Cao is more marked t han Al20;; · 

~iuti)n of syenite and 

evolut ionary 

neous 

l>ei:al kal ine 

pe:i.-s.lka.li ne 
,;ra.nite &.t Ninui c o.1pl"Jt su,;vest an 

Nonzonite to sycnit e and by cont-

the Jene . . sis of .;abbro, a,nort .1.>.;i t ' • nonz. :m1 t e, 

s and volcanics in Ni geria appear to have been via llite ··• .. r.1ilo t i."J bioti t, ~'' L hornblende 
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-j.!1dir8ct. result. of the i onner :;:>rocet;~ bJ 

McDou,;all ( I~7I ) proposeJ a mo·iel 

~!'.'tiL..i. .. :uJ .. i on .: t;i\.· ·:'~•t;,.;~ . 

0- .Prou.::.'\:l.Jaiva Uid..t)i:rii.! intc.t

siODS of hi ;!h tom per .. t urc peridotite iro.11 ~it li•1 t u :),1 velocity zone 

into t he li t hO::>f hu'co t•) ·c; • · ~in the fonnati on o1 t he !lawa.iian cnain • .le 

envisu.:;cd the high debre<o! oi f <L" tial uel r,in.; a lont, a rro~.;.ting f.;.ai; t.i.;,:·e 

in t he rioviflo li-.. .u:..., n~rt: . b. dmile..1 mOclel has been 1ropo.:;ed by ;i011dcn 

( 1973 ) to explu.in th . orl..,in of Ai1'1.;i-.:hu:.:"' c.i .. 1.,lu,: . 

Sillitdle ( 1914 ) propo..i,3d 11u n U e oriui11 1or the Youn;,~r ~mnite. Ho 

showed th.Lt Jn niner .. d i.:..i. ti•)!\ c_.,, b.- e<1•1.:.i 11 .1l, 1 refl·ence t o n1a11tlc :;ow.s 

fof t he '10.;t .,L'.:.lli 'CL' r oc "s · lie related th<' ..::• n vi z 01 Y .JW<u .r \..r;,.nit.; to 

hot spot activi t i c;: . .{i,, COll'Cr ibution uOl'f~o t :i Jeni bJl'.a. Of hi.,h .:Jtrontiwn 

foo t ore ratio in t ho YoW1t,t:r Gr,i.n.i ·w . 

\/ri,;h t ct al ( 1985 ) =i" t ll' t t he ma.,rr.a. must have been i;en£rated 

l:I;- partial mel tine, in the uprie1· 1v,..ntle and l o ... er c, ·u;;t b.n ._th ~he crustal 

domes i nto which the con _vlE1 t :,, . ;<eie l'I ;.l ucrod. I soto1 i c date.. ._ccmtlil'\, to 

them imply s ignificaat crustal invol'fement in the eenes13 of t he n~. 

'!liey went further t o a ssert that crustd.l meltini; may have been facilitated 

by volatile fluxing from t he upper m:;.ntle . n3 nldlltle deri'fell ma1JTna i n a 

conti nental h ot spot environment ><ill undergo extensive contamination. 

Crustal fractionation ma.Y a lso have .occurrc<l to contr ibute tu the G.iver

C~ peraluminous creochemical trends. They also said that t he di stribution 

rattems of rare- earth e l ements in some ,,cr a lkr.line grani t es chiefly su.;.,csst 

ied from comps.rative lY anhyfu•ous maimas i;nat aoudir· 

i'he rock uni t s in t he study area as haS been earl ier said are disti

lltbe 
With a sharp boundarie:J . Therefore t he idea of one unit evolvillb 

frCUI l ower crust. 
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f om the othe r is unlike ly, becouse of the slur~ b~:i:'' -ic .lI:: ~· . 
r • - • • "~'\;~ ~H-

plA~ from the relationship • nviu"'tit)':: .h first sur · <' 0 •• ~ - 1 .. 
~ , u • ~i.>·--<.. ~ :""..l."..l'L..y 

rhyolitic t hat obeJ~d t he ~eneral law o. rhyo!.ite c.r:.::::: : o:, .:·.:::i"'- ~-" 

di- ic" ti~·' . This i s fallowed by purely .:;r..ni t.i" ma,,-= . T.·.e b.:iu.n:i.:.!·ic~

t>etwecn t he rhyoli t e and t he: i ntL•i::i 'l,; basal -:. i s :ilso s....xp .iI1ui~itin& 

emplacement f rom clifler•Jnt ll\ab'11l:l. body t o th<it 01 rhY<':: t•· · ri~:' <.!' • r~:r--

oloJic'.ll d:i.t:i. on Ninc i complex sUD.<,est an e vo:utin t rends -S3u.;gasted by 

Bronw(I9 tJl) for most grani tea . These a.re sh..rp b.:i-.m:l...1..da3 bJtw~n t:u 

differmt r1..:\, unl·• .. whic h make thecn dirti 11ct and su.i:gest 3UCC<!-'Bivo 

intrusions . Therefore basl3Ci on the above i eaturea o. th~ r°'-" .mitJ uJ 

well as dist.inct charc..c t ur i s tic the rocks of tha s tudy area could ha .J.i.itl 

to have mantle ori t:i n as su~ested by Sill i t oe l I';74 ) ·ii ~·1 c;;t~l.liv-1 

contamnation by crustal mat.eri<..ls dt!r:iJ.1<., t he c our:ie of evo1u tio:l_rJ 

ext rusion and intrusion a s pro,.o;:i:>d by l'lrignt et ai ~ I ;ll:l5 ) . Al t ho11&h no 

cher.ie<i.l ,...: _ :, .... 
wa s carr i ed o.;t i n thi3 stuay , fie l d relation;;hip , nine-

raloi;y and texture of the differ ent roe~ uruts suggest that they belon,; to 

the alkaline- peralkali nc types of s-tupe g1anite s . 
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5 
~~N~~-_9~~~~_! 

5.1 -~!!~~~'£~~~-~~~!!AL _~~-~!;!~!__i:'.ll:il'~ . 

The lfi~eria,."l You.n.,er <.;ra.ni t u r i.n,> co .. i:LJX t.o whi ch t he l•i ni;i o;ra.ni t e 

co:lple>: be l on.; .i.r• ._.n)n._, c '1 ... ffiO.uli~:i.t ic mcta llo-._;eni c ,.rovinc~ .rli,rc t here are 

a number of ,,,•n• tic tnio. oJ' .,,.t, U '-J .1in, ,-.;.lL- .i , linkeu with the a.me 

period of 1ll3.0ma.ti c acti '' l t y , 'fl." nur.1b1;r v. cl11,1• a L o, J c~v' LJ.l.. economic si.s

ficance id :.i.L;;o :r0lati.valy l.i.r.._;o . 1.:h~ 1no,:; t im})ortant are 
1
l'in , Niobi•lm, 

run.;sten, ;.1olybdell•l.n, .:.1 ' " • .,.,aJ ..:a.i.uiwu, .;ilVe!·, COpJ!er , J:lii;mut h and Li tni u m 

'l'he r c a N a number of fac t ox·3 \/hic:h ef;c1.; t ·''" devel opoent of econ omic 

;:1inerali::.d t.i. •.:;.1 i n a l kaline t;raffitc com.1. 'l\.:x . ·1 .. n~.,l: i n-..l'J ~ ~ t he source ori., in 

of "".'";_ "':°l cener-ation , th~ i n.:.l.1ec1cD .J.nd 0ompo.;ition Jf con tinental crilst , 

and t he role o:: fluid.; 1;hid1 u-:.-.vc;'-·..;~ <ll'ld 1'-'ric.i i _ t. t '•-' or~ metals in high 

concentra tion. 'l'he pr l 11.J.r :I uun3rali:t.atio;1 L ; <.1.l m0s• exclusively to the 

bioti t e crr-.,.ni to <.d dh;::;enit'-" t i otL i'1 a l bi tised gra.ni te o.nd a s ..;re i "sen lodes 

ll.lld v ein. Geochemical and mineralo..;ical ovi t.!811ce •t.i.;u'Cdt that the 1ia.u'lll.l3 

from which t hl!l the e;ra.ni te fonnod vicn·~ derived by pa.rtial melting of cruata 

source material. ·rhe y " re commonly peralKaline and sh<M chara.c t cri :Jti c of 

S-type granite. I t vias :;u.;gested by rlov:den ( I 97b ) ti..t l'i n :>.nd a ssociated 

concentr:i. t e•l by ,Jr oc c...;.; ol fractional crystallization a.rid 

transfer. Some of the mine rals :i.re presentl.,y bein.; exploited on 
elements were 

fluid pha~e Bowt.len ( I 97b ) pointe,l out , h.,,t the 

the Jo B plateau a s placer depos i tes. 

0ti . 
ginal granite has been l ocu.l lY c onnected t o .-lbita , 1nicr.lcliM ail-i ~risen 

'l'noue;h mineralization i n Nit;crhl.n Yoll!l,;er Cra.ni t e Complex has been 

established no such mtne r
0
liza tion i s i·eco,;ni s.3 i 1 r.)C\<.; o1 Jllingi canpl cx . 

The rhyolitas whic\1 a i·e the domino.nt rock u·•it" i ,1 th• •naPP<d .J.1''1.> 

aJ?e . considered t o be associated with mineralizati on \1orld >1ide . l'Or 

ins . ta.nee the Uranium deposit o!' Utah ( Steven and iiamasson 1982 ) where 

u--' J 'm. mineralisat ior1 occurance i s ,sene ~ ic:;llY i;.os oci.•'ed with 

-~:r--"'•'--
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emplacement of ~lassy r hyolite dyke . r.ccordint; to thes.? .. uthor;;; the 

rhYolite-basalt dylcy , and U:ra.mium and '"olybdenu.i; b -.arin,, vein £r0, a r olatcl 

• tne=l system 10.cmeJ in fractures i n the hi,)11.f br.J,.~n roof above t he 
hOdJ:O 

stock· 'l'he l<lll ~m•le \)rl) d.J...1se111in.. ti on o;: C.;. _..,r, i~··Yl ~~, l r <L ,;b' en l ~'"' 

th~ v Jl.:.... ,i .:: 'w-·2.o"' • Li~ unit of Feruvial coa.3W.l Ha tholi th 0.i. t;ambia 

~ive another caoc ..;tc1.iy ( A..,.i.r I98I ). L'1 t' ''" lli..;:x·i~•l : H 1_; ;c .;c.,'"li•c , 

C'1!10ns tr.i.ted at ribchi ( i:lo;rdcn 1)76 
r:\, 1; mine:ra l das::iemi°" ti on ii,,.ve been 

Also flourite , ,,ulphi t ' "'nl 4. '1.,.rt~ sulphite vei n l eposite do occur as a 

reault of :.luid it1te:ra.ction with lhc volcanic cover. 

Th~ thin "'""ti tin ... tn·l; , ,1 I'.\1J•li o •. :·i·i>.i Ningi does not i naicate any 

pre sen~» o:' :c:ulrhi t• • ir' c'"" ' '" . , t hough c;rinseniz<J. ti Oil are noted at contact 

and fissure of the rock uni ts 11ot,.bly r ebiek.i "te-<.ei.,irinc .,n.ni t e , but thi o 

is not very much J!rOHau.1::e. ~urther more , where "'"' l\)'J.L·otlu r :;ul Ore le)J'J.Ji t 

t i:lic::.ta T~·'-'•''.°1- ·' 11 ,) ·] b .._ 'i"l13 • - ,. ' , evidence 01 hyctrotherrr .. l ,.ctivi ty i3 

not the only diat,nostic evi<.knc•. l ·c.r r..in,,r;:..liz;;;li<'r., thio is because of othEI'.' 

factors t hat operate in conbilld. ti <>n wi t h the hydrotherrna.l fluids to rnake 

mineraliw tion process . These fo,ctors include the tr-<l.ce elenent c:>!ltent a.'ld 

in this case the tin content of jlhe flui<l, the '-' salinity and aci di ty of the 

iluid, the source alld dr;ree of interaction 01 t\1d dui l incl11dinC' ion excha 

nge and also the tempeta. t11re oi" forrna ti on of the ~i·ieom _s ·.<~ll o1s t h•' 

structural 
011 

atra tigraphiC factors. In Nin!P- the mine:ral oJ.' Or13 va.h1e rra;f 

have a.cco1npi.nied th~ rh.fOli t 9 µ.i.rt OL plutonism but nave been eroded awa:J 
or' tha Q.!"c-0. • hi:•n.l i r ... l ( 1979 ) showed 

judtJ_ng from the inten:o1i ve er ooi OH 

that . 
' in the anorot;enic ril'\6 complex , <> series or' h;11r athex111al alkaline 

llrocesa with related miner.i.lization van be recoJ!lise1. In f.E<l'l!.ll:aline 

tram.t 

e , the proce8"1 of sodic metacw:..tL;u is characterised b:f the develop-

aeg irine and alkaline ampnibolei n the compositional r-..ni;e 

to li th~ll erfvedsonite as i n the caa<J of ricbcl<ite- ae.:;irine 

l!!ant t 
' of Ni""• "" ri•""" Co unJ -''" iM u~ ,,uw 11>' '"""'"""'' 'J 

I. deep bl 
- ., to b<o~ 0010~ ,.nd ;, '"''"°"'""d oY ""' "'"" ''°"" '"'' 

ment of albite , 

from riebickite 
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. •h concentration of some of th& tuinor 
hl_, 

pite haB lead t o t hre s u.....:,e:iti o, tl.a t 
fP' 

el0m ... n i;3 in the riebeki te..,.e.,i rine 

the later may rP.pres ent pe!;'!l\atitic 

i on or r. t lea;.; t i.h;:. t t 11.i ,_,r..uii te have been al ter ed b,t hyarotherrr.al 
il'trus 

fluidS• 

Bowden ( 1982 ) and ..tri .;ht e t. .<l ( l ;Jtl5 ) e .Jt.:J.Oli.Jhed J. "ari ·~.i .)f ""s~ 

mit:ration from Nii: - :3>'1 wil,h the Northwacls Your1,1;er LOr ..ni t e e be i ne ol der 

tha?\ the Southwn.rd o Youn._;r~r 1..1.;.nit·:oo. '1'he s ub:;,, ,iont 1d .... i"C.~i '>l1 ": orogenic 

center whi ch Q<J.VC r iu• 1.u local cocentni.ti cn oi ~olUJ,;t',i tc , ca: ne t tJ r ite and 

uraniUf.l was linked to the <lLe, 1ra01ru t ype .;.nu • £',..t; tiorut i on. 1''rom their view 

the you."\'. c:: :me.g-1ua of the s outh :i.1·e mor e cn r i c hc<l with minerals f 01ming t race 

el<r.,r.t.; t han t he Olde r Illa~""'-• si11c~ the Norther·n yuun0 "r ..,1·::.ni t"1 s ure unmi-

neiali::ed . Ol a.de ( 19 80 ) s u.,..,este<l trot i.a.rt 0 1 t h" rea son f or non- miner -

alization ?i other r ocik unit<l i n t he Yo1UlL'"'' GrG.I t l t~ CG111.1l """:.: i s due t o t he 

fact t hat t in i s l ocked up in r i ebeY.i t c , l aya li t c a.ud ho:rnblen:le minerals 

which crtstalli:o0d 0_rlJ in the ;ara.:;ene tic s equcnc0 . 

close examination c onld not y i eld ;;.n" vosi tive reGult .or Ore depa.:iitio:i 02· 

Aililuvian :l.rvl _,u >0~ ·;, -: i.il deposits alon.; t he s t re::.m cronneL ; under 

sulphite disoemination . Therefore il NinSi co1nplex h,1ve some mineral dassem

ination it would have been eroJ.ed and deposited very cl ose or . ·ar awa:.t from 

the complex. 
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2-~-~-~-!-~_!!_ ~ !_~ 

~fil _ _!l~_-90~1.:~T!Or-l!:l . 

The napped area i3 uude UlJ of five roclr..a units, 'l'he r11yolitic..;, ae

p rine _ riebeekitc gra.nitc , t,Ianitc .r>Or1>hYrJ, rhyoli t 1.: p0r phyq a nd !la.salt., 

The field r..:lati oruh i p a nd i,ctr•>b).t.. hie :.tud~ ind!.~ t<.. th;i.t t he .chy-

oli tes 
of .Ni~i complex have porphyritic t cxtui:e::i with t he t>ph,r 1-

J.iti6 textur•~B am the minor.ilo..;y com,;ri. .J·.JJ oi o.::lhvclt..J" 1.40%) Olio;oclase 

\~I~ ), quartz.I.IO% ) d.nd bi oU to \ 2% ). 'fhe "'cc ... ..,:;or ; mi m••\..l.J are un1e t er 

minB 1o1hich are probJ.bly t.h1: !J-;ffie 11ith trut o. · t.hu pheruLyr., t . The au.,i rinu

Ii< beekite grani tc , c oo.rsc L=iQ.l wi t h " por,>n":. i Lie t1; t,ou... . 'l'he minerals 

identif iable a re oli~ocl;,.se \ 50 ;; ) , .. e;irine \20 '~ J , , u:..ctz \ 25% J, R.icbe.,ki-

te \4 ·( ) .ind biotite ( 2 ;6) ,0.1.· .hu acc essory minerals . Granite parphyry 

la& ;: .Jr phyqtic texture and has incrocnine\20~ J, <iuartz \ 25;6 ) , bioti;;u\3"1 ) 

aJll ~ht mt.cixlb2%) . hhyOlitc ,.ri_: .• '" in porphyritic in textw.e and t he 

mnerals z.r·2 oli_;Jcl.;..:;0\ ;iU ,~ ) , -.•.urtzl 20 %) and gr ourrl massV:i0% ) consisting 

of quartz and f eldspn·.;. fu.:ul t..; are fin e g-rained rocks with some vesichles 

aoo inclw:li:>n i n s ome, the minerals x·eco0 n i.o;ed arc Oligoclaset 30% ) 

P'iroxene\IO;'. ) , olivine(.5 ,~ ) in t he fine graind t ype and (30~~) i n the olivi-

lasal ts arrl glass ( 40%) I ri tti£l fine gr;;ain t:asal ts and ( 55% ) in the Gli-

Vine \:e.salts. 
From the petrologic and iiel d relationohip study, the Ningi .cing com-

ilex is s . 
irn1la.c t o t ho<>e 0 1 th1; cent:cul Pl ateau 01 Jos. Hence, mantle 

01

·ii>in 

f or thooc r ocks ru.s been suggested with c1·ustal contamination as proposed b·· 
. J 

li 'i. ( 
• •OC 1974) and supported by llr own (1958) and wribht et al (1968) . Thelr 

e"i<ienc · 
e include the s\u rpne;;s of t.heboundaries . Also an avolutiona.cy sequ-

~ h . . . . om gabbr o throU.Sh monzo~it<l t o syern te by cont1ne0o.1s pla.;1oclase and 

r1~11 . . y pot assi um felds~r rra.ctionation to per3.lkallne ,;mni t e ~ram te 

(J\i.c1 eod et a l 19
5

7 ) can a l so be 8 ue;,;ested for the Ni~i complex. 

f l Thi s work i s restric ted to . the petr otl':mphiC stuey ofthe rocks and 

I el d 
t'elationships . Due to t his restriction , most of t h" petrochemical de-
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. n onthe g enesi s 01 the Ni llt',i complex as well c...i tht t<:ctunic - nc. 

c.uct10 " 
, .. ...,1 evolution 11<.>l,,l:- <'• v ... J.·i0us rock emplacement menLional above '•ere 

5t1'-1C ·..-.-

on inferred dat.... dowever, in :n:Lr t0 .)bk.in more i nioi'tmtion a 8 re
~sed 

to th.i ori,.;in o. th.J m..0 . u vl thu Nint;i r i ng com, l ex , analyeiu 01 tht 
@rdS 

r ock uni ts i s necessary. 

Berouse or t he a1orem.;nt.i ·med. liDituti,.,,1..,, L i ., s~gested that fur

ther resm•·ch which will umpl•JY b-i .. h 0 ;)_,h,,oic.,l a nd geochemical methods on 

t he rock uni t 3 i s rol!uirt1rl . "nrl t . .i.., ~no•1lrl f al l ow tw o a pproac hes , t he 

fiel d a pproach. Geophy s i c.:i.1 s tudy - y ba limi tJd uuinly t o _,r .. vi t.1 _nd r:u.:;-

natic s•JrleY uO \ . IK\i li11; Vt:1'~ic,;.1 thickne5'l Of t he CX[O_,ure . 'l'he (l.IIOmaly 

shown by thtc the 11u.gnetic an!l b'i-avHy survey wi ll also help to dotJrmins i. 

these disseminati~n of Tin 0r ~ulphide deposits cover~d ~J thtc rhyol ite cov~ 

laboratory work on th.; v,.d ·~:J.s rock uni t s 01 Ningi ring compl ex oho-

old include c'10~1ici..l ~n...lydi::J .. h ' percenta.&e oxide of the metal s contain in 

~he rocks and also 
i30tope geochcmical s•ucies 0£ the roe:. minerals and 

the .;reisen. l'hi::s will .;i "" r.iu ~ .... l ox iues whi ch wi ll be plotted 00 a Harker 

diasmm \/hose data clusterin..; will indlaase the var i ation in the oxides with 

respect t o Si0
2

• The percentage oxide can also be plottdd on a.n A»! diagram 

{ A;: ~20, .~' ..,·eo:: ~·e2u)" Total uon and N,:.l",go ) 1:6 know t ho compotional 

variation of oxide i n t he t.cenu . a ll t his wi ll help to tell the amount of 

oxide i n t h e i:·ocks and the rock t ype . 'l'he Isot opic studies will he l p to 

!ind t he a ge of the rock andthe t emperature OL io:cmati on O• both study will 

also give i ndications of sulphi<Le or ot hc:t: o~·e,,.:itential 0 1 the r ock. 

Dstailed chemical studies co .ld reveal the preseru.: e of some rare metals in 

trace or minor amounts i n t h e r ocks , 
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HST OF PLATES 

pl at e 1 - Photomi crogr~ph of rJiyoli te sho·,,ing f e lds ~ar s .reruli tes. 

pl ate 2 - Phot omicror;raph of rhyolite showint: banding cause by flowage . 

plate 3 - Photomicrorraph o f aegirine - reibeckite gr;mite chowing 

aegirine ~nd reibeckite ereins . 

plate 4 - Photomicrogr?.ph of crwi t.e porphyr; chowing Carl bad Twi-in int: 

in orthocl~sCI fel dspar . 

pl ate 5 - Phot.oMicrograrh of 1\oralt showing f ine iµ-:.ined r,roundmaso with 

oomCI olivine inclutions . 

Pl ate 6 - Photomicrot:r~ph of rhyolite porphyry showinP fractures in 

quartz rrc,i:i . 

Plate 7 - Photomicr~{Taph of r~yolite porphyry chowinG Albite twining 

wi th qu"rt7 ;md pl~'"i ocl ?se intergrm1th. 

Plate B - Phot omicrot:"aph of reeks from area of mixing showing granit e 

phenocryst and other r ock units . 



PLA'l'J:. . 1 

Photomi c r ocraph o f r hyoli te sh_wint,, feh. sp~r 

spheruli tes . Unct r cross nic~ l x ~O 

PL.1-1'l'E . 2 
Phot0mi cr ogr aph of rhy <:l i te sh.:>w1ng b<.nai g cause 

by fh,W<•&e • 



PLr."-'" · 3 

P!.ctc ~ .. .icr :.t..r ...- ~. i . .. 1 :::-~ f;irir.e- r "' t.ecki t.e _r ;_ •. i t e 

f,! J \',r .:...~ ~ 
::i l!_ i 1·J ne • n :... r ieb ec <d tt. _r :::. i t. s (Pink a r:d 

'" r e en c .1.c•urs ) . Ur.c.c r c r o s s ni c el >: .,0 

PL.-.'l'E . 4 

Phot c,u,i crogr a,,h of t n rn te po r ,•hyry s t._ win.., c~ rl sb,. c. t v; 

twinnine; in orthocluse f e. lusp r.ir . Unc..er cro ss 1.ic ol 
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