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Volume 1.

Photogeological and field studies of Jurassic

granites and their mineralisation with special

reference to the Bukuru/Ngell valley area.



iv.

Abstract.

The Jurassic granites in the Nigerian Younger Granite

Province belonging to the Jos-Bukuru Complex. - in the Ngell

valley, are compared with granites from the more southerly

Ropp Complex. Tabulated petrological characteristics of each

of the variants from both complexes indicate identical - though

widely separate - rock types in similar sequences. Satellite

photography of central Nigeria suggests that the Jos-Bukuru

and Ropp complexes may be connected. It is concluded that nine

biotite granite phases of the Jos-Bukuru complex, previously

believed to be separate intrusions by MacLeod, belong to two

major biotite granite intrusive cycles separated by the /

emplacement of hastingsite-favailte granite.

Mineralisation studies completed in the Bukuru/Ngell

valley area were continued in the Ropp and Saiya-Sholcobo

complexes and led to a more detailed investigation of mineral¬

isation in other rock types.

It is concluded that the peralkaline granites have

only one dispersed phase of mineralisation. This is thought

to be due to the retention of water and volatiles by a per¬

alkaline magma until late stages, when a residual liquid

separates and modifies the partially crystalline alkaline

granite.

In contrast there are two distinct stages of mineral¬

isation related to the cooling and consolidation of biotite

granites; an early dispersed (apogranitic) phase arid a later

metasomatic replacement - vein forming stage.

The development of columbite in the Younger Granite

Province is related to the apogranitic stage, which is a late-

magmatic, pre-joint phase of mineralisation. Recrys tallisation.



effected by a new growth of microcline and albite is accompanied
I

by an introduction of xenotime, thorite and hafnium and uiianiua

rich zircon in addition to columbito. Fifty analyses of

Rayfield Gona granite affected by this type of mineralisation and

recrystallisation showed a varying Nb^O^ content frora less than
j

30 ppm to over 2,500 ppm with high ThO^ values in those samples
with an enhanced Nb^O^ content. In general columbite
mineralisation is not accompanied by an extensive precipitation

of cassiterite.

In contrast with the apogranitic phase, the replacement

vein mineralisation is post-magmatic arid predominantly post

jointing. The veins consist of quartz, Li-Fe or Li-Al biotite,

topaz and/or fluorite. In addition to a high cassiterite

content in some of the veins, a mixed assemblage of any of the

minerals sphalerite, chalcopyrite, galena, pyriie, monazite,

greenockite, chalcocite, covellite, native copper, genthelvite,

phenalcite, arsenopyrite, molybdenite, bismuthinite and uraninite

may occur. These veins are generated by biotite granite magmas

and may be found in basement, pyroxene or fayalite granite, and

riebeckite porphyry which surrounds or overlies biotite granite.

Veins are only abundant, however, in medium to fine-grained

biotite granites; this simplifies the search for the veins.

In some cases it seems likely that the veins in one biotite

granite have been generated by the intrusion of a later biotite

granite phase emplaced at deeper levels (e.g. Liruei). This

mechanism may account for the formation of veins that appear

to have no definite spatial relationship to the host rock.

Occasionally, areas that contain numerous replacement

veins cam be identified on aerial photographs by the increased

density of joints in the vein rich area, in contrast with that

in the host rock.



Within those replacement veins there are definite

stages of alteration affecting the host rocks. During argillie

alteration, which is the first phase, there is a. partial

alteration of feldspars to clay minerals. This is followed

by chloritic alteration when the original biotite of the host

rock is chloritised and a massive input of fluorine may

introduce a complex assemblage of sulphide ores in addition to

some cassiterite. This is the main phase of ore deposition.

During sericitic alteration, which follows the minor chloritic

alteration, sericite is formed as a result; of feldspar break¬

down or by hydrogen ion metasomatism "of the chloritic mica, and

only minor amounts of ore minerals occur, usually sphalerite or

galena. Greisenisation postdates this phase and is character¬

ised by the development of new alumina minerals (topaz and

siderophyllite or protolithionite) in association with quartz,

and the disappearance of sericite. Cassiterite is the only ore

mineral common to the greis en-stage of vein formation. Finally,

silicification may affect the veins formed by the previous

stages, or there may be a development of quartz fissure fillings

sometimes with cassiterite and occasionally with wolframite and

sphalerite.

These sequences of alteration are shown to be almost

v
the reverse of those described by Stemprok for the Bohemian

massif and examples of Bohemian types of alteration are recorded

throughout the world, in many other tin provinces. The degree

of sericitic alteration in Nigeria, in comparison with other

provinces is very weak; furthermore, the advanced argillic and

propylitic stages of alteration recorded in other, orogenic,

regions docs not seem to occur in the Nigerian setting. Such

differences may be fundamentally related to the tectonic environ

nient, source and origin of the magmatic liquids and residual
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CHAPTER 1.

General Introduction

Aims of the project

Previous mapping of the Bukuru-Ngell area by W.N.

MacLeod had been on a scale of 1:50,000 and had concentrated

largely on the different granite lithologies. The published

geological sheet based on this work, in Bulletin 32 of the

Geological Survey, is at 1:100,000 scale and shows only the

distribution of different granite types. Areas of intrusive

basic rocks, fluvio-volcanic sediments and mineralised veins

in the area remained unmapped.

Previous information on the primary mineralisation

was restricted mainly to mining company literature and the

relationship between individual, areas of mineralisation,

especially those belonging to different mining companies, was

not clearly understood.

The aims of this project therefore were:-

1). To make a more accurate and detailed geological map in

the Bukuru/Ngell valley region as an area of known

mineralisation, using part of the new, high resolution,

large-scale 1:10,000 photography. This black and white
2

photography includes approximately 100 km and covers

part of the map sheet 168 NE.

2). To study areas of known mineralisation and to examine

their characteristics on these photographs in the hope

that a pattern would emerge that would aid in the

location of undocumented areas of mineralisation.

3). To combine new and existing information on mineralisation

in an attempt to understand the processes of formation

and distribution of the ore mineralisation.



To achieve these aims a composite of overlays was

made of the Bukuru/Ngell valley from part of the 1:10,000

photo coverage, at the same scale, in conjunction with a

field investigation. Areas of known primary mineralisation

outside this project area were also examined both on the

photographs and on the ground to gain more data on the

characteristics of mineralised areas.

The ultimate aim to assist future project work was

to try to identify areas containing mineralised veins from

air photographs alone so that the technique could be used in

relatively inaccessible areas, such as the Ningi complex.,

General Geology of Central Nigeria

MacLeod et aj-., (1971) describing the general geology

of the Jos Plateau in Bulletin 32 of the Geological Survey of

Nigeria recognised the following successions;

5. Quaternary

b. Tertiary

3. Jurassic

-
. Alkali olivine basalts ^ 1 my

- Sedimentary succession with

associated tholeiitic basalts.

- Younger granite cycle 200-l'KD my

with associated tin and columbite

mineralisation.

Lower Palaeozoic/ Pegmatite mineralisation containing

late Precambrian cassiterite and columbite/tantalite,

Late Precambrian Migmatites, diorites, gneisses,

metasediments and older granites of

the Basement Complex. >500 ray.



Basement

The central area of Nigeria is composed of ancient

crystalline rocks which were re-deformed and metamorphosed

during the Pan African thermo-tectonic event which is

regarded as an orogeny by some authors (e.g. Gi'ant 1969).

Rocks belonging to a phase of sedimentation within this event

probably occur in the schist belts which lie to the west of

the Jurassic granite complexes. (McCurry 19?l). These

were invaded by largely concordant granites lying in a 600-

500 my zone between the cratons of West and Central Africa.

Until i960 the Basement had remained unmapped but

during the period I96O-I962 six 1:100,000 sheets covering

the Jos Plateau and surrounding areas were mapped under the

supervision of E.P. Wright. Since then, several authors have

completed more detailed age-dating on the Basement and McCurry

(1971) and others have discussed the effect of the thermo-

tectonic event in Northern Nigeria.

Whole rock and mineral Rb-Sr and K-Ar analyses yield

ages in the range 2,200-500 my, the last event being the wide¬

spread intrusion of weakly foliated 'older' granites which

have yielded mineral and whole rock ages ranging from 6l8~4l7

my (Grant 1969). Van Breemen et a1. , (in press) suggest a

peak of granite plutonism 610 my ago. Grant (1969) suggests

that the Pan African orogeny resulted in the reactivation of

the Nigerian Basement Complex and gneissic Dahomeyan with the

emplacement of a granitic suite. He suggests from his geo-

chronological data that the pre-reactivation Basement included

rocks of Birrimian age - ca. 2,000 my old. Vachette (196^4)

has obtained ages for the Basement in Niger and elsewhere in



k.

the West African craton varying between 2,000 and 1,700 my

which is the original age of the basement rocks before over¬

printing by the thermo-tectonic event affected the 'ages' of

the old cratonic continental crust.

McCurry on Sheet 21-Zaria, (1973)> divides the granite

into two main groups according to their field relationship.

The elongate, batholithic sheets which are partly concordant

and show good foliation are considered to be 'syntectonic',

whilst the poorly foliated, discordant bodies, rich in mafic

xenoliths and having a lower proportion of potash feldspar

are considered to be 'late tectonic' .

In the central area of Nigeria, around Jos, this I

tectonic division of the granites is not apparent. The 'olde

granites are much more abundant, which could be interpreted

either as a marked difference in erosional levels or as an

eastward increase in Pan African magmatism towards the centre

of the orogenic zone.

In the Plateau region there is a succession of

granulitic gneiss, followed by intermediate rocks,

migmatites, granite gneisses and later intrusive members.

The pre-iniginatic rocks are postulated by MacLeod e t al. ,

(1971) 1° have been derived from a psammitic to semi-pelitic

sedimentary series which was regionally metamorphosed to the

biotite grade prior to miginatisation. The regional meta-

morphism has been shown by van Breemen et al., (op cit) to be

Precainbrian and there is no evidence in north central Nigeria

for sedimentation continuing into the Cambrian. Also all

magmatism had ceased by Cambrian times, except for the

development of pegmatites.

Black and Girod (1970) demonstrate that the distribut¬

ion of the eruptive rocks in Nigeria is closely related to the
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pattern of pre-Ordovician faulting in the Basement. Tl>is

pattern, although masked by later superimposed faulting,1

extends over most of the Pan African zone to the east of the

West African craton. In Air, Hoggar, Togo and Ghana these

are in the form of northwest sinistral faults accompanied by
|

a few complementary northeast trending dextral faeilts. 1 They

observe that the major faults in Nigeria and the Cameroons

are northeasterly and east-northeasterly wrench faults that

are complementary to the northwesterly sinistral faults that

traverse Air. Many of these fractures have suffered renewed

movements at intervals and have influenced the localisation of

zones of subsidence and intermittend uplift. Black and Girod

also believe that the north-south upwarping which took place

in the early Palaeozoic formed an emerged land surface over

most of Nigeria in Palaeozoic and early Mesozoic times. On

a more detailed scale the basement trends appear to have

influenced the location of the younger granite ring complexes.

The Jos Plateau lies on a discontinuity within the basement;

to the west the trend is north-south whereas to the east the

lineations are east-west or northeast - southwest. McCurry

(1971) concludes that minor structures imply at least two

major episodes of deformation affecting both the crystalline

complex and the younger metasedimeniary cover. During the

earlier phase ENE structures predominated with the axial

planes of the folds dipping north and south. Later isoclinal

folding has produced the north-south trending structures

common over much of Nigeria.

Widespread pegmatite and aplite development character¬

ised the latest stages of the older granite phase and marked

the termination of the thermo-tectonic event, probably in the
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lower Palaeozoic ('fugarinov 1968). The most important

mineralisation occurred along a central, east-northeast

trending belt and was best developed at the eastern end near

the southwestern edge of the Jos plateau (Wright 1970)•

Principally the pegmatites consist oP quartz, microcline,

oligoclase, biotite, Muscovite, garnet and black tourmaline

but economically the most important minerals are those of the

columbite-tantalite series and cassiterite with beryl, pink

and green tourmaline, apatite and lepidolite.

The complete sequence of events is shown in Fig. 7»

Jurassic Granites

Distribution and History of Previous work .

The anorogenic Jurassic granites of northern Nigeria

were intruded at a high level into the late Precambrian to

Lower Palaeozoic basement as ring complexes. Over hO
2

individual complexes range in size from 1,500 km to less
2

than 2 km . In general the suite of complexes from Daura and

Matsena on the Niger border to Afu in the south are concentrate

in a 200 km wide north-south zone. They form part of a north-

south chain along the ninth meridian, extending from the

Niger Republic 1,200 km south to the margin of the Benue trough

in Nigeria (Fig. 2). This chain is structurally controlled

by the main Pan African trends in the basement and is aligned

with the zone along which crustal separation of southern

Africa and South America took plaice in Mesozoic times. It

seems probable that the granites lie on an extension of this

ancient lineament on a zone of incipient faulting along which

crustal separation did not take place (Black 1965)• Although

the granites are unrelated to orogenic activity it seems

likely that their emplacement was associated with epeirogenic

uplift. The granites all display similar joint patterns;
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the major joints trend in a northwesterly direction which

coincides with the planes of weakness that are complementary

to the east-northeast wrench faults in the basement (Black

and Girod 1970).

The younger granites were first defined by Falconer

(l9H). He described them as cross-cutting alkali granites

containing riebeckite or biotite, characterised by chilled

margins against their country rocks, and noted their undeformed

post-tectonic character, contrasting them with the foliated

ca.lc-alkali.ne older granites of the basement.

The first geological survey began in 1919 immediately

after the Geological Survey had been established. It

revealed the essential geological features of the younger

granites and recognised the biotite granites as a source of

the abundant tin mineralisation which had inspired the survey.

Falconer, Director of the Survey, recognised the pre-eminent

position of the Jos-Bukuru complex as a source of cassiterite.

He noted the heterogeneity of the complex but attributed the

textural variations in the granite to the proximity of the

batholith roof.

Bain (193^)» Jacobson (19^7) and predominantly Green¬

wood (1951) drew attention to the structural and petrological

similarities between the younger granites of Nigeria and the

White Mountain magma series of New Hampshire. More recently,

the younger granites have been shown to be similar to complexes

in Air and southern Niger (Black i960) whilst Bonin (1973) has

extended the similarity to the Corsican granites. Jacobson

(19^7) in the study of the Liruei complex also explained Che

structural relationships that exist between the volcanic,



hypabyssal and plutonic members of the suite.

In 1950 the riebeckite granites, in view of their

radioactive content, were studied by MacKay and Beer (1952)
of the Atomic Energy Division of the Geological Survey of

U.K. but it was decided that they were not an economic

proposition.

Another resurvey of the Plateau and adjoining areas

was begun by the Geological Survey in 1952. Diiring this

2
survey an area of 18,000 km was mapped at a scale of 1:50*000,

based on good aerial photography and more accurate topographic

mapping.

MacLeod (1952), during an investigation of the biotite

granites in the Jos-Bukuru complex showed that the variations

in granitic texture and composition noted by earlier workers

usually occurred as abrupt changes rather than as transitions

within a single body. Similarly, he believed that other

complexes were formed by a series of distinct intrusions, often

with a concentric arrangement and having characteristic petro-

graphic features.

A description of the younger granite province was

published by Jacobson ert aT. , in 1958 as a memoir of the

Geological Society of London. At this stage the younger

granites were still believed to have been intruded during the

Cambrian period but subsequent work by Snelling (196^, 1965),

Jacobson, Snelling and Truswell (1963) and Bowden and van

Breemen (1970) and others have conclusively proved the granites

to be Jurassic in age.

In 1971 the detailed work on the younger granites and

basement which had begun in 1952 was compiled as Bulletin No.

32 of the Geological Survey of Nigeria. This remains the most



comprehensive overall work on the Province. However, there

is still a large number of complexes, amounting to nearly a

third of the total area, which have not been mapped in detail,

some of which are currently being investigated by members of

the Nigerian Granite Project sponsored by ODM.

Age Dating

Whole rock Rb-Sr isochron studies, with A= 1.39 x 10 ^
yr ^, have been completed on samples from a number of complexes

ranging from Air and Zinder-Goure in Niger to widely spaced

localities within Nigeria (van Ereemen and Bowden 1973»

Breemen e_t a_l., 1975* Bowden et a 1.- , 1976). The chronological

evidence confirms a sequential age trend. Within the sub-

volcanic provinces in Niger there is a variation from mid-

Palaeozoic for Air in the north to Carboniferous for Zinder-

Goure in the south. This trend is continued in Nigeria

(Fig. 3) from Liruei (early Jurassic) and Sara Fier (mid-

Jurassic) to Afu in the south (late Jurassic).
—I — —

6 £

j_ j Basement

Cretaceous to Recent

Jurassic Complexes
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petrogenesis of the Nigerian granites

The Jurassic granites belong to two related, but

sequential evolutionary trends (see fig. k) which are thoiaght

to have evolved from a syenitic or more basic parental magma

(Bailey, 1966). For the purposes of this discussion the

actual source is not too critical but the evolution of the

rock types leading to the development of residual mineralising

fluids is important. A possible petrogenetic sequence is as

follows:-

i) an early alkaline trend characterised by granites contain¬

ing the iron-soda minerals aegirine, riebeckite, aenigmatite
■, |

and arfvedsonite. They have an agpaitic coefficient of >1

and are characterised by ac and occasionally ns in the norm,

ii) a late aluminous trend characterised by granites containing

iron-calcium-alumina minerals,- hastingsite and biotite.

They have an agpaitic coefficient of <1 and are character¬

ised by £ and an in the norm.

The mineralogical and chemical changes which take place

along these evolutionary trends are shown in figs. 5 & 6.

The petrological and structural sequence of many of

the individual ring complexes follows the same general pattern.

Early rhyolites, often ignimbritic and including the per-

alkaline comendites, form bedded sequences with minor

associated basalts and trachytes. The later rhyolites are

porphyritic and form thick, caldera-filling flows: they

are closely associated with the emplacement of the vertical

outer ring-dykes of granite porphyry which contain fayalite,

hedenbergite and hastingsite or arfvedsonite. The main

central part of each complex is occupied by granite

intrusions, the number and structural complexity of which are

very varied.
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Where a number of different granites occur together

in one complex there does appear to be a concentric sequence

of granite types. Turner (1974) lists three main trends,

noting that reversed sequences of concentricity sometimes

occur.

1. i) fayalite-hedenbergite-hastingsite (or arfvedsonite

granite porphyry.

ii) aegirine-riebeckitic arfvedsonite porphyry

iii ) biotite granites.

2. i) fayalite-hedenbergite-hastingsite granite porphyry

ii ) hastingsite-biotite granite
.

iii ) biotite granites.

3. i) syenite

ii) aegirine-riebeckitic arfvedsonite granite

iii) biotite granite.

The concentric pattern does not necessarily reflect the order

of intrusion, or more particularly the order of production

from a high level magma chamber.

Within complexes where many biotite granites occur,

Turner suggests that there is a trend from early coarse¬

grained granites through medium-grained varieties to the late

fine-grained types.

The northern complexes are exposed at a higher

structural level than those of the Jos Plateau and further

south, and abundant rhyolites are associated with fayalite-

granite porphyries whilst only the roof zones of the biotite

granites are exposed. In contrast, the complexes of the

Plateau and south are composed mainly of massive biotite and

hastingsite biotite granites whilst the volcanics generally

are preserved only as small arcuate remnants between granitic
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ring intrusions. This difference in depth of erosion

is partly related to a north-eastward tilt towards the

Chad basin and increasing erosion on approaching the

Benue trough.

The distribution of exposed biotite granites is

of economic significance since cassiterite and columbite

mineralisation are generally associated with biotite

granites. v

Although they are not extensive and their total

volume is very small, a number of dykes described as

tholeiitic dolerite and basalt can be found cutting the

granite, generally trending north-east and north-west

within the younger granite complexes. During this project

the writer also found microsyenite in dyke form cutting

younger granite and trending north-west. These dykes

-appear to have utilised pre-existing planes of weakness

in the basement. (Black and Girod 1970).

Rocks of basaltic and syenitic composition occur

at various stages in the development of the Nigerian ring-

complexes indicating that magma of these compositions was

available continuously or intermittently during the

evolution of the province.

Mineralisation

Economically, the younger granite province is of

great importance as one of the richest tin and columbite

producing regions of the world. Cassiterite is generally

found in mineralised veins and greiser.s associated with

'biotite granites. (in past literature all mineralised

veins, except for ore bearing quartz veins, have been

defined as greisens. However this work uses the term



greisens as a specific term which will be defined later
j

in part 1.) It is also present as a fine-grained

accessory mineral in some of the fine and medium-grained

biotite granites and in mineralised veins in other roclc

types. Over three quarters of the total Nigerian tin

production is derived from alluvial concentrations shed

from the biotite granites and ore bearing veins of the

Jos-Bukuru and Ropp complexes. (Dent Young 197^)•

Niobium is abundant in albite rich granites and

crystallises in the form of columbite in the biotite

granites and as pyrochlore in the peralkaline granites.

In addition to pyrochlore the albite-riebeckite granites

may contain cryolite, thomsenolite, and fluorite and are

enriched in a large number of rare and trace elements.

As yet they have not been exploited. In contrast, the

albitised biotite granites, where they have been decomposed

to the consistency of clay, are being worked for columbite,

xenotime, thorite and Hf rich zircon.

Despite the wealth of ore minerals there has been

little published work on mineralisation. In 19^3 Haag

described numerous wolfram localities and during the years

19^5-19^8 a large part of the Plateau, considered important

because of the tin, was re-surveyed. This information was

published by MacKay e_t aJ_. , (19^9) as Bulletin 19 of the

Geological Survey and this described in detail two

cassiterite-bearing lodes, as well as the distribution of

alluvial tin and columbite. Jacobson (19^7) gave a

detailed description of the Liruei lode and MacLeod (1956)

and Williams e t a J . , (195^) discussed the columbite-bearing

granites of the Jos-Bukuru complex. Wright (.1970) irl hi-5
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discussions of the controls of mineralisation of Nigerian

tin-fields summarised much of the existing data on or|e

distribution. Both the 1958 Memoir and Bulletin 32 of

the Geological Survey note that 1greisens' occur in many

of the granites, but no further description is given.

Tertiary Older basalts and Sedimentary Series of Tertiary

to Quaternary age.

The name fluvio-volcanic series was used by
"V

Falconer in 1921 to describe a series of sediments and

lavas laid down over a wide area of" the plateau, probably

during mid-Tertiary. Gravels and sands were overlain by

fluviatile clays. Widespread eruptions of basaltic lava

covered these sediments and prolonged weathering decomposed

the basalts to clay. Leached iron oxides were redeposited

at lower levels as ironstone bands and the characteristic

flat-topped hills of the fluvio-volcanic series were

protected from erosion by these hard cappings of ironstone.

The Tertiary sediments contain the oldest alluvial

cassiterite, derived from the primary sources mentioned

above.

MacKay e_t aT. , (19^+9) give the following as a

representative sequence;-

1 metre - ironstone capping

36 " - basaltic clays derived from the older

basalt s

3 " - sedimentary clays with lenses of well

sorted sands

1-g- " - sands with cassiterite.

However, the beds vary considerably in thickness

and from one locality to another. Dixey (19^9) suggests

that the original thickness of the fluvd o-volcanic series
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was at least 350 metres although MacKay e_t al. , (op cit)

suggest that the total thickness was probably only 70-100

metres. They also estimate that the total area covered by
2

the series is about 180 km .

Volcanic activity has taken place intermittently from

Tertiary to Recent times. The resulting basalts have been
♦

divided into two groups; the older basalts, some of which are

lateritised and the Quaternary Newer basalts. The lateritised

older basalts represent lavas now decomposed to clay which are

usually overlain by a thick cap of lateritic ironstone. The

relationship of the unaltered older basalts to the old laterit¬

ised and the newer basalts is not clear but it does seem likely

that each group covers a considerable age range.

The older basalts are possibly of tholeiitic affinities

whereas the newer basalts are alkaline and contain ultramafie

3
nodules containing Ti-Fe rich hornblende, zircon, ferrisalite

and Fe spinel. Wright (1972) describes tholeiitic older basalt

from the south-west of the Plateau, containing 10^ ortho-

pyroxene (bronzite), 35/» clinopyroxene and ^5/& plagioclase of

approximately An 55 with little or no olivine - the remaining

10^o is glass .

Black and Girod (1970) suggest that the Tertiary to

Quaternary vulcanism in the unstable belt of orogenesis to the

east of the west African craton has developed only in zones of

pronounced epeirogenic uplift where deep pre-existing faults

provide channelways for the rise of the magma. This epeirogenic

uplift which took place in Cretaceous - see fig. 7 - would also

explain the onset of sedimentation.

During the denudation of the Tertiary granitic land¬

scape cassiterite was eroded from the primary sources and
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concentrated in the alluvials,often in small rich pockets,to

form important areas of secondary mineralisation. Later

erosion may have reworked these sediments and redeposited

the cassiterite in complex patterns.

The alluvial ore-deposits in Nigeria are very important

since virtually all the cassiterite and most of the coluinbite

has been worked from modern streams and their old channels.
v

Very few stream valleys are not overdeepened by the tin

workings of individual miners.

The ore-bearing sediments are mined by drag lines,

gravel pumps, dredging, hydraulicing,or are worked by hand;

The content of the ore concentrate varies in different areas

but may contain cassiterite, columbite, ilmenite, magnetite,

zircon and small quantities of xenotime and occasionally

monazite. Cassiterite and columbite are the most abundant

and valuable minerals although concentrates of the others

may be sold when the current world market price is high.

The tenor of the tin in the alluvials has been known

to exceed 3»500 PPm although the grade, which has been

gradually decreasing since tin mining began, is now commonly

below 700 ppm. However, tin values along a channel can vary

very rapidly.

In a modern stream it is not always possible to be

sure whether a deposit has been derived directly by granite

weathering or whether1 there has been reworking of the Tertiary

sediments - which must account for some of the concentrates

in the present streams.

Although the coiumbite is smaller in size than the

cassiterite grains it nevertheless has a better crystal form

in the alluvials than the cassiterite. It is also more widely
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distributed from its source because its finer grain size

enables it to be transported a greater distance.

Columbite also occurs over a greater vertical range

than cassiterite, presumably because it has a more general

distribution in the source rocks.

Much of the cassiterite occurs in grains which are

greater than 40 mesh in size, whereas over 90c/o of the alluvial

columbite is finer than 60 mesh.

MacKay e_t al., (op cit) estimate that the ratio of

columbite to cassiterite throughout the minesfiela is between

1:20 and 1:25. However, as the columbite is of a finer grain

size than the cassiterite estimates of this ratio are bound to

be inaccurate since there will be a greater loss on recovery

for columbite than for cassiterite.

The position of major concentrations within the modern

valleys is influenced by the availability of ore material, the

gradient of the profile and the velocity and volume of the

river water. MacKay et al., (op cit) noted that all major

deposits of tin located in stream profiles occurred where the

average gradient was between k.7 and 13 metres per kilometre.

Newer Basalts

The newer basalts of Quaternary age were so named

by MacKay _e_t al. , (19^+9) to differentiate them from the older,

tholeiitic, lateritised basalts of Tertiary age. These alkali

2
basalts occupy approximately 350 km in the western and

southern Plateau and cover much larger areas below the escarp¬

ment in the west and south-east. Recent geochronological

research suggests that both older and newer basalts cover a

considerable age range. It has been suggested by Black and
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Girod (1970) that the rise of the magma has been facilitated

by the pre-existence of deep seated wrench faults. Volcanic

craters are located where younger granite ring-faults inter¬

sect with pre-Ordovician transcurrent faults in the basement

and may also be aligned along more recent north-northeasterly

faults.

Most of the volcanic vents of the Plateau lie in a

belt running from Bassa cone in the north-west to panyam in

the south east. Falconer (1926) regarded this as a line of

structural weakness in the earth's crust which he termed the

Sura volcanic line. MacLeod et al., (1971) describe another

such lineation to the south-east - the Gu volcanic line which

has six foci and a length of approximately 15 km.

Grant e_t aM. , (197^) suggest that the basalts of the

Jos Plateau belong to a period of widespread basaltic activity-

extending back at least 7 my BP. The K/Ar ages from the

Plateau date only the youngest activity. Two of the dated

samples from the Plateau are from the newer basalts. The

sample of the Vom basalt represents the 'more recent basalt'

of MacKay e_t a_l. , (19^9) and gave an age of 0.9 ~ 0.2 my

whilst the sample from the 'earlier newer b£isalt ' of the Bassa

flow (outside the project area) gave an age of 1.5 - 0.1 my.

The newer basalts erupted after the plateau had

almost assumed its present day topography. The flows were

controlled by broad, shallow valleys and are therefore rather

limited in depth, rarely exceeding 70 m in thickness. Much

of the basalt, particularly the later flows, is unweathered, -

the epoch of intense weathering and later lateritisation which

affected the fluvio-volcanic series preceded the newer basalt

flows on which there is rarely laterite.
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Most flows can be traced to well preserved volcanic

cones which are relatively small features. Eruptions were

intermittent and in some cases two, three or more flows

issued from one vent although in the Ngell cores there is no

evidence for more than one flow. The volcanoes, which rarely

rise more than 100 m above the plateau surface, are steep

sided and frequently show central craters. It seems li Ice iy

that eruptions of ash preceded many of the newer basalt flows.

Petrologically the newer basalts are dark to black,

porphyritic olivine or augite basalts with phenocrysts set in

a groundmass composed of plagioclase laths, granular augite,

olivine and iron oxides. Phenocrysts may be of olivine, j

augite or less commonly of plagioclase, usually labradorite,

with combinations of all three. The olivine phenocrysts may

be partly serpentinised and the augite phenocrysts commonly

show zoning. They may also contain numerous ultramafic

3
nodules of Ti-Fe rich hornblende, zircon, ferrisalite and

Fe spinel.

The newer basalts overlie the main alluvial deposits

of the broad Plateau valleys which are a potentially rich
2

source of buried cassiterite. Between 130 and 2o0 km can

be considered to be of economic interest ana for many years

small opencast workings have extracted cassiterite from

beneath the margin of basalt flows. Geophysical methods have

been applied in prospecting to reduce costly exploration

drilling. Shaw (1951) used magnetic and electrical

resistivity measurements whilst Masson Smith (196j) used

gravity and seismic methods. None of the methods were very

successful due to the variable decomposition of the basalt

and the small difference between weathered bedrock and over¬

lying alluvial wash.
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Fig. 7. Summary of the main structural events,

Igneous activity and Sedimentation

relevant to the history of the Jos j
Plateau i

Age my
Quaternary 2 Extrusion of alkali olivine basalts

from volcanoes aligned on WNW and
NNE fractures and younger granite
ring faults.

Tertiary Erosion of the Jurassic landscape
and deposition of alluvium.
Extrusion of tholeiitic basalts.

Senonian folding associated with
NNE faulting in adjacent Benue troug
which contains continental and raarin
sediments.

Creteaceous The rise of the Air-Jos Plateau axis

Reactivation of the pre-Ordovician
wrench faults. Formation of Benue
rift valley in Albian.

Jurassic 200-1^4 Intrusion of riebeckite, hastingsite
and biotite granites with associated
tin and columbite mineralisation.

NE and ENE trending dextral wrench
faulting which is pre-Ordovician -

N-S upwarping.

U. Precambrian - Pegmatite mineralisation of older
L. Palaeozoic ca 450 granites.

ca 610 Intrusion of weakly foliated syn-
tectonic to late tectonic granites
and granodiorites accompanied by
local contact metamorphism of meta-
sediments.

Two successive phases of deformation
and metamorphism, with migmatisation
and reactivation of the crystalline
complex and metasediments resulting
in a suite of orogenic granites (the
older granites).
Geosynclinal deposition of younger
metasediments, thick sands, muds and
greywackes in a mobile belt.
Formed schists, phyllites, quartzite
& amphibolites during pan African
thermo-tectonic event.

2,000 Folding & nwetamorphism of Birrimian
sediments dinaring the Eburnian orogen
to form a enrystalline complex of
gneisses, mriLgmatites and high grade

Early Proter- metasedimensitaxy relics. Reactivatio
ozoic 2,500 of Dahomeyam to produce a suite of

orogenic grranites.
Geosynclinal deposition of older
me tasedimerrits-Birrimian

Archaean 2,800 Crystalline Basement - Dahomeyan and
Liberian.



CHAPTER 2

The Bukuru/Ngell Valley Project

Location

iDetailed field mapping, preceded by air photograph

interpretation, covered an area of 1^5 km west of Bulcuru.

Most of the project area lies within the Jos-Bukuru Jurassic

granite complex, which together with its associated satellite

2
ring structures covers an area of approximately 750 km on the

central Plateau. The Jos-Bukuru complex as a whole is ellip¬

tical with the longer axis extending from the Shere Hills in

the north-east to the Vom Hills in the south-west. The project

area is located in the south-west of this complex and

encompasses rocks of the basement and Tertiary basalts west

of the Jurassic granites (Fig. 8).

Topography

Within the Jos-Bukuru complex there is a range in

elevation from 1,150 metres in the west and north-west to

nearly 1,800 metres in the Shere Hills. The area of study-

lies between 1,250 and 1,370 m.

Rocks of the basement complex form a broad, shallow

river valley, occupied by the Ngell river, with Jurassic

granite to the east forming rocky, rugged hills and gently

undulating terrain. To the west of the Ngell valley the lavas

of the Ngell and Vom basalts form flat, featureless terrain.

Climate and Vegetation

The climate varies considerably, according to the

month and season. There are three well-marked seasons and

a less well-marked season between October and December.
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i) Dec. - Feb. - a cool dry season with dust-laden

Harmattan winds blowing from the Sahara.

Max. temp. 30°C.

ii) Mar. - May - a hot dx^y season characterised by a

change in wind direction from NE. to SW.

Occasional heavy showers. Max. daily

temp. 35°C.

iii) June - Sept. - a warm, wet season with heavy rains-

during July and August and heavy

isolated storms in June, early July and

Sept. Max. daily temp. 32°C.

iv) Oct. - Dec. - a less well marked season characterised

by ce ssation of rainfall and gradually

decreasing temperatures.

Vegetation is of the Sudan Savanna type. During

the wet season the ubiquitous grasses rise to a height of 1 m.

There is little natural woodland remaining.
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Pho togeology.

A large part of Sheet 168 is covered by high resolution

photographs on a scale of 1:10,000 taken by Meridian in 1971.

These were used to make a geplogical base map of the area to be

studied as no suitable large scale base map existed. From the

photographs, areas from which the maximum ground information

could be obtained were selected for field work checking. Also

it was hoped that it would be possible to locate-areas of „

mineralisation.

Initially smaller scale photographs at 1:40,000 were

used to make a raj>id preliminary interpretation since a small

number of photographs covered a large area (Footnote).

The project area around Bukuru was studied in detail

on the large-scale photographs and it was found possible not

only to differentiate different rock types but separation of

some of the granite units proved very accurate. This was

achieved by noting subtle differences of tone and texture,

structure and jointing and form of outcrop. Where there are

few rock outcrops, relief, landforms, drainage pattern and

vegetation changes may all be indicative of the underlying

lithology.

The rock types described below occur to a greater or

lesser extent within the project mapping area. As it was

hoped to project information gained in this study to areas in

the far north of the province it was considered necessary to

gain as much detail on different rock types as possible.

Footnote. (Using a camera with a 6" lens, a flying height of
20,000 feet results in a scale of approximately

1:40,000. At 1:20,000 the number of photographs
involved is x6, allowing for overlap. At 1:10,000
however, the number of photos now becomes xko).
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The following criteria were established:

Basement Rocks.

These seldom occur as large outcrops except on the

escarpment and have no economic potential on the Plateau,

and so have not been considered important by the writer. They

appear an even, light to medium grey producing a featureless,

mildly undulating landscape. The older porphyritic granite

member of the group forms occasional small or medium sized

hills and is usually found as a smooth-faced, dull grey rock,

frequently displaying dyke networks. Similar smooth surfaces

are observed on the few gneissose outcrops. More soil is

normally associated and vegetation is more abundant than on the

younger granite, which is strongly jointed, the older granite

being foliated and of an overall rough character.

It is impossible to draw accurate boundaries either

between members of the group, or around the group as a whole,

even after ground checking. However, after checks on the

ground, fairly accurate boundaries can be drawn on the air

photographs between the Jurassic and older granites where

they occur in contact.

Long major streams form the general make-up of the

drainage pattern, few short tributaries occurring.

Younger Granites.

Whether as single boulders, bare rocky ridges or high

hills, most of the Plateau outcrops are formed from hard

Jurassic granite, resistant to erosion. Smooth surfaces do

occur but loose boulders and jointed outcrops are more common.

At ground level the boulders and slabs seem randomly strewn,

but on aerial examination a parallel arrangement is evident,
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with the same alignment as the predominant joint sets. It

is occasionally possible to identify granite variants in

isolation from air photographs and frequently possible when

they are in contact with one another. The appearances on the

air photographs of the granites found in the project area are

described later.

Where the granite has a thin soil cover there is little

evidence of the identity of the underlying rock apart from

occasional hills and smaller outcrops, practically the only

vegetation being grass.

In hilly regions streams form straight gullies following

major joints, suddenly swinging, often widely, into a different

joint set and heading off along another straight channel.

Even on flatter ground where the younger granite is exposed

the streams meander less than on the basement and overall a

much more dense pattern is shown.

An attempt was made to use the joint patterns apparent

on the air photographs to distinguish the granites in the

project area.

With the aid of a geological map (Sheet 168 from

Memoir 32 - 1971) bo locate outcrops of each granite type on

the air photos, rose-diagrams were constructed of the joint

directions for each type. These directions were later verified

by field work. No definite pattern emerged - each granite

showed a wide range of joint directions with major sets

orientated either north-east or north-west.

One useful fact did emerge from these studies. It

was noted that in certain granites there were zones in which

there was a marked increase in jointing intensity and that

occasionally the joints became so closely spaced it was
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impossible to tell their orientation from the photographs.
/ • . • ■ • ; J

Subsequent field work showed that where mineralised veins

occurred in the project area they were located within these

zones.

Fluvio-volcanic Series.

Since alluvial tin is concentrated in basal members of

this series their identification on air photographs could be
*■

economically valuable.

The series is formed of unconsolidated sediments and

weathered lavas, and outcrops are inX'ariably small. Complete

series occur characteristically as flat topped hills whilst

flat horizons at or near the ground surface mark the ironstone

horizon. The boundary of the ironstone is clearly marked by

a low serrated scarp where the ground slopes away from the

edges of these flat horizons with the slopes often covered with

ironstone slabs. Recognition can be difficult when erosion has

removed the ironstone capping leaving only the lowest horizons.

The remaining outcrop forms a smooth, low curving ridge or

hillock.

The series has a typical dull grey tone and smooth

surface, quite distinct from those of all other rock types

although old paddock dumps also have the tone and texture.

MacKay (19^+9) noted that remnants of this series could be

picked out on air photograpdis, even when buried, by their

lighter tones, vegetational differences and much less intense

cultivation due to the presence of laterite rubble. Several

of the occurrences he inferred were later proved by drilling.

Newer Basalts.

The air photographs show as a distinctive dark,

almost black tone, the flat flow surfaces of the younger
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basalts, the edges often being marked by low irregular

scarps. Where the edge of the flow is thin the margins;

cannot be recognised with certainty. Small basalt exposures

are found only at flow edges along river banks or in river

beds. They are characterised by flat upper surfaces and

vertical walls of black rock. ft is more usual to find !

basalt as black boulders on the flow surface, giving a

particular surface appearance where there are many, but too

small to be individually distinguishable on air photographs.

Unmistakable dark crescent-shaped hills usually surrounded by

flat lava plains (e.g. Vom) are formed by the volcanic vents.

Another characteristic of the lava flow is the almost

complete lack of drainage. Typically the stream follows the

margin of the flow with no tributaries from the basalt, only

from the surrounding landscape. A classic example is the

Ngell river channel which follows the east and north margins

of the Ngell basalt.

On the Plateau the lack of natural selectiveness of

vegetation makes it impossible to determine accurately the

underlying lithology from vegetational changes. However,

clear changes in land use pattern occur on the almost

undetectable boundary between basalt and older rocks.

Perceiving changes in land use pattern it proved easier and

more accurate to map the boundary of the Vom basalt on chc

aerial photographs than was possible on the ground.

Summary

On the 1:10,000 photographs it was found that areas

covered by basalt and sediments of the fluvio-volcanic series art

readily identifiable. Areas underlain by granite gneiss are

not so apparent but can sometimes be distinguished with



difficulty, although it is impossible to draw accurate

boundaries between this and other rock types, including others

from the basement. No distinction between the porphyritic

and muscovite granites of the basement could be drawn on the

photographs but only the porphyritic variety formed large

bouldery outcrops.

It was found possible with practise to distinguish

some differences between two Jurassic granites when they were

in contact. However, only with the Jos granite and sometimes

the Ngell can small isolated outcrops be identified as a

particular granite variant. Within these granites, individual

ore-bearing veins can rarely be identified from air photos

alone. However, potential areas of mineralised veins can be

located in some of the granites by field examination of the

areas which show an unusually close pattern of joints.



Geology of the Ngell Valley Area

Basement

The Basement igneous and metaraorphic granitic rocks

of the area include porphyritic hornblende-biotite granite,

fine-grained Muscovite granite and granite gneiss which has

been mapped by the Survey as a fine-grained granite. Out¬

crops are poor and except for the porphyritic granite largely

restricted to paddock floors.

The porphyritic granite is well exposed in the hills

to the west of Kafo Peak, (Fig. 13) » as a. largely homogeneous,

foliated granite with feldspar phenocrysts up to -t. 5 cm long

set in a dark coloured, medium grained matrix. It contains

two generations of feldspar; the large megacrysts, up to '4.5

cm in length, are randomly orientated whilst the smaller

crystals have a subparallel, approximately 350' orientation.

The smaller crystals may be an earlier phase of development

formed under regional stress whilst the later, larger crystals

which often show zoning, may have been formed after the stress

had been removed.

In thin section the large, subhedral phenocrysts are

oligoclase/andesine with minor amounts of microcline itiicro-

perthite set in a finer feldspar mass often displaying a

micrographic texture. The quartz occurs as a fine mosaic or

as large anhedral grains showing strain extinction. Biotite

and hornblende are abundant: both arc strongly pleochroic

and show strain cleavage. The biotite is pleochroic from

very dark brown to pale yellow brown and the hornblende from

dark olive green to pale yellow brown. The abundant hornblende

which is altered at the edges to biotite, contains laths of

feldspar and anhedral ilmenite. Sphene, zircon and apatite
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occur as accessory minerals with a few small epidote crystals

distributed in the fine-grained quartz. The ilmenite always

occurs witnin, or adjacent to, the ferrosiagnesian minerals.

To the east of the porphyritic older granite, the

rock type is still clearly granitic, but with a finer grain

size, and is composed of muscovite, biotite, quartz and

feldspar. The boundary between these two different types of

granites is not observed but examination of closely spaced

sub-basalt cores suggests that the boundary between the two

is probably fairly sharp. Petroiogically the muscovite

granite differs little from the porphyritic granite except

that muscovite is the predominant mica and hornblende is '

abs en t.

Part of the area mapped as fine-grained granite on

the 1:100,000 Geological Survey map is clearly a gneiss and

is petroiogically distinct from the granites. Sillimanite and

garnet bearing samples have been described by the geologists

of the Amalgamated Tin Mines (Nigeria) and the relationship

of this gneiss to the Basement granites has not been deter¬

mined and no boundaries have been located.

Jurassic Granites

Within the Jos-Bukux-u complex, MacLeod (1971)

differentiated 13 different intrusive phases which he separated

into an early granite cycle of eight phases and a central

granite cycle of five phases (Table 2). The granites were

preceded by rhyolites and pyroclastics. The main plutonic

cycle began with the emplacement of porphyries and hastingsite

biotite granite, generally in the form of discontinuous ring

dykes intruded into a major elliptical fracture zone. These

ring dykes were undoubtedly more extensive than present out-
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crops show. The first emplacements were followed by a series
I

of intrusions of biotite granite beginning with the extremely

coarse grained Jos granite, followed by successively finer-

grained varieties.

The recurrence of hastingsite fayalite granite

characterised the beginning of the second intrusive cycle and

it forms a broad, arcuate ring dyke. A series of medium to

fine grained biotite granites and microgranites succeeds ihi s

intrusion.

Within the project area only a very small exposure of

volcanics is seen and no porphyries occur, so the first of

the phases represented is hastingsite-biotite granite. The

sequence is:-

9. Microgranite

8. Sabon Gida North biotite granite

7. Sabon Gida South biotite granite

6. Bukuru biotite granite
Table 1.

5. Shen hastingsite-fayalite granite

b. Rayfield Gona biotite granite

3. Ngell biotite granite

2. Jos biotite granite

1. Voin hastingsite-bio tite granite.

It has long been noted that many of the biotite

granite types of the Jos-Bukuru complex are identical in hand

specimen and in thin section to granite types from the Ropp

complex. The sequence in both complexes as established by

MacLeod and Black in Bull. 32 is compared in Table 2.
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Table 2.

Jo^-Bukuru Complex

after MacLeod

Ropp Complex

after Black

14. Microgranite

12, 13 Sabon Gida granites

Bukuru biotite granite11.

10.

9.

8.

7.

6.

5.

4.

3.

Shen/Kuru hastingsite-
fayalite granite

Deli.mi biotite granite

Kuru stock biotite

granite

Rayfield Gona granite =

Ngell granite

Jos granite

Naraguta qu. pyroxene
-fayalite porphyry

Voin hastingsite-
biotite granite

13. Mongor granite porphyry
12. Kaskara biotite granite

11. Yelwa pyroxene granite
porphyry

10. Ruku riebeckite biotite

granite porphyry

9. Durowa albite riebeckite
granite

8. Butra riebeckite biotite

granite

7. Kassa biotite granite
6. Bukka Balcwai granite

5. Gana biotite granite

4. Kwoja granite

3. Sho porphyry and hastiug-
site biotite granite

It is the writer's opinion that the Jos-Bukxaru and

Ropp complexes probably form part of the same batbolith at

depth and that similar processes near the surface formed

comparable, though widely separated, rock types. Evidence

in support of this theory has come from satellite photography.
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On the ERTS photo of Central Nigeria, centred on

08.30E arid 10.00N the ring fracture, clearly evident between

the Shere Hills and Jos in the north of the complex, appears

to extend in an arc southwards. If the arc were continued

it would intersect the Ropp and Sha Kaleri complexes where

these two are adjacent (pig. 9)« It suggests therefore

that the Jos and Ropp complexes are part of the same major

batholith. If the two complexes do form part of the same

batholith at depth, the comparable succession of rock types

and identical granite variants is easily understood. Also

the similarity in abundance of tin and colurnbite and other

accessories (Williams e_t aA. , 1958) is obvious. ■

MacLeod divided the biotite granites within the

project area into 9 phases (Table l), and the writer agrees

that whilst at least nine types can be recognised by

variations in texture, grain size, feldspar type and

accessories, it is very often difficult to accept the precise

petrographic boundaries that are shown. There is often more

variation between samples of the same granite from different

areas than between samples of different granites. The

boundary between two different granite types may sometimes

be of hairline sharpness but a few kilometres away the same

boundary may be very diffuse - the Jos/Ngell boundary is a

good example of this phenomenon. Many of the boundaries

between granites also suggest a fairly sharp demarcation

but a transition zone up to several hundreds of metres in

width may occur. Mapping of the granites is complicated

in many crucial areas by lack of exposure.

To make comparisons easier it is proposed to describe

the different granites using the same names that MacLeod



39.

Fig 9 Structural features visible on ERTS satellite
photograph of central Nigeria

suggested batholith margin
— definite contact

apparent contact

proposed for them although different conclusions about the

relationship between these granites and their mineralisation

will be drawn.

The following tables briefly describe the essential

petrological features of the main granite types that occur

within the project area.



Table 3-

Biotite Granite Feld spar Mica Quartz Accessories

Ray field G-ona
(medium to fine
grained)

Ngell(medium
grained)

Microcline has been partially
replaced by albite or may form
micrographic intergrowths with
quartz. The lamellar perthitic
structure is only rarely pre¬
served and the microcline appears
as marginal rims surrounding a

predominantly albitic core con¬
taining small remnants of potash
feldspar. It appears that late
stage albitisation has destroyed
the original lamellar structure.
The albite is characterised by
fine twin lamellae of composition

Pale green to
colourless except
in the Bisichi
area where it

develops a brown¬
ish tinge

Clus tered
anhedral

glas sy

grains,
fine to

medium

grain size
1-2 mm.

Columbite
Thorit e

Xonotime

Hafnium-bearing
zircon

Cassiterite

approximately Ab^An^.
In the fjroject area large feld¬
spars impart a porphyritic
texture but to the north there

is a greater textural variation
and a greater degree of
albitisation. In the project
area range in size between 0.2
and 1 cm, set in a finer grained
groundmass. Described in Bull.
32 as orthoclase perthite but
many sections have well develojjed
albite crystals marginal to the
above and there is almost a

complete transition between
idealised Ngell and idealised
RayfieId Gona.

Biotite occurs as

large isolated
plates or as fine
dispersions within
the feldspars.
Dark greenish
brown to pale
green and occas¬

ionally contains
minute zircons
with pleochroic
haloes.

Composite
quartz forms
large
clus ters and
chains of

subhedral

crystals
between the

feldspars

Fluorit e,

commonly associate
with large biotite
flakes also as

irregular patches
i 11 feldspar,
columbite
zircon

ilmenite

Jos (Coarse
grained)

Coarse subhedral crystals of
orthoclase and microcline

microperthite 0.5-2 cm in size
considerable variation in

amount of plagioclase but
most perthites show a regular

Less abundant
than in later
granites it forms
clusters of ragged
plates which are
either dark green
or very dark
greenish brown and
is pleochroic to

As clusters
of coarse

anhedral

grains up to
1 cm in size,

Fluorite is common

varying from euhed
crystals 1 mm in s

in mica to larger
anhedral patches a
mica margins.

lamellar structure character¬
istic of exsolution. Occas¬
ional small crystals of
albite/oligoclase occur at
the margins of the perthites
and large subhedral crystals
of these are not uncommon.

straw yellow,
Pleochroic haloes
surround abundant
included zircons

Occasional allanite

intimately associate
with mica. Also
ilmenite magnetite
with hornblende

altered to zoisite
and chlorite.

Fergusonite, ferro-
hastingsite, leuco-
xene and zircon also
occur and rnonazite
has been recorded by
Williams e t al. ,

(1956) .



BiotiteGranite—
Feldspar

Table,4.Mica

Quartz

Accessories

SabonGida North (Tinegrained)
Microclinemicroperthitewith albite,eitherastrainsof interstitialcrystalsoras rimsaroundtheperthites.

Usuallypale green,commonly clustered,aggre¬ gatesupto1cm indruses.

Usuallyfine grainedand clustered. Occasionally large crystalsin peginatitic knots.

SabonGida South (finetomedium grained)

Albiteperthiteswitheuhedral albitecrystalsasdiscrete grainsmarginaltotheperth¬ itesandaschainsofinter¬ stitialcrystals1mminsize.
Darkbrownishor palegreenand mayshowwavy cleavage. Disseminated flakes1mmin size.

Compositc quartzform mediumsize clusters withchains orsmallto medium crystalsbe¬ tweenthe feIdspars.
Zircon

Bukuru (mediumgrained porphyrite)

Albite,largeeuhedralpheno- crystsoforthoclasemicro¬ perthitewithmicroclineset inafine-grainedgroundmass richinalbite.

Brownishwith greentopale greenpleochroism
Largeand distinctive aggregated grains

Zircon Anatase (Williamsetal., 1956) Columbite

p-

H
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Webb (197^) has recently suggested that the

Rayfield Gona granite was not an independent intrusion

but a roof facies of the Ngell granite. He noted that the

Ngell and Rayfield Gona phases pass transitionally and

complexly into each other. He showed petrographic evidence

which suggested that the Rayfield Gona was formed at the

expense of the Ngell by a process of jin situ modification

when the Ngell was completely or nearly solid. Hybrids

between the two i.e. relict Ngell feldspars, biotite or

quartz in a Rayfield Gona groundmass, represent incomplete

modification.

However, the Rayfield Gona and Ngell granites are

not the only two that form hybrids. Whereas previously

the formation of these hybrids has been attributed to

mechanical disintegration (Williams e_t aH., 1956) is

suggested here that there were not nine separate biotite

granites as MacLeod suggested (op cit) but only two major

intrusions of biotite granite. These two intrusions were

separated by an intrusion of hastingsite-fayalite granite

and there were a number of facies variants in each.

The first intrusion was very large and the early

crystallisation gave rise to the Jos facies which was

emplaced at a very high level into volcanics so that

crystallisation proceeded from the walJ s and the roof

(Fig. 10 a & b). At depth there remained a still liquid

portion more enriched in volatiles than the Jos facies

which then invaded the cooled apical portions and

crystallised more rapidly than the earlier facies (Fig. 10c).

During this crystallisation there was a progressive build up
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of residual fluids enriched in Th, Nb, etc. which modified
i

the roof zone of the Ngell fcicies to give the Rayfieldj Gona

facies (Fig. lOd) and probably the Kuru stock and Delimi

facies also. The granite of the Kuru stock is strikingly

. .....: __ - ...• ' 1 '.
I

Fig 10

Sketch diagram to illustrate the suggested mechanism of formation of the Jos,
Ngell and Rayfield - Gona facies.

l-j Basement j"y~| Volcanics | x | Jos facies 0 Ngell facies Rayf ield-Gona

similar petrographically to the Ngell but in addition it

contains a high columbite content and heavy mineral

assemblage similar to that found in the Rayfield Gona.



Also the Delimi granite shows microcline perthite with a

mottled replacement texture and abundant coarse lath albite

at perthite boundaries similar to the Rayfield Gona granite

in thin section.

During these modifications there is a gradual trans¬

formation in mineralogy. There appears to be a progressive

change from orthoclase rnicroperthite in Jos granite to
-w

microcline microperthite in Ngell with the gradual

destruction of perthite by albite in the Rayfield and Delimi

facies. Also there is a change from deep brown ferroan

siderophyllite in the Jos granite and deep brown or dark
I

green mica in the Ngell to a pale green or colourless

protolithionite in the Rayfield Gona and pale greenish

brown mica in the Delimi facies.

The second major biotite granite intrusion began

with the Bukuru facies followed by the Sabon Gl^s. north and

the Sabon Gida south facies and lastly by the Voni microgranit

which is a modification of the Sabon Gida south. Again the

same progressive changes of the earlier intrusion are

repeated. Orthoclase perthite forms large phenocrysts in

the Bukuru granite whereas the feldspar of the Sabon Gida

north granite is microcline with abundant lath albite. The

mica of the Bukuru granite is brown in contrast with that of

the later Sabon Gida facies in which they are greenish brown

in the Sabon Gida south facies and pale green in the Sabon

Gida north facies (Table 4).

The varying clarity of the boundaries between differ¬

ent granite facies can be explained by this hypothesis, arid

also why there is sometimes greater variation within one

granite (e.g. Rayfield Gona) than there is between supposedly
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different granites (e.g. Ngell and Kuru facies).

Examination of a number of 'shai-p' contacts within

the Bukuru/Ngell valley area has also shown that mineralogical.

the contact is not as sharp as the texture implies. In some

cases where there appears to be a decrease in grain size of

the younger facies against the older there is actually an

increase in the size of the biotite whereas the decrease in

grain size applies only to the feldspars. This gives the

rock the appearance of being finer-grained. Thin section

examination of the 'sharp' contact between the Rayfield Gona

and Ngell phases show that immediately adjacent to the

boundary the biotite in the Rayfield Gona shows the clustered

distribution of the Ngell phase and it is several centimetres

from the contact before the mica becomes more disseminated

and paler in colour.

Parallel to the northern limb of the Rayfield Gona

intrusion, MacLeod (op cit) describes a persistent shear zone

intruded by microgranites, which he relates to the intrusion

of the Rayfield Gona granite. However, in the region of the

twin hills loose boulders of Shen hastingsite-fayalite

granite were found and it is suggested here that the shear

zone is probably the result of the hastingsite-biotite granite

intrusion. If the arc of this intrusion which occurs fiirther

south, were projected, then it would in fact intersect the

twin hills where the loose boulders of hastingsite biotite

granite were found. Also, shearing has been noted within the

Rayfield Gona facies to the north of Yelwan Feranti village

(see 1:10,000 scale map).

The following section describes the distribution,



46.

photographic expression, mineralisation and joint directions
I

of each of the granite facies using the names designated

by MacLeod (1956) to avoid confusion. The numbering system

for the granites not only refers to the order of formation

but also relates to the numbering of the outcrops on the

|
1:10,000 scale accompanying map.

1. Vom hastingsite biotite granite

The Vom hastingsite-biotite granite ring-dyke is a

broad, arcuate intrusion defining the south-west perimeter of

the Jos-Bukuru complex (see Fig. 8). It has been covered in

part by the Vom and Ngell basalts and the largest exposures in

the project area is to the east of Kafo peak. North of the

Ngell basalt the.Geological Survey 1:100,000 sheet (1971)

shows that the continuation of the ring-dyke bifurcates.

From this it is inferred that the two small dykes merge below

the basalt to form the one dyke that is observed south of the

basalt. However, there is no field evidence to support the

continuation of the more easterly of the two dykes south of

the Ngell river and drilling by ATMN has not located this

second dyke either within the basement or beneath the basalt.

The western dyke has been cored by sub-basalt plugs at a depth

below surface of 4l.8 - 39*3 metres whereas the basement is

cored at depths of greater than 42.5 m.

The boundary between the ring-dyke and the basement is

nowhere observed as is suggested by the solid line of the

survey.

Numerous thin ( <5mm) black veins cut the ring-dyke

trending either north-northeast or, more commonly, varying

between east-northeast and east-southeast. Originally they

were considered by the writer to be mylonite veins but thin



sections show them to be black greisen veinlets. These
I

are analagous to the mineralised greisens described by heir

(197^) cutting the Sho granite porphyry ring-dyke of the

Ropp complex.

An analysis of the hastingsite appears in Appendix 3.

2. Jos biotite granite

The Jos granite outcrops in a broad, discontinuous

east-west band along the northern margin of the px-oject area.

2
and covers h km . It is the only granite that is immediately

recognisable throughout the complex on account of its pink

colour and extremely coarse grain size. It displays little

variation in texture over its entire extent. The feldspars

range between 0.5 cm and 2.0 cm in length and the quartz is

aggregated in clusters up to 1 cm long. The biotite forms

large plates and coarse clusters. I/hole rock analyses appear

in Appendix

The Jos granite, the largest intrusion in the whole

Jurassic granite province, has equivalents in many of the

other complexes and the Kwop granite of the Ropp complex is

indistinguishable fi'om the Jos granite. In all these complexe

the very coarse-grained granite is always the earliest phase

of the biotite granite intrusions and contains only low

quantities of dispersed columbite. Only rarely are mineral¬

ised veins found and then they are restricted to the contacts

with the earlier intrusives or the basement. The area that

these different coarse-grained granites cover in the different

complexes depends on the degree of erosion.

On aerial photographs, although it only covers a small

proportion of the project area, the Jos granite is quite

distinctive. It has a prominent regular open joint system

with two equally developed joint sets, one east-west and the
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other at 3^0°-360°, ac companied by horizontal sheeting;in

weathered outcrops. This produces 'towers of perched !
boulders' which have a constant colour and texture on the

photographs and are therefore quite distinctive. Even on

relatively unjointed surfaces there are invariable smaller

piles of boulders and the Jos granite can be identified from

the photographs even on small isolated outcrops. Minor joint

sets orientated east-northeast and west-northwest are also

common.

The contact between the Jos and Ngell facies is best

seen outside the project area north of the new road to the Jos

township reservoir where the contact can be followed for

nearly 5 km. It dips northwards at a low angle whereas in the

hills south of the Vora volcano the contact dips south between

20° and 30°» In the project area the contact is either

poorly exposed or complicated by microgranites or large scale

xenolith inclusions. In one area north of Yelwan Feranti the

contact between the Jos and Rayfield-Gona granite was more

obvious on the aerial photographs than it was on the ground.

3. Ngell granite

The Ngell granite covers the largest area of any of

the granites within the project area and occurs in two broad

continuous east-west bands, one to the north and one to the

south of Bukuru with an area of 32 km . Despite the fact

that in thin section there is sometimes little distinction

between the Jos facies the Ngell granite is finer grained,

less equigranular and consistent in texture.

On air photographs it can be a distinctive granite

unit, darker grey in colour than tire Jos granite with a more

mottled appearance. Although - like the Jos facies - the

dominant joint direction is also east-west, combined with
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secondary less persistent sets trending north-northwest and

north-northeast,it does not have the prominent horizontal

joints of the Jos granite and so a 'chimney stack' type of

weathering is characteristic. Because it appears the darkest

grey of all the granites on air photographs and because of the
i

weathering pattern it is possible to recognise fairly small

isolated outcrops on the photos. Contacts with some rock

types, particularly the Rayfield-Gona granite are impossible

to draw accurately on the photographs.

The Ngell weathers to rough boulder stnevn hills which

in the case of the Ngell peak rise 100 metres above the

surrounding terrain. It is well exposed on Ngell peak at

locality 9> where it includes several micro-granites. These

trend 220° and the broadest is l4 cm wide.

The contact between the Jos and Ngell facies has been

discussed in part previously. Near the contact with the Jos

granite there is commonly a zone in the Ngell granite in which

pegmatites, quartz knots and veins and microgranites are

extensively developed. It is a highly irregular contact and

there is a complex intermingling of microgranites and

porphyritic facies with xenoliths of the Jos granite. Some¬

times this variable contact zone is absent and normal textured

Ngell facies, with a narrow chilled margin, is in contact with

unaltered Jos granite. Microgranite development is variable.

Where this occurs it is invariably associated with pegmatites

and thin veins of quartz. In some xenoliths the microgranite

can be seen penetrating along crystal boundaries. South of

Sabon Gida, at locality ^>3, a roof feature of the Ngell granite

can be observed where the basement is cut by dykes of Ngell

granite. The Ngell granite dykes are very altered, bright red
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in colour with rounded quartz grains set in a hard haematite

groundmass and may be accompanied by quartz veins at the

margin. Associated quartz-veining is abundant along noi~th-

south joint planes and numerous sinuous stringers of aplite

and microgranite also occur. Occasionally the quartz veins

widen out to give drusy cavities filled with large quartz

crystals, but more commonly the veins are narrow and show a

comb texture. The explanation for this area is not entirely

clear since these basement hills cut by Ngell dykes are

surrounded on all sides, at the same topographic level, by

typical unaltered Ngell granite. It is presumed to be a

feature of a highly irregular, undulating roof. j

There is a marked variation in the Ngell granite

throughout the complex. North of Jos airport, outside the

project area, it is a medium-grained equigranular granite,

pinkish red in colour, whilst in the project area it is

commonly almost coarse-grained with large feldspars which giv

a porphyritic texture to the rock and make it more pink than

red in colour. In its porphyritic form it is unmistakable

but the finer grained varieties can be confused with other

biotite granites of the complex. Like the Jos granite the

medium to coarse-grained Ngell has its equivalents in many

other complexes, particularly the Gana biotite granite in the

Ropp complex, from which it is indistinguishable in hand

specimen and thin section.

The Ngell granite is probably the most important

granite economically within the Jos-Bukuru complex. It

contains small quantities of primary cassiterite and eolumbit

and also contains ilmenite and zircon. Although not as rich

in accessory cassiterite and columbite as the Rayfield Gona
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due to its much larger surface area. The Ngell granite and

Sabon Gida south facies contain the most ore-mineralised veins

within the complex and numerous small greisen veinlets occur

in addition to the massive veins described later. They

commonly follow the east-west joint set although any of the

joint sets may have thin, discontinuous veinlets and mineral¬

ised veins. Many of the joints show reddening without any

further alteration or mineralisation.

b. Rayfield-Gona biotite" granite

The Rayfield-Gona granite which is phase k on the
2.

1:10,000 scale map covers approximately 5 km in the north of

the project area and extends south-wards beyond it in a broad

semicircle (Fig. 8). On aerial photographs it is difficult

tc distinguish where exposed - it is very light in colour

and of even tone and it passes transitionally into Ngell and

Jos granites. Jointing is close and irregular and the granite

usually weathers to low outcrops of white boulders.

Type specimens show a distinctive sacchroidal appear¬

ance, fine to medium grain size with clustered glassy quartz

grains and fine grained pale brown or green to white mica

which is evenly distributed. However, the granite as mapped

by MacLeod may vary from an undecomposed medium-grained

variant, almost indistinguishable from Ngell granite in hand

specimen to a very weathered granite which is a very soft clay.

Of all the granite types it is the most enriched in columbite

although the Nb„0_ content may vary from 150 ppm for much of
— d

the granite to 0.27 per cent locally. High columbite values

are associated with thorite, Ilf-rich zircon and xenotime.

The coarser variations of the granite show NgelJ
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inicroperthite and clustered pale brown biotite with very

little evidence of albitisation. iven in a fresh sample the

K constituent of the perthites shows extensive alteration and

the typical cross-hatched twinning of the microcline is only

rarely seen. This alteration is thought to be of deuteric

origin rather than as a result of weathering. The albite

component does not exceed that of inicrocline and so samples

show the extensive albitisation of the albite riebeckite

granites.

In the area of the twin hills, east of Danbagarmi,

at locality 20 a sharp contact can be seen between fine¬

grained Rayfield-Gona type and a coarse grained Jos. Here

the Rayfield Gona appears to form a low dipping sheet, but

elsewhere there is a complex transition between the two

granite variants.

In both the Rayfield and Passa Kai areas which are

outside the project area (Fig. 8) the granite has been

decomposed to the consistency of clay. Kaolinite veins are

numerous but patchy in distribution. It is thought that all

these are supergene in origin. The intensity of decomposition

at these localities precludes a precise petrographic study and

chemical variations throughout the granite are bound to occur.

Analyses from MacLeod et al. , (1971) are shown in Appendix k.

Both these areas although outside the project area

were considered necessary for study on account of their

economic importance. In the Passa Kai area the granite has

been cut by pegmatite veins with coarse quartz and green mica.

After a period of faulting and basic dyke intrusion, quartz

veins either in massive form or showing comb texture were
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intruded along basic dykes and pegmatites, along joint planes,

or formed irregularly shaped and variable sized knots. The

joints are often lined with kaolinite. In the Rayfield area,

the sequence of events is similar but two phases of pegmatite

formations can be distinguished. The first consists of

albitites which are less than 30 cm wide with sinuous

irregular junctions whilst the later microcline pegmatites in

contrast hcive sharp straight contacts and can be traced for a

greater distance along an east-west strike. Arnazonite is

abundant in these and the occasional genthelvite crystal may

be seen - microlite has also been recorded.

Basic dykes are more numerous in the Rayfield area

than in the Passa Kai region and vary in size from 1 cm to

230 cm. They have all been completely kaolinised and heavily

lateritised.

There is a very large variation in columbite content

even within these two areas and the analyses of 50 samples

varied from less than 30 pprn to over 2200 ppm Nb^O^ (Appendix
9). High columbite content coincides with high thorite

content but there was no correlation between high columbite and

SnO^ content which proved generally less than 50 ppni in the
Passa Kai area and between 100 and 150 in the Harwell area

where Nb?Or content was lower. However, in the Passa Kai

samples that had very high Nb^O^ values there were also higher
than average values of SnO^. These high values were restricted
to a single zone in one paddock. Possibly part of this SnO£
is not in the form of cassiterite but is found within the

columbite. It does seem likely however, that this zone of

high tin values may bo due to greisenisation.

The columbito-rich material is believed to be a
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modified roof zone of a biotite granite and evidence for J
this is found in the Passa Kai area. In one of the paddocks

- PCP 10 - downfaulting of purple and black decomposed

basement is clearly observed in the paddock floor, the fault

plane on the east side has been lined with kaolinite and

shows slickensiding. In the vertical north paddock wall

between these two faults the white granite can be seen in

the overlying basement as sills and irregularly branching

dykes feathering out upwards into small white veinlets cutting

the dark coloured basement. Further east in the Bisichi area

in one paddock - ML 16020 - which is predominantly basement,

the white albitised granite occurs as a series of irregular

branching dykes and veinlets. Good columbite values have

occurred sporadically through these dykes. The Geological

Survey 1:10,000 sheet has clearly oversimplified the broad

arc of Rayfield-Gona granite which extends discontinuously

from Passa Kai to Bisichi and Rayfield - it is too broad in

the south and the complex intermingling of the granite with

the basement is not suggested.

To the north of Yelwan Feranti a band of mylonite

approximately 1 m wide cuts the Rayfield Gona facies and minor

cassiterite mineralisation is also related to the fracture.

The mylonite does not seem persistent and is not well exposed

partly because it appears to have been worked for its

cassiterite content. It trends parallel to a dyke in the

north of Rayfield Gona facies cutting the Jos facies.

5, Shen hastingsite fayalite granite

There are no iui situ outcrops of this granite in the

project area although several boulders have been found by the
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writer and Dr. Turner in the region of the twin hills norjth
of the Ngell river bridge on the Jos-Bukuru road, at locaility

20. A sample has been found west of the road and to the north

of the twin hills in the region of locality 22. The main

exposure of this rock type occurs several kilometres to the

south and south-east (fig. 8) where it occurs in an arc of

180°. It is envisaged that the ring fractures into which

the hastingsite fayalite granite was intruded extend discontiri-

uously into the project area - if the arc described by the

intrusion is traced northwards then, it intersects the Rayfield/

Jos phases in the area of the twin hills.

The rock is dark green in hand specimen when fresh and

has a medium grain- size, not to be confused with the dark green

fine variant found locally at the Jos/Rayfield contact.

6. Bukuru biotite granite

The Bukuru granite has a rather triangular shaped

exposure within the project area, covering an area of
2

approximately 12 km and centred on the township of Bukuru

where good exposures are to be found. It contains numerous

•pendants' of the Ngell granite, mainly to the east of the

project area.

On aerial photographs it has a similar appearance to

the Sabon Gida granites and the contact with these is not

usually apparent on the photographs partly because of the

similarities and partly because of lack of exposure. The

contact between the Ngell and Bukuru granite can be seen

clearly at locality 8 to the north of the Bukuru/jos and

Bukuru/Rayfield road junction. Where exposed the contact with

the Ngell granite is of hairline sharpness, steeply dipping,



56.

and is much more precise than any of the other interphase

contacts in the complex. The contact between the Bukuru

and Sabon Gida north granite is well exposed at locality 86

south west of the ATMN mill. Elsewhere the contact is too

poorly exposed for it to be apparent on the aerial photo¬

graphs .

The Bukuru granite is closely jointed, particularly
-w

in microgranite areas and it weathers to low bouldery hills

except where it is in contact with the more resistant Ngell.

The Bukuru granite is very variable in texture and

sometimes may resemble the Ngell granite quite closely, so,

that where the outcrop is very decomposed it may be difficult

to distinguish the two. However, the large coarse clustered

quartz grains of the Bukuru granite locally prove a useful

mapping aid. The quartz clusters are more resistant to erosion

than the other minerals and on weathered rock surfaces they

stand out in relief as trains of crystals up to 1 cm long.

The Bukuru granite varies from an inequigranular,

fine-grained granite to a medium-grained porphyritic rock with

large euhedral feldspar phenocrysts. Microgranites are common

but lack of exposure prevents them being mapped separately.

They are best seen at location b near the tennis court in

Bukuru.

Unlike many of the other granite variants the Bukuru

granite has no direct equivalent in the F.opp complex.

Columbite occurs as an accessory and except for the

Rayfield-Gona granite is the richest in accessory columbite

in the whole complex. A few mineralised veins were located

in this granite type but none were persistent ox' more than a

few centimetres wide and do not warrant separate descriptions.
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7. Sabon Gida south biotite granite

This granite is exposed entirely within the project

2
area. It covers an area of approximately 13 km between

Bukuru and Sabon Gida and is well exposed around the mining

camp at Sabon Gida. It is a medium-grained biotite granite

and although the feldspars are larger than the quartz and

biotite it does not have a striking porphyritic appearance.

Mineralised veins are numerous throughout the whole of

this granite. Unmineralised siliceous greisens are extensively

developed south and east of Sabon Gida camp and may exceed

300 metres in length. The largest of these is apparent on

I
the aerial photographs. Ore mineral!sed-raicaceous veins

are also common but these-are on a much smaller scale

appearing as narrow parallel bands a few centimetres in width.

Both types are well exposed and abundant south of the Bukuru/

Sabon Gida road 2 km south-west of Bukuru at locality 64.

Although in general these veins are too small to pick

out on the photographs mineralised areas can be recognised by

the extremely close joint sets that invariably appear in

extensively vein-mineralised areas. This particular locality

shows such an intensity of jointing that on the aerial photo¬

graphs it is impossible to determine the directions. More

generally the Sabon Gida south granite is not a distinctive

granite on the photographs. Like the Bukuru granite it has a

medium grey tone and similar texture. However, the boundary

with the Ngell granite can be drawn approximately and part of

the contact with the Sabon Gida north granite can be distin¬

guished on the photographs too. The circular outcrop of Sabon

Gida north granite within the Sabon Gida south granite, immed¬

iately to the north-east of Sabon Gida mining camp, is as
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apparent on the air photots as it is on the ground.

8. Sabon Gida north biotite granite

The Sabon Gida north biotite granite is also exposed

2
in its entirety within the project area covering 7 krn . It

forms a small arc extending from the Bukuru/Voa road junction

where it is poorly exposed, through Gyel villa.ge towards the

Ngell basalt. It is usually difficult to distinguish on

aerial photographs and can only be identified in those

exposures where it is in contact with the Sabon Gida south

granite.

The Sabon Gida north granite is finer grained than

the Sabon Gida south granite with phenocrysts of pink micro-

cline. Whereas in the latter the albitic component of the

perthites is slightly lower than microcline the reverse is

true in the Sabon Gida north granite. Unlike virtually all

the other granites, zircon docs not seem to be an accessory.

A few mineralised veins are associated with this

granite facies, the raost notable being the two parallel veins

at locality 118 described later. However, towards the south¬

west occasional quartz veins may locally contain one or two

tiny cassiterite crystals.

The contact with the Ngell is clearly exposed in the

Ngell river and in t\vro north-flowing tributaries. It shows a

variable but gentle nortlward dip. East of Gyel village ther

is a sharp steeply dipping contact with the Bukuru facies.

The contact with the Sabon Gida south facies is extremely

sharp but the attitude is valuable and ranges from horizontal

to sub-vertical.
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Microgranites occur in two areas covered by the

project. The North Vom microgranite forms a prominent hill

3 km north of the Vom volcano and is surrounded by the Vom

basalt. It is a fine-grained biotite granite with a grain

size <1 mm except for occasional feldspar rich zones with

crystals up to 8 mm in size. At location 25 > prominent

gullies follow the main joint directions which vary between

west-southwest/west-northwest and the granite walls within

these gullies show well-developed .exfoliated weathering

s ur faces.
i

At location 3^ > to the north of the right angle bend

on the Vom-Miango road the granite is less well jointed.

Near the boundary with the porphyritic basement granite,

quartz-feldspar knots, veinlets and stringers which pinch

and swell, are common. Whilst farther east, thin mineralised

veins with reddened margins, trend either north-south or

northwes t-southeas t.

The granite is unlike any of the others within the

project area and MacLeod (1956) has suggested that it is

possibly related to the later granites of the Ganawuri coniple

to the south-west.

In contrast, the Vom road microgranite which occurs

to the south of No. 5 dam and on the edge of the Vom basalt,

is similar to the Sabon Gida north granite although it is

finer grained. It is thought therefore that it has been
(

intruded at the same time as the Sabon Gida group of granites

Abundant cavities are filled with large, poorly terminated

quartz crystals intermeshed with a few v/ell formed ones and

the ground between the exposures is littered with quartz
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Acid and Basic dykes !

Apart from the abundant microgranitic dykes assoc¬

iated with the various phases of granite emplacement there

are numerous acid and basic tholeiitic dykes which are

believed to represent the closing stages of magmatic activity,

Usually these are less than 50 cm thick and cannot be traced

far. They appear to have followed dominant joint directions
v

closely, the general trend appearing to lie between north¬

west and north-east.

The largest of these dykes cuts the Ngell granite

south of Barakin Sabon Gida. It is 9 metres wide, trends

330°, can be traced for almost a kilometre and is clearly

seen on the aerial photographs. It is of superior resistance

to the granite and for part of its length appears as a low

discontinuous ridge. In hand specimen the dyke rock is

black, extremely fine-grained and pyritous. Small fragments

of unaltered Ngell facies have been included. In thin

section the dyke rock is seen to be composed essentially of

microcline, oligoclase and quartz with a heavily decomposed

ferromagnesian mineral and accessory pyrite. Despite the

field indication of dolerite the dyke rock is microsyenite

and it seems likely that many of the dark coloured dykes,

previously mapped as dolerite may be microsyenitic in

character. This is the first observation of syenite on the

central Plateau.

Some of the thin dykes which have been heavily

decomposed, show structures and texture more suggestive of an

original doleritic composition. In the Tuke gulley, south

of Daribagartni, the dark-brownish faulted dyke shows columnar



jointing and amygdalo.idal cavities.

Thin quartz veins are common in every phase of;the

granites and although some may be traced over a distance of

a hundred metres they have not generally been mapped because

of their abundance and narrow width. However, the quartz

dyke which occurs in the hills to the north of Gona village

locally attains a width of 15 metres and can be traced along

its strike for 33 metres. The quartz veins may be composed

of inilky quartz or of crystals which form a comb textured

vein.

Mineralised veins in the Buku.ru area

Altered granite, including mineralised replacement

veins, has been studied at ten localities in the Bukuru area

(Fig. 8). Although several of these lie outside the project

area they have been included below because they occur in the

same granite types as those within the project area. The

mineralised veins which include greisens, show a wide variat¬

ion in composition depending on the presence or absence of

chlorite, fluorite, green mica, and topaz, and varying quartz

content. The term greisen is used by the writer specifically

to describe a rock which is formed in one particular phase of

mineralisation and which consists of quartz, Li-rich mica, wit!

accessory topaz and a little fluorite. The greisens and other

mineralised veins may also contain cassiterite, sphalerite,

chalcopyrite, galena or molybdenite. In contrast, the altered

granite contains feldspars which show a varying degree of

alteration to white mica and topaz and may also contain a

variety of ore minerals.

The veins and greisens are formed by hydrothermal

metasomatism and are restricted in the Bukuru area to biotite

granites, but examples have been found elsewhere in virtually
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all rock types from basement to voIconics.
■4

At Anglo-Jos, north of the Nigerian Department of

Agriculture office on the Anglo-Jos/Miango road, cassiterite
*

bearing altered granite was once worked as a payable propos¬

ition. The mineralised body trends 280° and cannot be

traced for more than 30 metres. Although the replacement

vein is rather weathered, it appears to have a porphyritic

texture with large quartz grains. It is medium grained,.
r

greenish grey, rich in chalcopyrite and sphalerite, with

malachite and azurite on all the weathered surfaces. The

¥■ '

host Ngell granite has been very reddened near the vein

contact. In thin section perfect chalcopyrite cubes 0.1' mm

in size, are seen exsolved along cleavage traces in sphalerite.

Pyrite, cassiterite and chalcopyrite are also distributed in

the more quartzose areas of the altered granite. Sericite

is seen replacing mottled feldspar although some quite fresh

feldspars still remain zoned mica flakes are common.

At Gyantagere Quarry at mile 5 on the Jos-Bukuru road,

both Pvayfield Gona and Ngell granite can be seen. Siliceous

replacement veins can be found in the Rayfield Gona granite

and in hand specimen appear to be composed almost entirely

of quartz with scattered flakes of reddish brown mica,

occasional specks of chalcopyrite, and tiny brownish black

crystals of sphalerite only 1 mm in size. Locally molybdenite

is abundant. In thin section the veins are shown to be

composed either of quartz and chlorite with a little fluorite,

or of quartz and brown biotite with deep red sphalerite,

haematite and chalcopyrite. In both types the recrystallised

quartz may be very large, some grains being in excess of 3 n®,

large in comparison with most of the Nigerian mineralised veins
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Photograph 1 shows the fine-grained quartz, chlorite,
fluorite replacement vein near Danbagarmi, with the late
quartz vein, centrally placed. Marginal quartz veins
(not shown in the picture) also occur.

Photograph 2 There is a sharp contact between the dark
fine-grained replacement vein, shown above, and silicified,
reddened granite.
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South of this quarry, thin black vertical mineralised

veins with a little reddening of the Ngell granite host jrock
are seen at locality B5«

North of Danbagarmi, and south of the above veins, a

3 metre wide, fine grained, black mineralised vein trends 20^1°.

(See Photos 1 and 2). The zone of reddened Jos granite varies

from 2 cm to 8 cm in width. Marginal quartz veins with a

fine comb structure are only about 2 cm wide. Irregularly
•v

shaped, relatively unaltered xenoliths of Jos granite occur

within the fine-grained vein. A thin section shows this vein

to be composed essentially of quartz and chloritised mica with

occasional topaz grains and sligTvtly more fluorite which

becomes purple in patches. Monazite is a common accessory.

In the Ngbll granite boulders to the west of the Gyel

Commercial College, Bukuru, thin dark coloured replacement

veins can be seen near the contact with the Bukuru granite.

The veins follow two directions, both related to joints. The

major set has a 270° trend whilst a minor set is orientated

at 288°. A zone of reddening surrounds these veins, extending

from 2-3 cm from the narrower veins to 5-8 cm from the broader

ones. In thin section the veins are seen to be composed of

quartz, altered feldspar, brown mica and chlorite with

accessory fluorite, topaz and zircon. The quartz is marginal

to the vein and the biotite is concentrated towards the centre.

The accessory minerals are interspersed between the quartz.

To the north of the Ngell river bridge on the Bukuru-

Yelwan Feranti road, Ngell granite has been altered. At

locality 71 quartz veins 1 cm wide and a mineralised vein 30

cm wide trend 310°. The mineralised replacement vein is

composed of several milky quartz veins 1 cm thick with



porphyritic green replacement veins between. A similar green,

o
unhanded vein - approximately 10 cm thick trends 220 . j In

thin section the green replacement vein consists of large

quartz up to 3 mm in size set in a fine-grained groundmass

of sericite and topaz. Large patches of fluor.ite are

irregularly distributed between large quartz grains, and
i

small rounded cassiterite crystals, generally <0,1 mm in size

occur in quartz and in the few large mica flakes.
<v

South-west of Bukuru, along the Sabon Gida road, two

large parallel mineralised veins, approximately 20 metres

apart are found at locality 118 in the Sabon Gida north

granite near the contact with the Bukuru granite. Both veins

appear vertical, have strong perpendicular joints and poor

cross joints. Both appear to die out rapidly. The one

to the south can be traced for 30 metres along its 2^0°
strike and at its maximum is about 2.\ metres wide. It is

very siliceous, white or grey in colour and appears to have

had a central micaceous band approximately 6 cm wide, which

has now decomposed on the surface to a soft earthy brown

material. The vein contains abundant fine-grained galena

and a little disseminated sphalerite. In thin section the

quartz appears as large recrystallised grains. Turbid areas

of very fine-grained sericite or greenish brown mica appear

to have replaced feldspar. The original brown mica of the

granite has been chloritised. The sphalerite is yellow in

colour and has tiny chalcopyrite blebs along cleavage traces,

the angular galena fragments being randomly distributed.

Accessory apatite forms small six-sided prismatic crystals in

the quartz.

The vein to the north has the same 2h0° strike arid

can be traced for nearly 50 metres. It is 3•7 metres wide
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at maximum and does not have any apparent micaceous bands.

It is more variable in colour than the southern vein,

varying from white to green with no regular pattern of

colour distribution. It is also very siliceous and contains

abundant galena with sphalerite and traces of chalcopyrite.
'

Thin sections show the feldspar has all been replaced by

an extremely fine aggregate of chlorite with some topaz,

quartz and fluorite. The fluorite is also seen as larger

patches between quartz grains. The difference between white

and green varieties of mineralised vein appears to be due to

the degree of chloritisation.

Vest-southwest of these two veins albitised Sabon

Gida south granite is extensively greisenised, a feature

which is apparent from the aerial photograjjhs. A series of

thin greisens trend 320° and in the face of one small mining

pit five of these vertical greisens, the widest of which is

5 cm thick, are exposed over a width of cm. The inter¬

vening granite has been reddened and decomposed and is a

very soft material, reminiscent of the columbite rich,

albitised Rayfield-Gona granite from the Harwell area. Two

conjugate sets of greisens are orientated north-south and

east-west along the major joint sets and where the greisens

are most numerous the spacing of the joint sets is correspon

ingly much denser than elsewhere. The east-west set is

predominant and possibly earlier than the minor north-south

set which at one locality can be seen displacing the east-

west set. Local miners have dug numerous trenches through

the lateritised surface to expose the underlying greisens.

Two hundred metres south of the Kirana hedge in the rubbly



66.

rock exposure near the stream, a greisen 60 cm wide trends

2^0°. It is separated from several centimetres of reddened

wall rock on one margin by a 3^ cm wide quartz-protoli thio-

nite 'pegmatite' whilst the other margin is characterised

by a comb textured quartz vein 15 cm wide (Fig. ll).

Cross - sect ion of greisen at

Locality 64

qu. mica pegmatite
* -v / /

- ' P

greisen

" V.it ,\

altered granite

Sea I e

1 metre

crystalline quartz
e' *, v .

•_ x /N

5,' n 3' t e r e d granite

Longitudinal Sections Loc 64H

IIIIIH111U111ITTTTTT

Scale
5 cm

Pig. 11.

In thin section the greisen is seen to consist main!

of large, interlocking quartz. Pale green prot.olithionite

replaces original brown biotite whilst colourless sericite

mica formed by the breakdown of feldspar forms either a

mosaic of tiny flakes with topaz or larger flakes surroundrl or1

by quartz. Topaz is abundant and occurs both as anhedral

patches interstitial to quartz or as an extremely fine-
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Photograjih 3 shows an east-west trending, quartz mica
pegmatitic vein cutting Sabon Gida south biotite granite,
The granite has been albitised and is rather soft and
decomposed. In the veins the quartz is centrally placed,
with sheaves of mica occurring marginally. Occasionally the
veins bifurcate and include fragments of altered and reddened
granite.
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grained mosaic with or without mica, which is probably

feldspar replacement. Small cassiterite grains occur and

zircon surrounded by pleochroic haloes is common in the

large mica flakes.

Immediately to the north of this locality a whole

series of east-west trending quartz mica pegmatitic veins

is well exposed and locally four of these veins occur

within 120 cm. Maximum width of these bands is 2 cm. The-

veins enclose angular fragments of altered and reddened granite

The mica in these veins is white in colour and has grown in

a peculiar sheaf-like pattern. Compositionaily, it has been

shown to be protolithionite - (Fig. 24). (Pho to 3).

To the north-east of Sabon Gida mining camp a massive

siliceous vein trends east-west and can be traced westwards

for over 800 metres. It is being mined for cassiterite at

several points along the strike and fresh rock can be obtained

from the small pits. In hand specimen the rock appears to be

vesicular quartz with a greenish yellow chlorite infilling in

the interstices. In thin section a few tiny cassiterite

crystals <0.01 mm in size are accompanied by several very

pale green to colourless mica flakes but the rock is 99^

quartz, no chlorite being seen in thin section. It has been

identified by XRD.

To the north of a small village on the Vom-Bukuru road

at mining lease peg 14008 greisenised Sabon Gida south granite

forms a low outcrop which is largely loose boulders. The

dark grey quartz rich greisen is orientated north-south.

In hand specimen, clustered quartz grains 1 mm in size are

observed set in a fine-grained dark grey micaceous groundmass.

In thin section the greisenised granite shows abundant
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feldspar, partially replaced by mica and topaz, whereas

in the greisen, feldspar has been completely replaced by

a mosaic of fine-grained mica and topaz. In a few of the

large mica flakes the brown mica is partly replaced by

green.

Tertiary Fluvio-Volcanic Series

Although as the 1:10,000 map indicates there are

several remnant mounds of this sedimentary series exposed,

the best cross-section of the series occurs about l-g- km

north of Bukuru on the Rayfield road, where two small,

rounded hills, reddish brown in colour and covered in

gravel, have been pitted by local tin workers.

The fluviatile sedimentary rocks, which were

probably deposited by a large, braided river, are horizontal

and rest on rotten granite of Rayfield Gona type. The

basal sandstone represents a high energy environment

followed by a lower energy phase of sedimentation when the

mudstone was deposited. Renewal of deposition in a high

energy environment resulted in the formation of the

conglomeratic sandstone.

Fig. 12
Diagrammatic Section Across Two Sedimentary Hills
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e succession at this locality is at least 4.5 metres

ick and is as follows:-

Red conglomerate and laterite.

Conglomeratic red sandstone,

cm Yellow-green mudstone, weathering to

red with ironstone bands about 1 mm

' I

thick.

Ironstone band, either within or at

base of mudstone.

cm. Basal red sandstone.

The reddish brown sandstone, which has been deposited

on an undulating weathered granite surface, is poorly

sorted, poorly bedded and has been indurated by a mixture

of iron oxides and well consolidated clayey material.

It is obviously very cassiterite rich and has been

excavated by local tin workers for a distance of several

feet beneath the overlying sediments.

The hard undulating ironstone horizon probably represents

the old water table level at which the iron leached from

the superposed material was redeposited.

The mudstone is very variable in colour from yellow, grey

and green to red, pink and white, often with definite

bands of colour- the colouration being due to iron

staining. Several ironstone bands are contained within

this well indurated mudstone.

The conglomeratic red sandstone contains poorly sorted

angular and subangular quartz grains dispersed in a

coarse sand matrix and reddish clay. It is poorly bedded,

loosely consolidated material and grades upwards into a

hard brown crust of laterite.

5.

4.

3. 60-100

2. 1 cm.

1. 75-100
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5. Occurring at the same horizon at the surface are

patches of red conglomerate and dark reddish brown j

laterite, locally grading into each other. The

conglomerate consists of pebbles of lateritised sand¬

stone and ironstone, quartz fragments and laterite

pebbles, which have been cemented by iron oxide. The

laterite is spongy and dark brown on the hillside and

more massive and reddish brown on the hill top. It

seems likely that these sediments have formed as a

result of deposition in streams cutting into the under¬

lying conglomeratic red sandstone.

Quaternary Sediments

In the Sabon Gida-Ngell area a sedimentary sequence

up to 35 m thick underlies Ngell basalt which is almost

certainly less than 1 my old. The nature of these sediments

can be clearly seen in the steep quarry-like faces of the

deep paddocks. Further information on the sediments comes

from the sub-basalt cores which ATMN have taken during

prospecting.

The pattern of sediments is complex: it is known

that the Ngell basalt covers the valleys of the ancient

Ngell and Rafin Bauna streams so there is a range of gravels,

sands and muds associated with a complex and shifting braided

drainage system. The sedimentary sequence is variable as

would be expected in this type of environment since coarse

and fine sediments can be deposited at the same time in

different parts of the braided river bed. Also Leopold and

Volman (1957) noted that in a short length of stream showing

both meanders and braids the braided reach had coarser

sediments on the bed than on the meandering reach showing



the same discharge. Naidu and Borreswara (1965) show that

the material deposited in a channel may change its shape.

High silt/clay ratios increase the degree of sinuosity of

the river course and decrease in sinuosity takes place as

a result of coarsening of the load.

At the base of the sedimentary sequence there is a

coarse gravel or cobble horizon which is termed 'wash' by

the miners. Xt is with this horizon that the bulk of the

cassiterite is associated although some re-working has

taken place so that a little cassiterite appears in a higher

wash horizon. The wash lies on an uneven basement surface

and is variable in thickness from 0-3 metres - mainly from

120-180 cm. A barren, yellow sandy wash overlies the basal

grey sand or gravel wash locally or sometimes rests directly

on bedrock where the gravel is absent. The washes,

particularly the cobble bearing ones, suggest the existence

of very fast moving stream or flood conditions and heavy

erosion. In the first phase of these conditions a great

amount of comparatively coarse material is transported

which settles immediately upon a slight decrease of the

competence of the stream. During the further lowering of

the stream level and the velocity of flow the grain size

of the detritus deposited decreases. (Kukal 1971)♦

This phase was followed by a series of sediments

laid down in a low energy environment; fine compact silts

with thin ironstone horizons are representative of chis

period and these are comparatively poorly mineralised. The

overlying black carbonaceous mudstone, up to 25 m in thickness

must have been deposited in a stagnant water lake, perhaps

with an oscillating floor. These mudstones contain occasional
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plant fragments and huge tree trunks at the base. Thejj-

are not fissile, contain no rootlets and no mud cracks

and the tree trunks at the base are believed by the writer

to represent the first flooding of the area by lake water.

The cause of lake formation is not known but seems likely
i
i

to be as a result of damming of the Ngell river by basalt

outpouring from the Vom or Miango cones. The black mudston
*r

from ML 6ll^ has been analysed and the following results

were obtained;

Si02 50.00$
Ti02 1.17

A1203 22.77
Fe203 5.03
FeO n.d.

MnO 0.02

MgO 0.76

CaO 0.37

Na20 0.08

K2O 1.01

P203 n.d.
h2O+
H2°- 13.10

Total loss on ignition 18.79
100.00

The sequence in paddock 1373 (see 1:10,000 scale

map) shows:

18.5 m greyish brown mottled sand with gritty lense

and a neptunian dyke

9.-25 m hard compact black mudstone with occasional
sand grains. Shows a sharp boundary down

into:-
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0.3 - 1.8 m grey sandy clay variable in thickness from

1.8 m in the west thinning very rapidly to

0.3 ni in the east.

0.3 - 1.0 m brown ferruginous fine sandy silt with

concretionary banding especially near the top

and base.

1.8 m tin rich sandy wash with fragments up to 2 cm

dispersed in a sandy clay which is either

greyish or brown in colour.

In NG 6 paddock (see 1:10,000 scale map) the sequence is

similar but the thickness of black mudstone is much redufced;

15.3 - 18.5 m grey brown mottled sandstone

3 in compact black muds tone

1.8 m grey brown sand

3 m grey sandy clay with numerous quartz splinters

no concretionary banding as at 1373

2 m sandy wash with tiir

1 m gravel wash with tin

In NG 5 paddock however, the succession is more variable.

The height of the basement bedrock changes constantly and is

locally very hard and unweathered almost like younger granite

In the west the succession is as follows:

3. greyish brown sandy clay of variable thickness

2. black mudstone, locally directly overlying

bedrock. Rich in fossilised wood at the base.

1. red conglomerate with coarse angular and

feld spathic fragments dispersed in a clay

matrix. Locally grey clay directly overlies

bedrock and this is overlain by the red

conglomerate.
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In the east of the paddock a white quartz sand !
overlies bedrock and is succeeded by a brown and black

ferruginous horizon; only low grade or trace mineralisation

is encountered.

The accumulation of heavy minerals in the basal!

sands and gravels is based on the differences in the

specific weights of light and heavy fractions which makes

possible differential transport and deposition of two

fractions. According to Kukal (1971) a contributory factor

is the dropping of heavy mineral grains into the interstices

of much coarser underlying sediments. V/hen a mixture of

sandy and silty material is transported along the gravelly

bottom, large grains of quartz and smaller grains of heavy

minerals, being heavier than the competency of the stream

can carry, are laid down. The smaller grains of the heavy-

minerals sink into the interstices although the larger

quartz grains may subsequently continue their travel.

Concentrations of tin and columbite therefore are to

be expected in the 'wash' horizons but they will also occui-

on sand banks and in marginal shoals (as on beaches).

Increased concentrations may also occur where there is a

sudden decrease in velocity of a stream due to rock bars or

near the mouth of tributaries. Locating the confluences of

tributaries with the main streams beneath the Ngell basalt

may therefore provide likely ore dejiosits (see section on

Recent Basalts). Although mineral concentrations may be

likely in minor streams there is not the amount of reworking

that has taken place in the major stream and the heavy

mineral concentration is unlikely to be as high in the

former as in the latter.
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The ago of the Ngell basalt which overlies these sediments

has not been determined but it is likely to be of a

similar age to the Vom basalt which is less than a million

years old. It seems likely therefore that all of these

sediments were Quaternary in age and that they owe their

preservation to a cover of basalt which was extruded before

the sediments had been subjected to extensive erosion.

However, the only reliable way to age date these sediments

would be to use some of the wood from the base of the black

mudstone for dating. A preliminary age obtained for

Kotanski (pers. comm.) from this wood was 5»000 years which

is even younger than was anticipated.
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Recent Basalts

Two separate alkali basalt flows cover part of the

project area in the west. In the south-west the basalt of

the Vom flow has clearly emanated from the well preserved

cones of the Vom volcano which is outside the project area

to the south (Fig. 13)* The Vom volcano rises 130 m above

the surrounding terrain, and has steep sided slopes to the

south-west, aloping more gently to the north-east. The „

Vom basalt has been dated by Grant e_t al. , (1972) and has an

age of 0.9 - 0.2 my. No age data is available for the Ngell

flow.

The Ngell flow which lies to the south and west of

the modern valley of the Ngell has no related cone. It is

sited over the ancient course of the Ngell and Rafin Bau.ua

streams and these ancient channels are at present being

prospected as a source of cassiterite. The Ngell basalt is

separated from the Vom basalt by a range of hills composed

of basement porphyritic hornblende biotite granite and of

the Vom hastingsite biotite granite (Fig. 8).

Both the Ngell and Vom basalt have clearly buried

part of the early Vom hastingsite-biotite granite ring-

dyke. The presence of the ring-dyke sporadically under the

basalt has been established from well logging by ATMN. It

has been suggested that in the absence of any related cone,

the Ngell basalt has emanated from a series of fissures along

a zone of weakness in the basement. If such a zone existed

it would most likely have been the contact zone between the

granite ring-dyke and basement. This is a definite possibility

since the volcanic cones at Vom are known to be associated

with the contact of the dyke in this locality where the dyke
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swings round to form the Kuru Hills. The highest point

of the Ngell basalt lies close to where a small inlier of

ring-dyke is exposed and the flow surface slopes gently

away from this point in all directions except southwards

where the basalt maintains the same elevation. From this

highest point the bulk of the flow is to the north and west

where the bedrock was lowest in the old Ngell and Kafin

Bauna valleys.

The Vom and Ngell flows are drawn as two separate

extrusions by the Geological Survey although prospecting

by ATMN suggests that the flows are continuous in the Geli

headwater region. The possibility therefore, that the Ngell

basalt is part of the Vom flow must not be excluded.

Petrologically the two basalts do show differences, but the

comparison of a few thin sections is not conclusive evidence

for the Ngell and Vom flows to be of differing origin.

Fig. 14 Comparative Petrology of Ngell and Vom flows.

Ngell Basalt Vom BasaltThin Section
charac teristics

Texture

Phenocrysts

porphyritic

Abundant olivine which is

usually fresh and euhed-
ral, augite occasionally
with colour zoning show¬
ing a pale brown core and
darker rim.

Max. size 0.5 mm

porphyritic

Smaller and fewer

phenocrysts than
in Ngell flow.
Otherwise olivine
and augite
characteris tics
are the same.

Max. size 0.3-^.5
mm

Groundmass Dark brown groundmass.
composed of laths of
labradorite up to 0.3 mm
in size (the largest laths
occur in Sample JB 72 from
the north of the flow),
small rounded olivines

generally fresh but a few
may be partly serpentin-
ised, granular augite and
abundant iron oxide.

Lighter brown
groundmass compose
of labradorite

laths, rarely more
than 0.1 mm in

size, small rounde
olivines-usually
fresh, granular
augite and abundan
iron oxides which
are finer in grain
size than those of
f • 1ir/a I 1 CI _
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Sub-Basalt ore reserves I

Cassiterite-bearing alluvial reserves in sediments

below the Ngell basalt have attracted attention for many

years. Both the Ngell and Rafin Bauna streams have their

former courses beneath the basalt, the Rafin Bauna lying to

the north-east whilst the former Ngell channel enters the

basalt immediately south of the present day confluence of

the Gona/Ngell streams. The buried Ngell and its

tributaries are the site of major alluvial ore-bodies.

High concentrations of tin occur in a series of basins

separated at intervals by well defined rock bars, some of

which may be of the Vom hornblende biotite granite. As

thin black mineralised veins are known to cut this granite

they may be the source of the pockets of enrichment in the

ML 17707 deposit and part of ML 6\lk reserve and could

have contributed to enrichment in the centre of the basalt

f 1 ow.

All the sub-basalt cassiterite mineralisation located

so far has been associated with coarse quartz gravels and

cobbles (see previous section) and it is not thought that

this type of alluvial mineralisation is deposited far from

its source. It is the writers opinion that the quartz-mica

pegmatites and mineralised veins east of Sabon Gida must have

contributed a large part of these cobble washes. The

narrowness of the wash band combined with rapidly varying

cassiterite values makes the reserve assessment difficult.

However, whilst it is certain that the sub-basalt leads are

potentially a rich source of tin, to mine them presents a

number of problems due to the decomposition both of the

base of the basalt and of the bedrock beneath the tin-bearing
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Summary

The Basement in the Bukuru-Ngell valley project area

varies from gneiss to muscovite and porphyritic granites and

has no mineralisation.

The Jurassic granites were intruded into this ca.

165 my ago and are richly mineralised with columbite and tin.

Small amounts of columbite are dispersed through all the
v

granites but reach economic proportions locally in the

Rayfield-Gona granite. Minor amounts of cassiterite are

also disseminated throughout the granites but cassiterite is

concentrated, in addition to sphalerite and galena, in

vertical mineralised veins which cut the granites. These

veins although rarely visible directly on air photos can be

inferred in areas of very close jointing.

It is suggested in this work that the granites which

have previously been divided into a number of separate

intrusions are variants related tc two major intrusive phases

and that the mineralisation is related to marginal and roof

zones within these intrusions. It is also postulated that

the Jos-Bukuru and Ropp complexes belong to the same

batholith at depth thus offering an explanation for the

similarities between sequence of intrusions and comparative

abundance of mineralisation.

A period of erosion and deposition during the Tertiar

followed the intrusion of these granites. Remnant mounds of

this series are composed of fluviatile sediments, of which

the basal sandstone is rich in derived cassiterite.

Basalts were extruded in Recent times after the

plateau had more or less reached its present day topography



and the flows infilled broad, shallow valleys, thus burying

the fluviatile tin rich sediments.

Economically the alluvial tin reserves are of great

importance and the Bukuru area is one of the richest

cassiterite producers of the Nigerian Province. However,

as the alluvial reserves are slowly being depleted and the

price of tin increases it seems likely that attention will

once again turn to primary sources, especially those in

replacement veins. Future assessments of primary ore reserves

however may take into consideration other ore minerals,

particularly sphalerite, in the mineral assemblages which
I

could form valuable by products to cassiterite production.

These other minerals seem to have been largely ignored

in the past. Little information has been written in the

past about these mineral assemblages within replacement veins,

about their distribution, or why they related to biotite

granites. These problems will be discussed in Chapter J.
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Chapter 3 - I'lluora 11 sa I" i.o11

Introduction

During the process of crystallisation it is envisaged

that the last material to crystallise is essentially a fluid

mixture containing, in addition to water, silica and the

constituents of feldspar, dissolved volatiles whose composit¬

ions can be inferred from volcanic gases, fluid inclusions and

wall rock alteration. These volatiles consist predominantly

of water with CO^, HCl, HF, CH^, sulphur compounds, alkali
halides and halides of the 'incompatible' trace elements which

are not readily accommodated in crystal lattices (Krauskopf

1967).

The amount of magmatic water in a residual fluid is

strongly dependent on the level of the intrusion. According

to the experimental data of Burnham and Jahns (1962) the

amount of dissolved water in subvolcanic granites would not

exceed and may be even lower. Since the syenitic parent

magma may have risen from subcrustal or mantle regions (van

Breemen et al., 1975) to higher levels in the upper crust the

magma must have been relatively undersaturated with vv'ater

otherwise it would have frozen at depth. Consequently, the

magrnatic water content must have originally been low and at

high crustal levels some meteoric water input may occur

(Sheppard pers. comm).

At first if temperature and pressure are sufficiently

high, the magma is a single silicate liquid phase but as crystal

isation begins the water content and other components are

concentrated in the residuum. At some later stage the watery

components may separate from the silicate liquid phase and
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according to the experimental work by Wyllie and Tuttle (1961)

Koster van Groos and Wyllie (1965), Burnham (1967) and Kogarko

(197^) the chloride phase fractionates to the aqueous phase

while the fluoride phase partitions to the silicate phase.

Mineralisation in Peralkaline Granites.

In their experimental work on the granite system,

Tuttle and Bowen (1958) and Luth and Tuttle (1969) have shown

that the more peralkaline the magma the more water can be

retained within the silicate melt to low temperature. This

continuous line of descent of residual fluids is applied to

the genesis of peralkaline granites by Kovalenko (1968) who

stated that, as the temperature drops and further crystallisat

ion occurs the residual fluid becomes increasingly enriched

in volatiles, changing continuously without supercritical

phenomena from an agpaitic magma to a sodium-silicate rich

hydrothermal solution. Thus he suggests that it is possible

to progress from magmatic to hydrothermal processes without

water separating off.

Analyses confirm that albitised peralkaline granites

have rrs in the norm and may evolve in this way. However,

Roedder and Coombs (1967) have pointed out that other

components such as Fe, not present in the synthetic

experimental systems are available in the residual magma.

Furthermore, at near surface conditions a second phase (or

possibly phases) could separate from peralkaline residual

magmas by 'second boiling' (Kogarko e t al., 197^) as the

confining pressure decreases below the hydrostatic pressure.

However, only at late stages in the crystallisation of

alkaline magmas can a second immiscible liquid consisting

predominantly of salts and volatile components separate.
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This liquid phase differs profoundly in its chemistry and
.

metasomatic action on earlier solidified minerals. It! may

freeze before it can modify the exxsting rocks or it may lead

to the appearance of an exotic rock.

Such a process could account for the one late period

of mineralisation of the Nigerian peralkaline granites which

have been recrystallised with albite and microcline and may

contain pyrochlore, fergusonite, cryolite, fluorite and

thomsenolite and are enriched in many other elements eg.

Th, Sn, 3e, Li, Cs, Sb, Cd, Mo, Zn, Rb and Sr.

There are no aplitic dykes or pegmatitic veins in the

peralkaline granites, which indicates that there has been no

separation of a silicate liquid or of a water-rich super¬

critical phase.

Kogarko's (197^-) thermodynamic calculations, together

with a survey of experimental data for systems with , F,

CI, S and CO,, attest to the high capacity of alkaline melts

to dissolve and retain volatile components, which leads to

a decrease in their concentration in the co-existing gas

phase. This probably explains the absence of ores in alkaline

ro cks.

There are only five of these peralkaline granites in th

Nigerian younger granite province, all of them adjacent to or

near biotite granites with associated tin mineralisation.

They have not been studied in detail by the writer.

Mineralisation in biotite granites.

As the biotite granites are aluminous the retention

of a miscible aqueous phase appears to be severely limited.

As fractipnal crystallisation continued so the concentration

of volatile constituents would increase in the residuum until
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saturation when an aqueous phase would readily separate.

This situation would be particularly important during sub-

volcanic crystallisation of the biotite granites, the formation

of pegmatitic veins and the development of apli te-inicro-

granite dykes. The cooler crystalline portions of the sub-

volcanic granites, particularly in the roofs of the intrusions

would be invaded by the separated phases from the crystallising

granite at depth. Thus aplites represent the silicate liquid

where there has been no watery separation; pegmatites

represent the silicate liquid and i\rater rich supercritical

phase separation whilst the ore-mineralised veins represent

the subcritical phase where there are three phases with

crystals, a silicate liquid, water liquid and water vapour.

Of the mineralised veins studied in Nigeria none

have yet been observed to cut aplites. This has however,

been observed by Nockolds and Richey (1939) in the Mourne

Mountain granites in Northern Ireland. They describe aplites

2.5 to 15 cm in width with a composition similar to the

enclosing granite which are cross-cut by narrow vertical

greisen veins less than 5 cin thick.

It has already been stated that fluorides strongly

partition towards the silicate phase but that chloride

compounds fractionate into the aqueous phase. The distribution

of these 'incompatible' elements between the two phases is

reflected by Goldschmidt's chalcophile (chloride) and litho-

phile (silicate) classification and for the Nigerian model

it appears that Nb, Th, Zr, Hf, and Y partition strongly

towards the silicate phase whilst Zn, Pb, Cu, Mo, Bi and Cd

are more stable as chloride compounds and fractionate into the
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aqueous phase. The uncertainty about the partitioning of tin

is discussed later but it is suspected that the majority

partitions towards the aqueous chloride phase.

As the temperature of the residua decreases further

at subvolcanic levels, the aqueous chloride phase may itself

become subcritical and separate into a chloride rich solution

containing an immiscible sulphide rich assemblage of ore

minerals. Such a separation may not actually occur until the

watery fluid is passing through the fissure. The distribution

of ore metals would therefore be highly localised and confined

to zones of tensional fractures or cooling joints in the

related biotite granites.

Two distinct stages of mineralisation are therefore

recognised; the early apogranitic phase is a late magmatic,

pre-joint phase of mineralisation whereas the later metasomatic

phase takes place after the host rock has been consolidated

and usually after jointing.

Phase 1 Apogranitic Stage of Mineralisation.

This is a late magmatic, autometamorphic (deuteric)

phase which takes place during the cooling of biotite granites.

It is a pre-joint, dispersed phase of mineralisation, with

columbite, xenotime, thorite and hafnium and uranium rich

zircon introduced. There is a new growth of microcline and

albite (An.) and a replacement of perthite by K feldspar. A

textural change is effected by recrystallisation and

silicification. The biotite is progressively altered from an

iron biotite to a lithium aluminium biotite.

During, or slightly later than this phase, there follow

ifche formation of albitites, microclinites and pegmatitic veins.
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The dimensions of these are small and have no economic value.

Varlamoff (1972) attributes this to the shallow depth of

formation and shows that in granites crystallising at

relatively shallow depths, these small pegmatites (and partially

the quartz veins and associated mineralised veins) are located

in the granite bodies. Whereas if they had formed at greater

depths the pegmatites can reach gigantic propoi'tions and may

not be restricted to the granite intrusions.

The apogranitic stage of mineralisation is represented

by many of the fine-grained biotite granites in the Nigerian

Jurassic province but with the exception of limited areas of

the Jos-Bulcuru and Afu complexes the degree of mineralisation

is insignificant.

Only three areas are known to be enriched in minerals

belonging to this phase. Of these, Rayfield (Harwell paddocks)

and Passa Kai areas (Fig. 8) of the Jos-Bukuru complex have

already been described under the section on Rayfield Gona

granite in Chapter 2. Little is known about the enrichment

of columbite in the Odegi Hills of the Afu complex but it is to

be investigated further by members of the Nigerian granite

project, supported by the Overseas Development Ministry.

Despite the enrichment of the Rayfield Gona granite in

minerals of this phase, values are generally too low for fresh

undecomposed granite to be considered as an economic source

for primary columbite. Thei-e are however, extensive areas

within the above complexes where the granite is decomposed to

a gritty clay and these are the areas richest in columbite and

associated minerals. In the Jos-Bukuru complex these zones of

decomposition occur mainly along the lines of two major water¬

sheds and are preserved under remnants of the 1,300 m erosion



87.

surface (Dixey 19^9). In such zones decomposition to depths

exceeding h5 m is frequently found. The decomposed granite

is covered by a shallow overburden of laterite and detritus

and is mineable by opencast methods in the same way as an

argillaceous alluvial deposit.

There is a definite geochemical correlation between

niobium and the late soda-iron rich fluids that effected the

extensive albitisation of the potash feldspars, it is significa:

that columbite is restricted to albitised biotite granites.

It is envisaged therefore, that there was an introduction of

soda-iron rich solutions, from unconsolidated magma at depth

into the upper part of an irregularly shaped biotite granite

cupola. These solutions were rich in columbite, xenotime and

thorite and very small quantities of cassiterite were also

disseminated throughout the granite. It is the writer's

conclusion that monazite is not associated with this phase

of mineralisation.

Phase 2 - Hydrothermal Phase of Mineralisation

This is a post-magmatic, metasomatic phase which takes

place after the host rock has been consolidated and is

predominantly a post-joint phase of mineralisation.

This type of mineralisation may form fissure fillings

or involve a progressive replacement process in which the

original host rock texture may be preserved. Although the

resulting veins are generated within and by biotite granites,

such veins can occur in any rock type ranging from basement

gneiss to volcanics. These replacement processes take place

in a distinct sequence although in many cases the processes

overlap in time and space and early deposits of economic

minerals may be diluted by later ore-free stages.
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The term 'replacement vein' is a general description

used to define any vein formed as a result of a progressive

replacement process whether or not is contains ore minerals.

These are akin to the carbonas of the Cornubian province and

are generally vertical.

In contrast, the term 'mineralised vein* is used to

describe veins which contain a mixed assemblage of any of the

minerals - sphalerite, cassiterite, chalcopyrite, galena,

pyrite, monazite, greenockite, chalcocite, covellite, native

copper, genthelvite, phenakite, arseno-pyrite, molybdenite,

bismuthinite and uraninite.

Fissure filling veins are simple veins generally

composed of quartz and usually in a sub-vertical or vertical

fracture with a constant trend. Associated mineralisation is

sporadic.

The term 'greisen' is used very specifically to

describe a mineralised vein formed during one of the five

replacement processes (see later) and consisting of quartz,

siderophyllite (or protolithionite) with a little accessory

topaz and/or fluorite. Although compositionally they are

similar to some of the greisens from other tin provinces of

the world, in hand specimen they are much finer grained than

the coarse 'pegmatitic1 greisens found in the Altenberg area

of the Erzgebirge. Neither do they contain the abundant

muscovite which characterises the greisens from Tasmania,

Australia, the Erzgebirge and Cornwall.

A lode consists of a series of mineralised and quartz

veins, usually containing an economic concentration of ore

minerals.
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The replacement processes involve a gradual alteration

of the feldspars of the host rock by tiny flakes of sericite,

fluorite and/or topaz and there is a gradual development of

siderophyllite. The annitic micas of the granitic host rock

are gradually enriched in lithium and alumina and the feldspar

and sericite eventually are completely replaced by quartz and

a little topaz and fluorite.

Replacement veins have been examined from the Liruei

complex, the Saiya-Shokobo complex, the Jos-Bukuru complex and

the Ropp Hills and they are known to occur in many of the

other ring complexes.

The veins are generally vertical in attitude although

two horizontal veins have been identified, one in the Ladini

area of the Saiya-Shokobo complex and the other in the Banke

complex. The veins may consist of quartz, Li-Fe or Li-Al

micas, chlorite, topaz and/or fluorite or contain the exotic

suite of minerals described above. Sphalerite, chalco-

pyrite, cassiterite, galena, arsenopyrite and molybdenite may

occur in the same mineralised vein at the same structural

level together with the rarer minerals which have been

recorded either in the veins or in the altered wall rock.

Contrary to existing data on Nigerian mineralisation the

writer has found that sphalerite is by far the dominant

mineral and is far more abundant than cassiterite and

wolframite.

The mineralised veins vary from light to dark grey

or green and are occasionally black when very micaceous.

The texture of the host rock may be preserved and together

with the observation in thin section of feldspar in various

stages of replacement, the replacement nature of the veins

is clearly indicated.
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Part of the replacement zone inay contain veins of

massive or drusy quartz which appear to have been formed by

fracture filling-. Most of the quartz in these veins is a

clear, glassy variety, usually displaying a crude comb

structure although massive milky quartz may also be present.

Large individual crystals of cassiterite or sphalerite are

sometimes found within this quartz. Commonly the quartz is

enclosed by a replacement vein although it may also be

marginal to veins, and replacement veins with no associated

quartz vein are not uncommon. Marginal quartz veins are

occasionally associated with green micaceous bands although

micaceous bands and pods are more commonly found at the centre

of veins.

In some cases, there are zones of wall-rock alterat¬

ion marginal to, and earlier than, the mineralised vein. This

wall rock may vary from a pale yellow to a brick red colour

and contains mainly feldspar stained -with haematite. This is

best developed at Liruei. However, the extent of wall-rock

alteration is very small in comparison with that associated

with the porphyry copper deposits. The width of the

mineralised vein and altered wall-rock is not proportional

to the size of the quartz vein. All these features indicate

that the fluid which caused the replacement veins was intro¬

duced earlier than the quartz vein infilling although the

formation of both was probably close in time and space.

The lateral and vertical extent of the individual

veins varies greatly. With the exception of the Liruei lode,

which can be traced over 5 km, the veins can rarely be traced

for more than 20 metres. Also, withi the exception of the

Liruei lode, part of which has been proved by underground
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exploration to extend over 300 m vertically, the depth to

which the veins have been worked does not usually exceed

10 m.

Evidence from the Rishi area of the Saiya-Shokobo

complex demonstrates that vein distribution is related to

granite margins and their upper contacts with pre-existing

rocks. Southwards, where erosion has proceeded to

geologically deeper levels and where successive intrusions

of granite magma have tended to modify earlier contacts,

replacement veins are less abundant and their relationship

to the host rock is less obvious. In the Rishi area, highest

ore concentrations seem to occur less than 30 m below the

roof of the granite.

This metasoinatic mineralisation is related to, but

not restricted by, biotite granite although the majority of

mineralised veins are within this rock type. Veins can be

found in any rock type which reacts in a similar way to the

penetration of ore bearing fluids. Thus mineralised veins

have been found in pyroxene granite, riebeckite porphyry and

basement where ring fractures, faults or cooling joints have

acted as channelways. Even the regional foliation of the

basement may be exploited and preserved as at Gindi Akwati in

the Ropp complex.

These types of deposit are categorised as xenothermal

by Park and MacDiarmid (1975). They envisage that plutons

were intruded to shallow depths expelling high temperature

fluids into low jxressure environments. Under these conditions

the temperature and pressure gradients are exceptionally

steep, causing ore fluids to undergo rapid cooling and sudden

loss of pressure during their ascent.
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As a result the ore minerals are deposited over a

short distance and in a confused paragenesis. The earliest

minerals to form are high temperature varieties and rapid

cooling to near surface temperatures results in the deposition

of typical low-temperature minerals during the waning stages

of hydrothermal activity. True telescoping of deposits is

described by Baumann (1976) as a zonal arrangement of ore

minerals with the highest temperature minerals towards the

outside of a deposit and the zones towards the centre being

composed of lower temperature minerals. This may accurately

describe only a few of the Nigerian occurrences. More

commonly the process described as 'dumping' by Park and

MacDiarmid (op cit) appears to have taken place where minerals

that are not usually found together have been precipitated

practically simultaneously. However, in some Nigerian veins

there has been a distinct sequence of ore deposition and

more than one deposiCional phase of several of the minerals.

Examples Park and MacDiarmid give of xenothermal deposits

are in Japan and Bolivia and in the mineral assemblages these

are definitely closely analagous to the Nigerian occurrences.

However, both these Japanese and Bolivian deposits and parts

of the Australian tinfields, which also have close similar¬

ities to Nigeria (Taylor and Stevenson 1972) (Hesp 197^)

differ tectonicaily from Nigeria since they are situated in

orogenic environments. Vithin each of these provinces how¬

ever, the cassiterite-bearing intrusives have been emplaced

at different levels and different styles of mineralisation

are related to different depths of intrusion. Despite the

difference in tectonic setting the cassiterite-bearing

intrusives at the highest level of emplacement e.g. Herboton
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Province, Australia (Taylor 1972) and central and southern

Bolivia (sillitoe e t al., 1975) are similar to the Nigerian

se tting.

Mineralisation Processes.

It is clear that many of the areas that will be

described have a complex history of late stage fluids and

hydrothermal solutions and as yet it is difficult to

distinguish whether the different types are produced by a „

single, continuous hydrothermal phase or by a series of

separate injections. Obviously a particular hydrothermal

solution will cause differing types of alteration at differ¬

ing distances from its source due to changing pH, temperature

and pressure effected by reactive wall rock and may itself

separate into vapours and fluids.

Six stages of replacement have been distinguished

(Fig. 1^) although each replacement vein may not have gone

through all of the stages or may have ceased alteration after

having been affected only by the earliest stages. These

stages have been put in a preliminary order. Further work

outside the scope of this thesis will support or destroy this

order.

tC

Stage 1. ARGIhlM-C ALTERATION (Fig. 14) .

Ic- feldspar
The first stage is argll>lji^,a-tlS©-ft- of the granite host

which involves the partial alteration or replacement of feld¬

spars to form clay minerals. This may be associated with

haematite staining due to the liberation of the very small

amount of iron in the feldspar structure which has not been

accommodated in the clay mineral lattice. In the field, this

change can sometimes be observed as wall-rock reddening or as
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a zone of opaque feldspars adjacent to the vein. No

experimental work has been done by the writer to determine

the nature of the clay minerals but Deer, Hovie & Zussman

(1966) indi cate that at low temperatures and pressures, acid

conditions favour formation of clay minerals of the kaolinitc

group, whilst alkaline conditions promote the formation of

smectites or, if sufficient potassium is present, mica. Thov

also state that field occurrences indicate that acid rock

types such as granites alter to kaolinite whilst calcium or

sodium rich rocks generally yield montmorillonite. (photc 4).

This first stage of alteration is equivalent to the

intermediate argillic stage of Meyer and Hemley (1967).

Stringham (1953) believes it takes place in an acid solution

at temperatures below 350°C.
The hydration of the feldspar to form clay minerals

results in the release of silica, sodium and potassium and

small amounts of calcium. The silica may form new minerals in

later stages of alteration or may be deposited in Stage 5 as

vein quartz. The released sodium appears from chemical

analyses to be almost completely removed, probably as NaCl;

the released calcium however is converted in stage 2 into

fluorite. The released potassium also forms new minerals in

later stages.

Analyses by the writer and by Jacobson (1947) have

shown that during this stage of alteration in addition to

losses of silica, sodium and calcium in comparison with an

average unaltered biotite granite there is also a depletion

in alumina, ferric iron, magnesia, water and perhaps titanium.



Photo Photomicrograph of granite undergoing argillic
alteration. The feldspars, which appear cloudy in
plane polarised light, are seen decomposing to
kaolinite under crossed nicols. Scale x 20.

Photo 5. Photomicrograph of part of a sphalerite veinlet -

2 mm in width - cutting a replacement vein which
consists of quartz, fluorite and chloritised mica.
Locality 106, Rishi.



FIGURE 14

7
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Similarly the writer and Jacobson (op cit) have recorded

minor increases in ferrous iron, manganese and fluorine.

Stage 2. CIILORITIC ALTERATION (Fig. l'l ) .

The second stage of mineralisation is chloritisation

which involves addition of varying amounts of iron accompanied

by very minor sericitisation and the amount of alteration

varies widely. The original biotite of the host granite may

be partially chloritised or may undergo only partial replacement

and some of the original biotite appears very resistant.

Meyer and Hemley (1967) quote chloritisation of biotite

as an example of hydrogen metasomatism and give the following

equation:-

2K(MgFe)3AlSi3010(0H)2+4H+—Al ( MgFe ) yUS^O^ OH) g

+(MgFe) +2K++3Si02
The chlorite may also be altered by H+ metasomatism to form

sericite which is described under the next phase of alteration.

There is usually a massive input of fluorine associated

with this stage and there is a direct correlation between

fluorine content and ore concentration. Highest enrichment

in sulphide ores, particularly of sphalerite, pyrite, arseno-

pyrite and chalcopyrite are always associated with fluorite

rich chloritised veins. During deposition of the sulphide

ores local cracks may have formed resulting in the streaming

of sulphide bearing solutions causing the formation of solid

sulphide veinlets. (photo 5).

In hand specimen mineralised veins of this type are

dense, dark green to nearly black and some may be extremely

fine grained.

Lovering and Grliner (in Stringham 1953) believe that
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chlorite forms in neutral to slightly alkaline solutions

at temperatures anywhere between 560-100°C so although the

essential minerals give no indication of the physico-chemical

conditions of formation the sulphide minerals may give a

clearer definition. However, there is obviously more than

one phase of mineralisation so that any attempt at deduction

of conditions from the sulphide paragenesis may encounter

difficulties.

In addition to the input of fluorine there is a

significant increase in iron content from < 2'jo for the

average of biotite granites to >25/o in some of the mineralised

replacement veins of this type. Increases in Cu, Sn, pb, Li,

Ce, Zn and As are also recorded in this stage and all form

separate minerals except Li which is accommodated in the

mica lattice. The composition of the chloritic minerals

is not known but it seems likely that they will prove to

be daphnites or Fe-rich ribidolites since the biotites from

which the chloritic minerals have formed are very poor in

magnesia.

Stage 3. SERICITIC ALTERATION (Fig. lk).

The sericitic stage of alteration appears to follow

the chloritic stage and again amounts of alteration appear

to differ widely, the most noticeable effects appearing

where extensive chloririsation has not taken place. How¬

ever, the amount of sericitisation is very small in comparison

with the degree that has been described in Bolivia by

Sillitoe e_t al. , (1975) and in Cornwall by Alderton _e_t al. ,

(1976) .

Sericite forms as a result of breakdown of feldspar
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that has not been argillised and may be associated with a

few flakes of chlorite or fluorite or may form mica/topaz

aggregates with quartz. Nockolds Richey (1939) give an

equation representing the change from microperthite to sericite

and topaz assuming that no alumina is added or removed;

added

6(K 66Na 33)AlSi30g+3Fe + 2F 2+2(0H) •KgFeyUg(AlSi3010)2
(OH.5F.5k

+AlF2AlSi0Z|+K2Si03+Na2Si03+9Si02
removed

The distribution of sericite flakes within the feldspar

is completely random. (photo 6).

Sericite may also be formed by hydrogen ion metasom¬

atism of chlorite according to Meyer and Henley (1967) who

give the equation for approximately constant volume of the

solid phases and with mobilisation of aluminium;

2Al(Mg,Fe)5AlSi3010(OH)8+5Al3+3Si(OH)^+3K++2H+
KAl2Al5i3010(0H)2 + 10(Fe,Mg) + + 12H20.

In comparison with the chloritic stage of alteration

only minor amounts of sulphide minerals are associated with

the sericitic phase and of these only sphalerite and galena

are common. Cassiterite appears to have a similar distribution

in both phases.

It has been established by Grtlner (19^4) that sericite

probably forms in acid solutions above 350°C and in alkaline

solutions below 350°C. However, without fluid inclusion data

there is no means of deducing either temperature or pll.

In hand specimen mineralised veins of this type vary

from greyish white to medium grey depending on ore content

and percentage of inherited unaltered biotite.



Photograph 6. Sericite i's seen randomly replacing the
remaining feldspar in this photomicrograph of part of a
mineralised replacement vein. Sphalerite fills the top
right corner of the photograph. Cross nicols x 20.
Locality Anglo Jos.

Photograph 7 > shows a typical greisen with large, clear
quartz grains, small clustered topaz (bottom centre), pale
coloured protolithionite (top left) and green siderophyllite
(upper right) x 20. Locality 6k, Saboa Gida south granite,
near Bulcuru.

r
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S tage h. GRE1SENISATI0N.

The next phase of alteration is greisenisation and

is characterised by the development of new alumina minerals

in association with quartz. Greisen veins consist of large

interlocking unstrained quartz, green siderophyllites or

less commonly white protolithionite, and topaz which is

usually only in small proportions. Also minor fluorite and

cassiterite may occur as accessories (Fig. 1^). (photo 7).

The se.rj.cite of the previous phase has almost completely

disappeared, possibly due to silicification as suggested by

Meyer & Hemley (1967):

KAl2AlSi3010(0H)2+3Si(0H)Zf+10H+ * 3Al3+K+ + 6siC>2+12H20 .

The siderophyllite forms large bright blue green flakes

and has clearly replaced relic brown annitic mica, in some

cases with the formation of haematite along the cleavage

traces. Not all the siderophyllite, however, can have

formed by the replacement of original brown biotite since

some greisens are exceptionally siderophyllite rich e.g.

Ladini sample 5A. An analysis of both whole rock and mica

appears in appendix 12 and the mica plots in the sidero¬

phyllite field of the diagram devised by Lange et al., (1972).

It is possible that some of the siderophyllite has been

formed by the modification of sericite.

In some cases the original brown annitic mica appears

to have been bleached and then mantled with blue-green-sidero-

phyllite.

The abundant quartz generally forms large anhedral

grains except within the mica clusters where it forms mosaics

of small interstitial crystals with topaz. The quartz has a.

met amorphic texture and appears to be comjjle tely recryslal Used.
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Cassiterite is the only ore mineral common to the

greisens and its concentration is directly linked to mica

distribution. It is found within the mica clusters as

twinned and zoned crystals which are generally brown at the

centre and colourless at the margin. Small anhedral grains

are also numerous.

Chemically the greisens show a wide range in

composition but this is due to the differing proportions of

the sidcrophyllite. Analysis 1 in Appendix 2 shows a SiO^
content of 90.9/O whereas Analysis 2 shows ^h.2^. However,

the decrease in silica and corresponding increase in lithium,

potassium, alumina and total iron is largely due to a much

increased siderophyllite content. Hand specimen character¬

istics reflect the chemical composition. The more siliceous

greisen is light grey with a granitic texture and appears to

be composed of quartz and mica with a little haematite stain¬

ing. In contrast the micaceous greisen is very dark green to

almost black, coarse textured and so mica rich that quartz is

not evident except on close inspection.

Stage 5. SILICIFICATION.

The final phase in the mineralisation sequence is

undoubtedly silicification and quartz veins infilling

fissures can be seen cross-cutting all previous stages of

alteration. Silicification involves an increase in the

proportion of quartz to other minerals in an altered rock -

this may result due to silica being added hydrothermally.

In other cases quartz may increase withouit an overall

increase of silica due co alteration of feldspar to sericite

or to selective hydrothermal leaching of bases leaving

residual silica as quartz. There is evidence at Liruei
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supporting the latter suggestion and it is believed by the

writer that the quartz of the lode has been derived from

another biotite granite crystallising at depth.

The differing amounts of quartz in the previous-

greisen-stage (i.e. 50~90/£) probably reflect the effect of

the silicification stage on the greisens. ft is with the

late stage quartz veins that the bulk of the wolfram is

associated and cassiterite is also not uncommon, either with

the wolfram or on its own. Less commonly sphalerite occurs

in some of the quartz veins, suggesting a later generation

than that associated with the chloritic phase of alteration.

The cassiterite is also believed to be a later generation and

a preliminary investigation indicates that the cassiterite

associated with silicification is much lighter coloured than

the earlier generation and likely to contain iinpux^ities of

quartz.

Occasionally lithium rich biotite mica remains in

some of the small veins and a mineral of the chlorite group

is associated with the massive quartz vein at Sabon Gida.

It seems likely to the writer that there is also a very minor

second generation of chloritic development at this stage which

is responsible for the thin chloritic veins cross-cut ting

earlier stages of alteration. Chlorite has been recorded in

fissure veins in some hydrothermal veins of the alpine type

in low grade metamorphosed sediments in association with

adularia and quartz (Deer ert aJ_. , 1966). Although a

chlorite mineral has not been found in association with

adularia in Nigeria, Jacobson (19^7) records adularia assoc¬

iated with late-stage quartz veins. "It sometimes occurs

in aggregates of euhedrul crystals lining vugs in the quartz
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and is often associated with wolfram. The adularia is

salraon pink in colour arid is easily identified by its

characteristic rhomboidal form".

In hand specimen the small quartz veins usually

display a crude comb structure with colourless, transparent

crystals, but tend to become more massive and milky in the

larger veins and rarely becoming amethystine. The quartz veins

may occur alone or as fracture infilling cutting earlier stages.

There seems to be no direct relationship between the width of

alteration and the width of the quartz vein. As yet there is

no information on the temperature of formation of these veins

but the material collected proves promising for fluid

inclusion techniques.

Discus sion

Nigel Grant (Grant et a_l. , 1976.) during his studies

of Bolivian tin mineralisation has used fluid inclLision data

to indicate the temperature and salinity conditions that

prevailed during vein formation. He and other co-workers
Q

have found that the earliest veins form around 500 C and at

high salinity - these have no associated mineralisation.

As salinity and temperature decrease so cassiterite begins

to form. Gradual temperature and salinity decrease may be

responsible for the sequence of phases that have just been

described.

It also seems likely that some of the veins described

above are due to pneumatolysis by a supercritical fluid.

Some veins may have developed before a joint system was

established and joints may have formed along the veins which

formed a linear weakness. The replacement veins in the
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south-west of the biotite granite at Banke may be of this

type which would explain, in relation to Grant's work (op.

cit.), why there is no associated mineralisation since the

salinity and temperature of formation would have been too

high for separation of cassiterite and other ore minerals

as separate phases. In contrast, the veins at Rishi and

Liruei would be considered as having formed at lower

temperatures and salinity. Further work, outside the scope

of this thesis, is planned to prove this hypothesis. How¬

ever, it does seem likely that where joints and fissures

developed there would be a corresponding drop in both

temperature and salinity thus increasing the possibility of

ore deposition.

These veins show stages of mineralisation similar to

those observed in other tin provinces (e.g. Bolivia and

Czechoslovakia) although the order in which they take place

is not necessarily the same. The Nigerian setting however

is unique in that the veins which contain cassiterite contain

no tourmaline which is attributed to boron deficiency in the

parental liquids of the province (Bowden 1970).

The sequence of stages as suggested by the writer is

in fact almost the reverse of that proposed by §temprok
for the stages that have taken place in the Erzgebirge. He

suggests the following sequence of events:

1. pegmatite formation

2. feldspar growth

3. silieification

4. greisenisation

5- tourmalinisation

6. clilori tisation

7. sericitisation
rkao1inisation
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In contrast the writer has suggested that in

Nigeria the sequence is:-

1. argillisation and haematite formation

2. chloritisation

3. sericitisation

k. greisenisation

5. silicification (rarely with feldspar growth

There is no tourmalinisation stage in Nigeria since

tourmaline is absent and there is no distinct phase of

pegmatite formation although pegmatitic knots and lenses do

occur. These may have formed in the early apogranitic stage

of mineralisation either pre- or post-jointing; also

pegmatitic lenses are associated with at least one of the

later mineralisation stages listed above since the greisens

in the Ladini area of the Saiya-Shokobo complex (Fig. 22) may

have pegmatitic lenses at their centre or parallel to one of

the margins.

The apparent reversal of the alteration phases may

be related to alkalinity since the Erzgebirge mineralisation

is related to an initially low alkalinity whereas in the

Nigerian province the alkalinity is initially much higher.

In the Erzgebirge the original host rock is calc-alkaline

and as the alkalinity increases there is a progression of

alteration phases from 1, which is pegmatite formation, to

stage 8, which is argillisation (Fig. 15a). However, in

Nigeria the reverse is true. Mineralisation is associated

with decreasing alkalinity. Since late-stage argillisation.

in the Erzgebirge is related to high alkalinity perhaps it is

therefore not unreasonable to find argillisation related to

high alkalinity in Nigeria i.e. forming one of the first
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phases of mineralisation rather than the last as in

Czechoslovakia. viz.

increasing alkalinity
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Fig. 15 Comparison between stages of mineral¬
isation in Nigeria and in the Erzgebirge.

Thus in the Erzgebirge and Nigerian Provinces

argillisat ion takes place at maximum alkalinity which in

the Erzgebirge is late in the sequence and in Nigeria is

related to the early mineralisation stages (Fig. a and b).

Therefore, stages 1-8 in the Erzgebirge taice place

as the alkalinity increases. However the stages in Nigeria

are reversed and take place in response to a decreasing

alkalinity.
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Chapter h. Characteristics of the Replacement Veins

in the Conqplexes that were studied.

Llruei

The Liruei lode is the largest of the vein systems.

The lode can be traced along its east-west strike for over

5 km (Fig. 16) and has been proved at depths of 300 111 west

of the shaft. The lode dips to the south at 70-80°. The

total width of the vein system varies from 1 m to 8 m but it

is commonly 2.5 ni wide. It comprises parallel quartz veins

which are enclosed by bands of greisen which grade into a
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Fig. l6. The Liruei Younger Granite
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Photograph 8. Cross section across one of the minor Liruei
veins showing grey greisen, with a central quartz vein,
grading sharply into reddened granite. Scale x \.
Photograph 9. Cassiterite crystals taken from kaolinite-
filled vugs in the Liruei lode, x 5«



zone of reddened granite. Jacobson (19^7) describes

"the contact between the quartz vein infilling and greisen-

ised wall-rock as fairly sharp and the junction between

the greisen and the reddened wall-rock, although not as

sharp as a normal intrusive contact, is very well defined.

The junction between the reddened wall-rock and the unaltered

host granite is also surprisingly sharp." (photos 8 and 9).
At one point underground, over a horizontal distance

of 7 nine or ten separate lodes can be seen. Parallel

stringers are common and offshoots sometimes occur but they

are narrow and impersistent - at the adit they are orientated

in a north-northeast - south-southwest direction. The

quartz veins vary from 5 mm to 75 cin in thickness. Generally

the narrower ones show a comb structure with glassy crystals

whilst the wider ones show a more massive type of quartz

which may be cloudy or milky. Occasional large cavities

occur in these massive quartz veins and may contain adularia

crystals and wolfram. The quartz veins may also contain

sphalerite, cassiterite, a little galena and disseminated

chalcopyrite. Commonly the width of the greisen zone is

inversely proportional to the width of the quartz vein.

R.G. Taylor (pers. comm.) has suggested that where there

is a wide fracture there is less reaction of the ascending

fluids with the wall-rock and where the fracture is narrow

ascending fluids react with the wall rock so that there is

little deposition of ore minerals.

Chemical variations between an average of five biotit

granite samples and altered wall-rock on either side of a

mineralised quartz vein show marked increases in Li, Zn,

Si, and from the normal granite, probably also in Sn0o
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although this has not been analysed. Minor increases are

recorded in Pb, Fe and Mn whilst sharp decreases in K^O
and Na20 have been found in the vein (Fig. 17)• It must
be concluded that K+ and Na+ were released by feldspar

breakdown and possibly removed in solution in the form of

chlorides. However, the wall rocks enclosing the vein

have a. marked increase in potassium although they show

evidence of argillic alteration which would involve a net

loss in potassium. It seems likely that the potassium from

the vein may have migrated into the surrounding wall rock,

Despite the increase in potassium in the wall rock, it is

not considered to be akin to the potassium silicate alter¬

ation of Meyer and Hemley (1967) since there is no new

feldspar formation. (Appendix 12).

The greisen is dark green or greyish and always has

a granitic texture. It consists essentially of quartz and

green mica. Despite the fact that topaz is rare within the

lode the veins are still considered as greisens since they

are composed of quartz and "new" alumina minerals in the

form of protolithionite which has not formed at the expense

of the biotite in the original host rock. This fits with

the definition of a greisen given in the previous chapter

although not necessarily in agreement with other authors.

Cassiterite has been exploited in the alluvial

deposits along the lode on several levels to a depth of 150 m.

It has been estimated that the mine would produce 1,600

tonnes of tin metal a year and 6000 tonnes of zinc metal.

This gives an approximate grade of Q.5$ Sn and 1.5-2^ Zn.

The metal values of the wall rock between the lodes has not

yet been assessed. The cassiterite occurs as coarse crystals
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in the quartz veins and is also widely disseminated in the

greisens. It is also found underground in vugs as large,

lustrous black twinned crystals associated with kaolinite.

The distribution of the cassiterite is highly irregular and

rich pockets of ore are separated by long stretches of barren

quartz.

Sphalerite is the most abundant ore, widely

distributed in quartz veins and greisens, and occasionally

found in the altered wall-rock. It occurs in massive form

up to 1 m across and may be pure or associated with massive

galena, especially in the western end of the lode. In the

quartz veins the sphalerite may occur marginally or at the

centre and for short distances the lode becomes solid

sphalerite. In hand specimen the sphalerite is very dark

brown with a characteristic greasy lustre. In thin section

it is always yellow or yellowish brown.

Chalcopyrite has been observed widely but is not

abundant. Azurite and malachite are common stains at the

surface especially around the adit.

Molybdenite, bismuthinite and wolframite are known

to occur in the Liruei lode although they are rare in

comparison with cassiterite and sphalerite. Molybdenite

appears to be more common in the altered wall-rock than in

the lode although it has been recorded in veins to the west.

Wolfram has been mined at Liruei but the tenor has never

been very high. It is restricted in occurrence to the late-

stage quartz veins and it occurs as dark brown to black

crystals either in the veins or in drusy cavities associated

with adularia. Like cassiterite its distribution is very

variable but the highest values occur in the west end of
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the lode where it is richest in galena.

Despite the fact that wolfram is most abundant in

the west and sphalerite is most common in the central part

of the lode there is no zonation of ores as in Cornwall.

However, a three-dimensional survey of the whole lode would

now be possible with the opening up of a mine and would

establish a distribution pattern of each of the ores.

Jacobson (19^7) has noted the occurrence of genthel-

vite in greisens at Kerigateri Hill near the contact between

a fine-grained granite and an earlier rhyolite. Individual

greisens are only developed on a small scale and become

more abundant towards the rhyolite contact. Some of the

greisens are extremely irregular in form and are not related

to definite fissure fillings. They are predominantly

siliceous and sulphide-bearing. The occurrence of genthel-

vite close to the upper contact of the granite is very similar

to occurrences at Rishi where the beryllium mineralisation

is restricted to the upper 30 m of granite.

The host rock of both the lode and of the greisens

at Kerigateri Hill is biotite granite. At the surface this

is a relatively uniform medium to coarse grained biotite

granite, generally pink in colour. However, at depth,

fine-grained white or pale grey variants and micro-granite

may form sharp irregular boundaries with the normal granite

both in texture and colour. Small, thin pegmatitic pods may

also occasionally occur. This variable granite appears to

represent a distinct intrusion emplaced within the normal

Liruei biotite granite and clear effects of hydrothermal

alteration within this intrusion suggest that it must have

been einpiaced earlier than the formation of the lode.
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Associated with the microgranite are fine-grained whitish

bands composed almost entirely of feldspar. They contain

numerous cavities which may be the result of leaching out

of silica. The cavities may contain crystals of albite

and books of green mica. These feldspar bands are akin to

the albitised granites formed by late stage metasomatism

and it has been suggested by D.C. Turner (pers. comm.) that

the silica of the lode has been derived from the silica deple

feldspathic rocks.

The fine-grained granites show evidence of albitisat-

ion and of replacement -where feldspar has been partially

replaced by quartz and green mica and original brown biotite

has a green rim or is partially replaced by green mica.

It is suggested therefore that the mineralising solutions

which formed the Liruei lode are directly related to this

fine-grained intrusion at depth. It is envisaged that the

roof of this fine-grained granite was mineralised before

joint development by ascending solutions from a still liquid

portion at depth and that as these solutions continued to

rise they mineralised the overlying granite along a series

of fissures which had developed as a result of the fine¬

grained intrusion at depth, thus forming the lode.
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The Rishi biotite granite, which is medium-grained,

appears to be the most extensively mineralised granite in

the province and the mineralised veins contain the most

exotic suite of minerals. All the veins located fall with¬

in
xn three distinct groups with one groxip in the vicinity of

Dutsen Rishi (Fig. 19)> one group south and west of Dawa

(Fig. 21) and one group south of Ladini (Fig. 22), in all

cases the veins occur near the granite contact with other

rock types and all the veins are parallel locally to that

contact whether they are within the contact or beyond it.

Figure 18 shows the distribution of these veins which have

been mapped onto air photographs and then located on the

survey map by photographically increasing it from a scale

of 1:100,000 to the same 1:^0,000 scale as the air photos.

At this scale the geological boundaries shown are not very

accurate and have thus presented problems in mapping.

Sketch maps of each area have therefore been added (Figs.

19-22) and where possible amended geological boundaries drawn.

It seems significant that the vein localities in the

Dutsen Rishi and Dawa areas appear to lie in a north-south

zone in which joints and lithological contacts are also

predominantly of a similar orientation. It seems likely

therefore that major lineations in the basement have exerted

an effect not only on the location and form of the intrusive

rocks but also on the mineralisation related to them.

Dutsen Rishi Area.

The Dutsen Rishi group (Fig. 19) is composed of a

series of veins occurring either at the surface in basement

and Rishi biotite granite or in the biotite granite at

shallow depth beneath a narrow basement rib. This is
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Fig. 19.

described by Buchanan (1971) as "an unusual cross-section

of the granite roof provided by a narrow arched rib of

porphyritic older granite which extends from the line of

the outer contact to the top of the hill. This is a

horizontal distance of 2^- km and a vertical rise of 300 m.

The attitude of the contact shows a progressive change from

45° at the lower end of the rib to horizontal at the top".

A small cap of weathered, grass covered rhyolite overlies the

older granite and forms the summit of Dutsen Rishi (Fig. 18)

bu.t its contact with the adjacent rocks is nowhere exposed.
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At the base of the sIoijc, dark coloured queirtz

veins trend 320° in basement (Fig. 13). Locally, one of

these veins is 3 in wide and has been worked for tin and

tungsten. Nearer the contact with the younger granite there

is a profusion of aplitic veins with varying thickness am?

trend. East-west orientated mineralised veins vary in

thickness from 2.5-7 cm and the wider veins are often composite

with two narrow replacement veins enclosing a thin central

quartz or aplite vein.

Following the basement rib up the river valley a

number of workings expose mineralised veins, in underlying

granite, which appear to trend 300-320° and continue up the

hill parallel to the stream valley. The underlying granite,

exposed in pits, is seen to be within a few metres of the

surfac e.

At locality 102 the exposed vein is grey and

micaceous with abundant sphalerite and chalcopyrite as large

anhedral masses and pyrite as small dodecahedra. Locally

pods or streaks of milky quartz are enclosed and small clear,

iron-stained crystals may occur along fissures.

An enormous spoil heap fills the valley and younger

granite boulders from the pits show numerous cross-cutting

and irregular mineralised veins. Further up the hill at

locality 103 two mineralised veins within 15 metres of each

other are clearly exposed at the head of the valley. The

lower one is 1.8 metres wide with no apparent ore minerals

and has thin offshoots whilst the other one is 3 metres .in

wid th.

There is an irregular distribution of ore minerals

both across this lode and along its strike. Dark brown to
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black sphalerite is abundant with cassiterite and chalco-

pyrite; chalcocite has also been identified from polished

ore sections of this material. Very little galena has been

observed although it is known to have been mined from these

pits .

In thin section the veins from the basement, which are

dark, almost black, fine-grained varieties, have very little

quartz and topaz. They are extremely rich in brown mica,

fluorite and ore minerals. Under high power the brown mica

shows minor replacement by siderophyllite and part of the

mica may also be chloritised. The feldspar has been altered

into turbid areas of clay minerals, or has undergone

sericitisation. Cassiterite is common to abundant as small

grains varying in colour between brown, red and colourless.

Occasionally these crystals are twinned - see photomicro¬

graph 10• Sphalerite is extremely abundant and may vary

from small grains which are yellow to orange in colour and

rimmed with chalcopyrite to large red areas with exsolved

chalcopyrite. The two different types probably represent two

different generations of sphalerite. Chalcopyrite is also

extremely abundant. It occurs as large or small anhedral

patches and occasional small euhedral crystals and also along

the partings and cleavage in srhralerite or as rims around

other minerals. Monazite is also abundant usually occurring

as a mesh of crystals or as rosettes. Small dark brown

prismatic crystals of allanite may occur and tiny zircons are

numerous. Greenoclcite lias also been identified. Thin

sections suggest that the most altered zones are also the

richest in sulphide deposits and as the hydrolitic effect



Photograph 10. Twinned cassiterite with chalcopyrite
in a groundmass of quartz, fluorite and chloritised mica,
x 25.

Photograph 11. Monazite crystals forming a mesh surrounded
by chalcopyrite with large anhedral fluorite and chloritised
mica.
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diminished the quantity of sufphide deposited was also

reduced.

In contrast, the lighter coloured siliceous greisens

which occur only in the Rishi biotifce granite are not

enriched in ore minerals, the amount of fluorite is small

and there is an abundance of topaz. The greenish brown

lithium rich biotite is extremely fine-grained and has been

partly chloritised.

Much further up the hill more veins have been

excavated and pitted although they are now very overgrown.

At locality 107 Rishi biotite granite has been extensively

altered although no distinct boundaries can be determined -

streaky quartz and a dark fine-grained untnineralised greisen

are completely intermixed. The greisen is vertical and

trends 320°. Above this locality and 011 the same strike, a

well exposed composite vein 3 metres wide has a variable

texture across the strike. The outer margin is characterised

by a discontinuous zone of quartz-mica which has a vesicular

texture, the cavities being due to the preferential weathering

of mica - small brown crystals of cassiterite can be found in

this zone. The quartz occasionally becomes massive and is

streaked with amethyst. There is a gradual westwards

transition into a very quartz-mica rich streaky variant which

in turn grades into a light grey coloured fine-grained greisen

and eventually into a dark grey fine-grained material. It is

not known whether there is a further westward zonation

because the ground falls away steeply at this point. In

thin sections of the quartz-mica streaky variant, tojjaz is

absent, there is a little fluorite and cassiterite but

essentially the minerals are quartz and fine-grained brown or
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greenish mica pleochroic to pale yellow and almost colourless.

The light and dark grey varieties differ little in hand

specimen but the lighter type is rich in topaz and quartz

with extremely fine-grained brown mica and a little fluorite

whilst the darker variety has no topaz and only a little

fluorite with micas varying from reddish brown to light green.

Both contain minor sulphide ores and almost no cassiterite.

Below Dutsen Rishi at locality 118 a dark grey fine¬

grained replacement vein trending 260° has been blasted out

forming a gulley, and again the younger granite can be seen

below the basement granite at the surface. It contains

pyrite and chalcopyrite, and cassiterite rich quartz was

collected from the spoil heap.

To the south of Dutsen Rishi a fine-grained variant

of Rishi biotite granite contains replacement veins. Many

of the north-south joints or 320° joint planes have been

reddened and quartz veins are abundant. At locality 10^ a

one metre wide mineralised vein, trending 250° grades from

light coloured almost pure quartz into a grey fine-grained

or streaky material with alternating quartz and medium to

dark red or blackish streaks of replacement vein. The

grey fine-grained variant contains abundant chalcopyrite,

a little pyrite, cassiterite and galena. Further up the

hill at locality 105 the same vein is 1.5 metres wide. It

is streaky at the margins and the granite contact is very

decomposed.

Across the valley from Dutsen Rishi at locality 106,

a massive mineralised vein trending 2lk° cuts a fine-grained

marginal variant of the Rishi biotite granite. The vein

which is approximately 1.8 metres wide is exceptionally

sphalerite and cassiterite rich - the cassiterite in the form
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of massive pockets is concentrated 011 the eastern margin

whilst the sphalerite forms veinlets associated with quartz

and purple fluorite in the centre and becomes massive on the

western margin. The distribution of chalcopyrite is similar

to that of sphalerite although it is less abundant. The

quartz veins which are variable in thickness have a honeycomb

texture and may contain masses of cassiterite 2.5-5 cm across,

stringers of cassiterite and irregular patches of sphalerite.
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Fig 20 Section across Locality 106 showing location of specimens

In thin section Sample A (Fig. 20) shows medium-

sized strain free quartz with minute fluid inclusions. No

feldsp>ar now remains and fine-grained sericitic mica associated

with quartz and topaz is abundant whilst occasional large
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mica flakes, which are either white or pale green (probably

protollthionite), may be associated with fluorite. Patches

of chlorite with sericite are also formed during feldspar

breakdown. Both cassiterite and sphalerite occur, the

cassiterite is light in colour and the sphalerite forms

small anhedral yellow masses apparently replacing mica/topaz/

quartz.

Sample B in thin section shows a greater range of size

in the quartz grains. Not all the feldspar has been rejrlaced

and locally sericitic mica is seen replacing turbid feldspar,

forming also a very fine grained mosaic of quartz with some

topaz and purple fluorite. There is no cassiterite but; it

is rich in yellow anhedral sphalerite which also forms a vein

cross-cutting the inicas. In contrast to sample A there is

almost no chlorite.

In thin section sample C shows a more patchy

distribution of quartz grains, which are smaller than in

previous samples and shows kaolinised feldspar. It is

darker in colour than the other samples and this is due to

an abundance of extremely fine-grained pale green mica

associated with white mica and some chlorite, which is

equally fine-grained. These are too fine-grained for

identification. A little brown biotite survives and is

overgrown by pale green mica, which is probably siderophyllite.

This may also be overgrown by a white tri-octohedral mica

which is probably protolithionite. Fluorite forms one

large patch, there is no cassiterite and only a little

sphalerite.

Sample D is partially altered granite. The quartz

grains are medium sized, similar to those in sample A. The
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feldspar is largely unaltered although local incipient

alteration to sericite takes place. Ragged plates of

surviving inica are small and partially chloritised. Small

green flakes probably siderophyllite, pleochroic from dark

green to colourless also occur but neither are abundant.

From the cross-section it is obvious that the ore

minerals are rich locally, cassiterite being richest

marginally and sphalerite richer towards the centre of the

vein, which is contradictory to evidence found in Liruei

where sphalerite may be marginal. It is not completely

understood why partially unaltered feldsfjar is in the centre

of the greisen whilst it has been completely replaced at

the margin. It must be concluded that the ascending

greisenising solutions did not affect the host rock uniformly,

since the controls of ore deposition were obviously changing

within the channel in response to changing conditions of

temperature, pressure oi" wall rock reaction during migration

of fluid through the system. It seems probable that within

the wall rocks adjoining the channel transfer of chemical

components is probably chiefly by diffusion so that chemical

gradients will be different around different minerals in the

altering rock. The most important changes taking place

probably relate to H+/OII balance. Hydrogen metasomatism has

obviously been important; firstly, in the chloritisation of

the biotite and secondly, in sericitisation of the mica (Meyer

& Hetnley 1967). The level of H+ metasomatism can only be

maintained in an ore deposit if the temperature is increasing

upward or if oxidation, oviag to mixing with oxygenated

ground water produces more highly ionised sulphuric acid from

less ionised H0S. As both factors are probably involved,
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local variations in the effect of hydrogen metasomatism are

bound to occur and would possibly expleiin why chloritisation

has been more extensive adjacent to the margins of the vein.

Meyer and Hemley (1967) show that there is a close

correlation between hydrogen metasomatism and high sulphur

fugacity in the sulphide assemblage and that strong H meta¬

somatism exists only when the S/0 fugacity ratio is relatively

high, not merely when oxygen fugacity is high. Therefore,

changing content of total sulphur in the hydrothermal

solution is probably responsible for variations within this

mineral assemblage. Localised removal of sulphur from the

ascending solutions by the wall recks may account for lack

of sulphide deposit along the western margin. This relatively

high sulphur fugacity would also explain the lack of wall rock

reddening as very low sulphur fugacities and higher oxygen

fugacities are favourable to haematite formation. High

sulphur ratios also favour the stability of chalcopyrite as

opposed to pyrite (Sales and Meyer, 19^8). However, the

mixing of the ores observed strongly suggests that rapid

changes in pressure and temperature dominated over these

slower, nearly steady srate reactions.

Dawa

Eight hundred metres south-southeast of Barakin Dawa

(Figs. 18 and 21) riebeckite-feldspar porphyry contains

replacement veins near its contact with a fine-grained off¬

shoot of Rishi biotite granite. The host porphyry is

characterised by phenocrysts of pink feldspar up to 1 cm

long with quartz and occasional laths of blue riebeckite set

in a fine-grained dark groundmass. The adjacent fine-grained
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Fig. 21.

granite has a variable texture and when altered the feld¬

spars are replaced by quartz, mica and topaz producing a

rock which is less micaceous and finer grained than altered

porphyry. The replacement veins in the porphyry are very

micaceous and many of the feldspar phenocrysts have been

preserved although they are rather rounded.

At locality 110 mineralised veins parallel to the

porphyry contact can be seen in a series of pits excavated

in the hillside, the most persistent of which consists of a

vuggy quartz vein 8 cm' wide with selvedges of altered wall

rock 30 cm wide which can be traced up the hillside for 25
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metres. Mineralisation is sjooradic. Cassiterite is

localised and is very fine-grained. It is most abundant

in the grey veins in association with small crystals of

yellow or brown sphalerite, and pyrite also occurs

occasionally. The quartz rich parts of the vein system

are reddened with haematite. Genthelvite occurs in thin

red, greasy-looking streaks up to 5 cm long in altered

porphyry adjacent to joint planes crossing the porphyry dyke.

South of Dawa (Fig. 1.8) the margins of the granite

outlier are extensively reddened or slightly altered along

joints and fissures, but at locality 111 in the south-east,

reddened quartz veins and grey, siliceous mineralised veins

with a remnant granitic texture have been worked for tin.

Minor sporadic mineralisation is apparent although it seems

insufficient to warrant working. The veins are more

siliceous and coarser grained than those at locality 110.

In addition to cassiterite and sphalerite a little chalcopyrite

and traces of molybdenite were found.

In the extreme south-west corner of the granite, tin

bearing quartz veins and vertical replacement veins trending

between north-northeast and northeast have been worked

extensively for cassiterite along a strike distance of

approximately 2p metres. Genthelvite occurs in the veins

that lie within 30 metres of the granite contact, rapidly

dying out at a greater distance. Taylor (1961) also records

phenakite in association with the genthelvite at this

locality. No copper or zinc minerals were collected here

but cassiterite is abundant. These veins are siliceous and

similar to those from locality 111 above. On the hillside

immediately to the west of Barakin Dawa an area of

extensively mineralised porphyry is proving to be a rich but
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sporadic source of tin. The lode at locality ll-'i, near the

contact between riebeclcite-porphyry and aegirine-arfvedsonite

porphyry has been the source of a massive lump of pure

cassiterite weighing over 130 kilos and was currently producing

cassiterite when visited. The lode trends northwest parallel
~~7

to the porphyry contact; excavations have destroyed much of

the major lode in situ and it is difficult to estimate its

width. Altered host rock grades into a streaky variant

which ajapears to become fine-grained in part and has either

micaceous bands or pods, rich in cassiterite, within it.

Unfortunately sampling has largely been confined to pit heaps.

An analysis of the greisen whole rock gave only 0.05/j SnO,,

which shows that the cassiterite distribution is sporadic.

The major element analysis proved very similar to

that of a sample collected at locality 117 Ladini. See

Appendix 12.

Parts of the fine-grained variant become very sulphide

rich with abundant sphalerite and chalcopyrite accompanied by

molybdenite in the altered wall rock. Cassiterite also occurs

and in thin section is shown to be associated with fine-grained

clusters of fine-grained brown or blue-green mica, and fluorite

is a common but minor accessory. (photo 12).

Further down the hillside at locality 113> numerous

steeply dipping quartz-mica veins cut the porphyry. The one

photographed is 2 cms wide trends 230° and dips 7^°« It

consists of a central dark micaceous band enclosed by glassy

quartz surrounded by a thin selvedge of greisen less than

half a centimetre wide on either side. In contrast, a

narrower quartz-mica vein only 1 cm thick trending 330° and

dipping at 50° has a 2 cm wide greisen selvedge.
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Photograph 12. Locality 113. Quartz-mica vein, 1 cm
wide with a 2 cm wide greisen selvedge greiding into altered
host rock.

Samples from some of the veins in this area show

features slightly different from those observed in veins

elsewhere. In addition to quartz, mica is extremely

abundant; it may be in the form of srnall sericitie flakes

associated with a little fine-grained topaz and quartz, or it

may form large white or pale-green flakes with haematite

formed along the cleavage traces. Microprobe analyses

indicate that both white and pale green varieties are

siderophyllite although optically the white mica would

appear to be protolithionito. In other specimens the mica

is in the form of large brownish-more iron rich-mica, which

is undergoing chloritisation. Pluorite is abundant in some

specimens and these also show the highest concentration of



Photograph 13» A photomicrograph of a sample from locality
113» Dawa, shows sphalcx-ite, full of inclusions, adjacent
to molybdenite (opaque, centre). Cassiterite (top right) is
also abundant. The groundmass is composed of blue-green
siderophyllite replacing biotite with haematite along the
cleavage traces, quartz, fluorite and siderite. x 20.

Photograph 14. Photomicrograph of a greisen from locality
115 Ladini showing cassiterite with blue-green siderophyllite
and large quartz grains, x 20.
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ore minerals, particularly sphalerite. In addition,

siderite has been observed in several thin sections and

secondary feldspars, probably adularia, which have grown

at a late stage in mineralisation are not uncommon although

in other complexes this feature is rare.

Ladini

South and south west of Ladini (Fig. 22) the fine¬

grained margin of the Rishi biotite granite contains numerous

i _ -. - - - - — ■

Fig. 22.

ised veins which extend into the surrounding aegirine-

onite porphyry. The majority of the veins have

to be greisens which are grey and very siliceous,

nally becoming black in very micaceous segregations.

mineral

clrfveds

proved

oc casio

Cassiterite is the only mineral that occurs abundantly.
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There is an abundance of these veins as Fig. 22 indicates,

and each of these localitd.es may contain many veins. Only

a few of these veins have been chosen for detailed descript¬

ion.

At locality 115 a 2 metre wide, light grey, siliceous

greisen with a granitic texture trends 230°, parallel to the

granite/porphyry contact. Occasionally thick books of sidero-

pliyllite reach 5 mni in size, although they are not usually

greater than 2 mm. In thin section the mica is blue-green

in colour and replaces original brown biotite with haematite

along the cleavage traces. Smaller flakes of blue-green

second generation siderophyllite do not show brown cores.

A few clusters of unaltered brown biotite with interstitial

fluorite remain. Quartz is abundant as large anhedral grains

with a little interstitial fine-grained topaz. Small

rounded cassiterite crystals occur within the micaceous

clusters. (photo 1^).

Further south, at locality 116 the east-west trending

greisen - also parallel to the granite/porphyry contact - is

very similar to that at locality 115 but occurs within

porphyry host rock.

Extensive workings expose both a horizontal and at

vertical greisen in granite at locality 117- The extent of

the greisenisation appears to be due to the flat lying q

joints in the granite which have been greisenised as well

as the vertical dyke-like form which trends approximately

2k0°. Generally the greisen is grey and very siliceous, but

black micaceous lenses very rich in. cassiterite occur. The

cassiterite which is strongly zoned and twinned is concentrated

in the mica clusters and is occasionally associated with a
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few small patches of fluorito. In thin section mica from

the lenses is blue-green which on analysis proved to be

siderophyllite (see Appendix 6 ), and only a few relics of

brown biotite remain. The abundant quartz, which has been

completely recrystallised and has a metamorphic texture, forms

medium sized anhedral interlocking grains except within

the mica clusters where it forms a mosaic of interstitial

granules.

The normal grey greisen in thin section has character¬

istics similar to the one described from locality 115.

It is not possible to determine the thickness of the

horizontal greisen although it is known to be at least 1

metre thick. The overlying granite has become very altered

and friable for approximately 0.5 metres. Locally however,

the upper contact is irregular with no such alteration of

the granite. A coarse pegmatite, composed of oligoclase up

to 1 cm across, quartz, siderophyllite, gentlielvite and

rare black crystal clusters of uraninite - 1 mm in size,

can be found on the spoil heaps bait riot iri situ. Since

the upper contact of the greisen is exposed and there is no

evidence of pegmatite at this contact it is presumed that

the pegmatite horizon either underlies the greisen or forms

pods or lenses within it. It seems possible that there was

an accumulation of greisenising fluids along one of the

horizontal joint planes, and subsequent migration of these

fluids ujrwards along vertical joints to a higher level would

have left a void in which large crystals could grow. Two

greisens from this locality were analysed (Appendix 12).

One (5 Lad) was light grey in hand specimen and obviously very
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siliceous, the other (5A Lad) being dark greenish grey,

almost black in hand specimen and obviously more mica rich.

Thin sections show the light grey sample to be composed of

abundant large anhedral quartz with occasional small

interstitial topaz grains. The scattered mica flakes are

predominantly blue-green and are clearly replacing brown

mica with the formation of haematite along cleavage traces.

Some brown mica survives and is associated with fine-grained

clusters of fluorite. Cassiterite occurs as small rounded

grains.

In contrast the dark micaceous greisen contains less

quartz and is exceptionally rich in cassiterite. The blue

green mica which has a higher RI than the brown mica has

virtually replaced the latter. Cassiterite distribution is

related to that of the mica and twinnei and Zoned crystals

are found adjacent to mica flakes or within mica clusters.

Crystals are generally brown at the centre and colourless at

the margin. Analysis of the micaceous greisen showed an

SnO^ content of 0.88^, in contrast to the siliceous 'greisen
(5 Lad) above, which contained only O.lb'p. Increased mica

is reflected in the chemical analyses, which show increased

alumina, total iron, potassium and lithium content with a

3&jo decrease in silica in comparison with the siliceous

greisen. A photomicrograph of the micaceous greisen is

shown in Photo lb.

It is considered that the light grey siliceous

greisen has been affected by silicification which is

responsible for the much increased silica content.
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Summary

Mineralised veins related vo the Rishi biotite

granite show a wide variation in size and mineralogy. These

mineralised veins contain a mixed assemblage of ere minerals

which may include sphalerite, cassiterite, chalcopyrite,

galena, pyrite, monazite, greenockite, chalcocite, covellite,

genthelvite, phenakite, arsenopyrite, molybdenite and

uraninite. All the veins are near the contact between the

Rishi biotite granite and earlier rock types and are

locally parallel to the contact whether they occur within

or outside the granite. In the Dawa area where the veins

occur in the porphyries they are believed to be related to

the granite at shallow depth.

In the larger veins there does appear to be a crude

zonation of ore minerals, with cassiterite marginally

deposited and sphalerite and other sulphides centrally

placed, although it is also possible to firiG sphalerite

in partially altered host rock. In the smaller veins there

appears to be more definite zoning with a dark cassiterite-

rich micaceous band enclosing a central quartz vein, both

of these being surrounded by a thin selvedge of greisen.

It was originally believed by the writer ihat each

of the mineralised veins was of a distinct type - e.g.

quartz-chlorite-biotite, quartz-siderophyllite-topaz or

quartz-mica-fluorite, but from the samples that have been

taken across the wider replacement veins it appears that

each of these variants may occur within one vein without

any obvious zonation, and it therefore appears that the

host rock was not affected uniformly by the mineralising

solutions and that mineralisation has proceeded in several

phases.
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Of the veins that do a|jpear fairly uniform in

composition, the more siliceous, light grey granitic

textured greisens ( > SOft quartz) are less rich in sulphides,

and usually less rich in cassiterite too, than the dark

coloured, finer grained less siliceous greisens ( <65/0

quartz). In the light coloured greisens cassiterite may

occur, closely related to mica distribution, and in the

extremely mica-rich greisens the cassitcrite reaches its

highest concentrations.

Minor Areas.

In addition to the areas that have been described

from the Liruei and Saiya-Shokobo complexes where mineralised

replacement veins occur in abundance, there are numerous

widely scattered mineralised veins throughout the plateau,

some of which have been worked for cassiterite.

Mineralised veins in the Bukuru area have already

been described in Chajjter 2. They proved to be far more

abundant than anticipated and further work in some of the

other complexes may reveal a similar abundance of mineralised

veins. Descriptions of a few vein mineralised localities

on the Plateau are included here as an indication of the

similarity of these replacement veins to those from a wide

area of the younger granite province.

Rafin Jalci

Stockworks in the hills south-east of Rafin Jaki

(Fig. 23) can be reached by turning off the main Jos-Bauchi

road onto a small bush road between the Bauchi State and

Plateau State notice boards. Between the road and main

scarp two areas have been worked for primary and alluvial

tin - visible tin is coarse grained, + 23 mesh and is black,

highly lustrous and commonly twinned.



Fig 23 Location of the minor replacement veins
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The stockworks occur at the contact of gneiss and

granite porphyry with a later ap.lite. The aplite trends

north-northeast and appears to be 7"^ metres wide. It has

a granitic texture whilst the earlier porphyry contains

phenocrysts of pink feldspar in a finer-grained groundmass.

Silicification and a little greisenisation is

apparent along fractures and crystals of cassiterite with

a little wolfram can be found at the points of maximum

alteration. Thin quartz veins, which do not show a distinct

comb structure characteristic elsewhere, may also carry

cassiterite. Pyrolusite may be seen forming a brotmish

black dendritic growth on the fracture surfaces of the

ap.lite and botryoidal malachite also forms a coating on many

aplite surfaces although no primary copper minerals were

observed by the writer. MacKay e t al.. , (19^9) record

chalcopyrite, bornite and a little galena from this locality.

Jarawa Hills

In the Jarawa granite (Fig. 23), 25 km east-south¬

east of Jos, Berridge (in Buchanan e_t al. , 1971) describes

extensive mineralisation with cassiterite, wolfram,

molybdenite, helvite and topaz and concludes that the

present erosion surface is close to the roof of the

intrusion. Extensive mineralisation was not observed in

the course of the writer1s brief visit, although alteration

along joint planes was observed in several localities.

Near Jala village on the west bank of a deeply

incised stream, a lenticular pod of altered granite

trending ilO° follows a prominent joint direction. It can

be followed over kO metres and is on average about 3 metres

wide and vertical in attitude.
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Discontinuous streaks of genthelvite occur parallel

or subparallel to the long axis of the replacement body

and may be separated by up to a metre of barren quartz.

Fine-grained mica is distributed sparsely through the quartz

and no other accessory minerals were observed. The

genthelvite is dark brownish-red in colour when fresh but

tends to be rather rusty and decomposed to a mixture of

Fe and Mn oxides. It may occur as an irregular knot up to

2 cm across replacing the quartz or form euhedral crystals

3 mm in size. Weathered hollows with a characteristic

triangular cross-section indicate the abundance of genthel¬

vite at this locality. Alteration of the granite along

joint planes is limited to the Rudos, Dogon Daji, Zebir and

Zundi areas and only in the Rudos area was any primary

cassiterite visible. However, coarse alluvial cassiterite

is common in the Dogon Daji and Zigam areas.

The greisens visibly consist of quartz, green biotit

and topaz. Abundant large water worn pebbles of topaz can

be found along the Zebir River.

Ropy Hi11s

Yelwa adit (Fig. 23).

Replacement veins and alteration along joint jjlanes

can be seen in the Yelwa pyroxene granite. The veins are

directly related to the underlying sheet of Kaskara biotite

granite and the horizontal contact between the two granites

can be seen below the adit. The veins do not appear to

cross this boundary but can be traced to a few metres above

it. See photo 15. The veins are essentially vertical and

trend 220°. The broadest of these is 1.5 metres thick and

has been mined by adit into the hillside for approximately



Photograph15»Yelwaadit,with veinsaredirectlyrelatedtothe
replacementveinscuttingYelwapyroxene underlyingKaskarabiotitegranite.

granite.
The
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100 metres and several others have been mined for lesser

dis tances.

The fine-grained grey vein has the characteristic

quartz veins either marginally or centrally placed and they

may be massive or possess a comb structure. The central

massive quartz vein is visibly rich in cassiterite and

crystals up to 3 mm in diameter were collected. Sphalerite

and galena are abundant in the mineralised vein and azurite,

molybdenite and malachite occur in small amounts - no primary

copper sulphide minerals were observed in hand specimen.

However in the host rock marginal to the broadest vein,

disseminations of native copper were collected. The

largest of these disseminations was 3 mm across and of

negligible thickness - the colour was that of a newly minted

'copper' coin.

Locally the veins become very micaceous and there is

a corresponding darkening in colour. Pods of almost pure

mica are found as infilling towards the centre of the veins.

The host rock has been reddened for a short distance

from the veins and reddened joint planes at 320° are common

where no veins are apparent.

In thin section one of the veins is shown to be very

siliceous with large interlocking quartz grains forming > 80^,

of the rock. The mica is very pale yellowish brown,

pleochroic to almost colourless; aggregates of small

plates form clusters which have survived from the original

granite. Frequently the cleavage traces are enhanced by

haematite. Accessory fluorite occurs within the mica

clusters and a euhedral monazite crystal, surrounded by a

pleochroic halo occurs in a mica flake.
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Ropp Dome

Several small veins occur in a mineralised zone

in the Ropp Dome (Fig. 23) area of the Ropp complex. They

are found in the Gana biotite granite which is almost

identical to the Ngell granite of the Jos complex and is

related by Black (1959) to the underlying sheet of Buklca

Balcwai biotite granite.

A sample was collected from a vein about 1 km north

of Ropp Dome, from a pit where the rock was being worked for

tin. The sample is greyish in colour and fine-grained with

abundant disseminated cassiterite, pyrite, sphalerite,

chalcopyrite and traces of molj'hdenite and galena. An

analysis of the ore content of the sample shows a cassiterite

content of

The width of the vein is approximately 30 era and a

central discontinuous zone of mica pods was proving to be

cassiterite rich on mining. These micaceous pods appear

identical to those described in the Dawa eirea.

In thin section the vein sample shows abundant

sphalerite apparently of two generations; large deep red

anhedral patches are abundant and may be surrounded by later

small rounded grains or aggregates which are colourless.

As in many other veins the feldsjjar has been completely

altered to topaz and sericite with quartz whilst the

original quartz remains unchanged. A little brown biotite,

occasionally clustered, survives and is pleochroic from

medium greenish brown —=* pale greenish brown —» pale green.

Accessory fluorite appears to survive from the granite.

Whole rock analysis of the sample gave the following results:
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si°2 57 • l°p

ti°2 0.1

a12°3 14.1

total Fe as FeO 4.3
Sulphides

MnO 0.13 Cu 0.31$

MgO 0.02
'

Zn 2.82

CaO 0.1 Fe 2.31

Na20 0.1 Mn 0.05

k2° l,o4 Cd 483 ppm

Sn°2 5.47 Pb 7 7 ppm

h2°+ 0.56

83.62

Li 170 ppm

Be 6 ppm

The low total is due to the sulphur content; an

analysis of the sulphides content is shown above.

In comparison with the Rishi vein the alumina content

is higher and the total iron content lower despite the amount

of pyrite and sphalerite. The increased alumina content can

be directly related to the greater proportion of topaz in the

Ropp sample and the decreased iron is related to the low

percentage of 'original' mica.

Merit/Balfour Hill.

Mineralised fractures and joint planes are found in

the Merit area of Balfour Hill (Fig. 23) orientated north-

south with very short strike length. They are parallel to tb

contact between the quartz porphyry and Yelwa pyroxene

granite. In colour they are almost white, and apart from a

few grains of cassiterite no ore minerals are apparent. In

thin section they are seen to consist of very fine grained
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brown mica which is probably a Li-Fe biotite, quartz and

a little topaz.

South of Balfour Hill, north-south orientated quartz

veins in basement are locally wolfram and cassiterite rich.

The veins in the basement both here and at Tenti lie within

k$0 metres of granite - similar to the mineralised quartz

veins in basement at Rishi. The veinlets and stringers are

very narrow and the distribution of cassiterite and wolfram

is very uneven. The ratio of cassiterite to wolfram is not

known.

Tenti

Black (1958) believes that the walls of the South

Ropp/Tenti dyke are extensively mineralised on account of the

repeated injection of biotite granite along the fissure.

Small quartz stringers carrying cassiterite are found at

the contact between the Ruku riebeckite-biotite granite

porphyry ring-dyke and the basement.

Summary of Minor Areas

These areas of minor importance, widely scattered,

demonstrate how mineralising fluids utilise vertical fractures

in the host rock whether the host is basement - e.g. Rafin

Jaki-or biotite granite- e.g. Yelwa Adit. At the latter

locality it is evident that the replacement veins are related

to an underlying granite rather than clan host rock. Heir

(197^) also describes mineralised veins in the Gindi Akwati

area of the Ropjj complex which have utilised fractures within

the basement. In all these areas the replacement veins are

vertical. They may also be parallel to granite/basement
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contacts except for the Jarawa. Hills area, where mineral¬

isation appears to be related to the roof of the intrusion.

At all these localities, cassiterite appears the

dominant ore mineral of the replacement veins although

sphalerite is abundant in the Yelwa Adit and Ropp Dome areas

of the Ropp complex. Nowhere, however, has massive sphaler¬

ite been found akin to that from the Dutseri Rishi or Liruei

areas.

There is no implication intended that as these are

the only replacement veins described from a wide area of the

Plateau, that these are the only ones to exist. These veins

were studied and included as a comparison to the sulphide

rich veins of the Rishi area and the Liruei complex.

Replacement veins are known to exist in the Sara-Fier and

Sha-Kaleri complexes and probably also in the Ganawuri and

other complexes, but sufficient areas had been examined to

provide a basis for an understanding of the processes

involved in mineralisation. Also it is unlikely that a

major lode is yet to be discovered at the surface.
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Summary of Conclusions.

During late Frecambrian, geosynclinal deposits

were laid down in Central Nigeria on a crystalline complex

probably at least 2,000 my in age. Two successive phases

of deformation and metamorphisrn, with migmatisation and

reactivation of the crystalline complex and metasediments,

resulted in a suite of orogenic granites (the older granites).

Dextral wrench faulting and north-south upwarping

during the Lower Palaeozoic was followed by extensive

erosion during the Upper Palaeozoic.

The anorogenic Jurassic granites of Central Nigeria

(the Younger granites), which were intruded at a high level,

form over 40 individual complexes which are concentrated in

a 200 km wide north-south zone. This zone is structurally

controlled by the main Pan-African trends in the basement

and is aligned with the zone ailong which crustal separation

of southern Africa and South America took place in Mesozoic

times. Chronological evidence confirms a sequential age

trend from mid-Palaeozoic for Air in northern Niger to

late Jurassic for Afu in the south of Nigeria.

The Jurassic granites belong to two related but

sequential evolutionary trends which are thought to have

evolved from a syenitic or more basic parental magma.

The early alkaline trend is characterised by granites

containing the iron-soda minerals aegirine, riebeckite,

aenigrnatite and arfvedsonite. The agjjaitic index is >1

and tic and occasionally ns appear in the nomn. In contrast

the late auminous trend is characterised by granites

containing the iron-calcium-aluinina-minerals, hastingsite

and biotite. Cassiterite and columbite are related to the

latter. The agpaitic Index is < 1 and c and an appear in
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the norm.

A series of sediments and tholeiitic lavas were

laid down over a xiride area of the plateau., probably during

mid Tertiary, and these were followed by the extrusion of

alkali basalts of Quaternary age (newer basalts).

This succession was examined in part of the Jos-

Bukuru Complex, west of Bukuru, first on aerial photographs

and then on the ground. The air photographs, at a scalep

of 1:10,000, were used to make a base map, to draw a

preliminary geological map and to select areas for ground

examination. Areas covered by basalt and Tertiary sediments

proved readily identifiable on the air photographs and

whilst some of the Jurassic granites could also be identified

in small outcrops it was only found possible to distinguish

some differences when two granites are in contact. Areas

underlain by basement rocks could sometimes be mapped,

especially if they were granitic. The photography proved

a useful aid to locating ore-bearing veins. Whilst

individual veins could not be recognised on air photographs,

potential areas containing mineralised veins could be

located in some granites as areas which showed an unusually

close pattern of joints.

In the Bukuru/Ngell valley area the Basement was

shown to include granitic gneiss, porphyritic hornblende-

biotite granite and fine-grained niusccsvite granite with no

ore mineralisation.

The Jurassic granites which were intruded into these

rocks ca. 16p my ago show sharp contacts and rapidly cooled

margins against the older rocks. They are richly

mineralised with columbitc and cassiterite. Small amounts

of columbite are dispersed through alii the granites but
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galena, in mineralised veins which cut the granites. It

is postulated in this work that the biotite granites which

had previously been divided into a number of separate

intrusions are variants related to two major intrusive .

phases and that the mineralisation is related to marginal

and roof zones within these intrusions. It is further

concluded that the Jos-Bukuru and Ropp complexes may belong

to the same batliolith at shallow depth thus offering an

explanation for the similarities between sequence of

intrusions and comparative abundance of mineralisation.

A period of erosion and de-position during the

Tertiary followed the intrusion of these granites. Remnant

mesas of this series are composed of fluviatile sedimentary

rocks of which the basal sandstone is rich in derived

cassiterite.

Two alkali basalts were extruded in Recent times

after the Plateau had more or less reached its present

day topography and the flows infilled broad, shallow-

valleys, thus burying tin rich sediments. The flows have

also preserved thick Quaternary sediments which are partly

fluviatile and partly lacustrine in origin and also contain

cassiterite and columbite.

Mineralisation studies completed in the Bukuru/Ngell

valley area were continued in the Ropp and Saiya Shokobo

complexes and led to a niox,e detailed investigation of

mineralisation in other rock types.

It is concluded that the peralkaline granites have

only one dispersed phase of mineralisation. This is

thought to be due to the retention of water and volatilos

by a peralkaline magma until late stages when a residual

liquid separates and modifies the partially crystalline
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In contrast there are two distinct stages of

mineralisation related to the cooling and consolidation

of biotite granites; an early dispersed (apogranitic)

phase and a later metasomatic replacement-vein forming-

stage .

The development of columbite in the Younger Granite

province is related to the apogranitic stage, which is a

late-magmatic, pre-joint phase of mineralisation. Re-

crystallisation, effected by a new growth of microcline and

albite, is accompanied by an introduction of xenotime,

thorite, and hafnium and uranium rich zircon. Only three

areas are known to have enhanced columbite values and

samples collected from two of these areas showed a varying

Nb^O^ content from less than 30 ppm to over 2,500 ppm with
high ThO^ values in those samples with an elevated Nb^Oj.
content. In general, columbitc mineralisation is not

accompanied by an extensive precipitation of cassiterite.

In contrast with the apogranitic phase, the

replacement vein mineralisation is post-raagraatic and

predominantly post-jointing. The veins consist of quartz,

Li-Fe or Li-Al biotite, topaz and/or fluorine. In addition

to a high cassiterite content in some of the veins, a mixed

assemblage of any of the minerals spohalerite, chalcopyri t e,

galena, pyrifce, monazite, greenockite, chalcocite, covellite,

native copper, genthelvite, phenakite, arseno-pyrite, moly¬

bdenite, bismuthinite and uraninite may occur. These veins

have been studied in detail in a number of complexes and

it is concluded that sphalerite is the most abundant ore

mineral, followed by cassiterite and chalcopyrite, whilst

the other ore minerals arc found in much lesser amounts.

Further it is concluded tliat these veins are generated by
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biotite granite magmas and may be found in basement,

pyroxene or fayalite granite and riebeckite porphyry which

surrounds or overlies biotite granite. Veins arc only

abundant, however, in medium to fine-grained biotite granites.

Within these replacement veins there are definite

stages of alteration affecting the host; rocks. During

argillic alteration, which is the first phase, there is a

partial alteration of feldspars to clay minerals. This

is followed by chloritic alteration when the original

biotite of the host rock is chloritised and a massive input

of fluorine may introduce a complex assemblage of sulphide

ores in addition to some cassiterite. This is the main

phase of ore deposition. During sericitic alteration,

which follows the minor chloritic alteration, sericite is

formed as a result of feldspar breakdown or by hydrogen ion

metasomatism of the chloritic mica, anc3 only minor amounts

of ore minerals occur, usually sphalerite or galena.

Greisenisation postdates this phase ancl is characterised

by the development of new alumina minerals (topaz and

siderophyllite or protolithionite) in association with

quartz and the disappearance of sericite. Cassiterite is

the only ore mineral common in the greis en-stage of vein

formation. Finally, silicification may affect the veins

formed by the previous stages, or thereo may be a development

of quartz fissure fillings, sometimes writh cassiterite and

occasionally with wolframite and sphalerite.

The Liruei lode is the largest mineralised body in

the Younger granite province and as such has received most

attention. It is rich in sphalerite and cassiterite and

contains up to 2$ of zinc and 0. 5^ of Sn. Chalcopyrite and
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galena occur widely whilst bismuthinite, molybdenite, and

wolframite are also recorded. Despite localised concentration

of certain ores there is no appax'ent donation of ores either

along the strike or at depth.

Within the Saiya-Shokobo complex the Rishi biotite
2

granite covers an area of approximately 12.5 km .

Mineralised replacement veins related to this granite are

abundant and show a wide vai-iation in size and mineralogy.

All the veins are near the contact between the Rishi biotite

granite and earlier rock types and are locally parallel to

the contact whether they occur within or outside the granite.

In the Dawa area where the veins occur in porphyries they

are believed to be related to the granite at shallow depth.

Other areas of minor importance which are widely

scattered demonstrate how mineralising fluids utilise

fractures in the host rock whether the host is basement or

Jurassic granite. In some cases it seems likely that the

veins in one biotite granite have been generated by the

intrusion of a later biotite granite phase emplaced at

deeper levels (e.g. Liruei). This mechanism may account for

the distribution of the veins that appear to have no

definite spatial relationship to the host rock.

It is concluded therefore that whilst the sequence

of mineralisation in central Nigeria has its analogues

elsewhere in the world the style of mineralisation is rather

different. The sequences of alteration during mineralisation

are the reverse of those described by Stemprok for the

Bohemian massif. The degree of sericitic alteration in

Nigeria in comparison with other provinces is very weak, and
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fux-thermore the advanced argillic and prophylitic stages

of alteration recorded in other regions does not seem to

occur in the Nigerian setting. These contrasts may be

fundamentally related to the tectonic environment, source

and origin of the magmatic liquids and residual fluids.
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Appendix 1 Determination of Tin in Decomposed
Mineralised Granites by Atomic
Absorption Spectrophotometry.

Summary This is a rapid technique in which the rock is dried,
powdered, and a portion heated with ammonium iodide.
The volatile tin iodide sublimes and the sublimate
is dissolved in dilute hydrochloric acid. The
solution is sprayed directly into the A.A. Spectro¬
meter.
This method has a detection limit of 20ppm Sn.

Method Break up the rock sample into small chunks and place
in a flat vessel for drying. Heat the broken sanqjle
in an oven at 120 C for about 2 hours, or until dry.

Powder down the dry material to approximately 200 mesh
in a TEMA mill, mix well and bottle.

Weigh out approximately Ig. accurately and transfer to
a dry 180 x 18 mm Pyrex test tube by means of a funnel.
One gram of ammonium iodide is added and mixed with
the powder using a long spatula.

Stopper the test tube with a one-holed rubber bung
and heat the end of the tube in the flame of a bunsen
or Meker burner. The tube sliould be moved in and out
of the flame, with occasional shaking to promote an
even gentle heating.

The volatile components vapourise and condense on
the cooler parts of the tube. When the activity
cases the test tube is allowed to cool.

Pipette 10 mis of 1M hydrochloric acid into the test
tube and shake to dissolve tiie sublimate.

Stopper the test tube and immerse it into a bath of
water at 60-70 C for an hour to ensure complete
dissolution.

Shake the test tube to homogenise the solution and
allow the sediment to settle.

The supernatant liquid is then sprayed into the A.A.
Spectrometer and the results compared to a range of
tin standard solutions.

The working range is 5 ^ug/ml - 200 yUg/ml. Sn.
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Determination of Niobium in Decomposed Granites by X-Ray

Fluorescence.

Summary

This is also a fairly rapid method in which the sample

is prepared and pelleted for XRF.

Me thod

a) Initial Preparation: The rock sample is crushed into

small chunks and placed in a flat tray for drying. The sample

is heated in an oven at 120°C for at least 6 hours to ensure

dryness.

The dry material is then powdered down to approximately

200 mesh in a Tenia mill, mixed well and bottled.

A pellet is then prepared for the XRF process in the

following way.

b) Disc preparation: The pellet press which is used in

this process consists of a base, an evacuatable die, 2 stainless

steel discs, one stainless steel rata, a soft iron ram and a

perspex collar. The base die are fixed together and one of

the steel discs is placed in the bottom of the dish. A large

teaspoon of boric acid crystals are placed in the die and a

cup-shaped impression is formed in the crystals by using a

soft metal ram to a pressure of 2000 lb per sq. inch in a

metallurgical press.

2.7 grms of the sample powder of approximately 200

mesh are weighed out. The weighed powder is transferred to a

mortar and two drops of distilled water are added to assist in

binding the powder. This water is then evenly distributed

throughout the powder and the powder transferred to the die.

Care is taken to- ensure that the powder is enclosed within

the boric acid 'cup'.
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The second steel disc and steel ram are now added in

the die he powder is compressed in 30 ton press to a

pressure of 20 tons for approximately 10 seconds, with a

vacuum pump evacuating the dye during compression. The

pressure is gradually released

The die is removed from the press, inverted and the

base removed. The perspex collar is placed over the bottom

disc and slowly pressure is applied by the metallurgical press,

ensuring that the ram and the discs are in position.

The two discs and the pellet will emerge from the top

of the die.

c) XRF procedure; The peilet is passed through the XRF,

under optimum conditions, and the peaks displayed on a recorder.

The peak heights are then calculated from the print out and

plotted on a graph of concentration/peak height, which has

previously been calibrated using three standards.

Peak

Height

Concentration
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Chemical Analysis of Hastingsite

from Vom hastingsite-biotite granite

SiOr

A12°3

Fe2°3
FeO

MgO

CaO

Na20

k2°

h2o+

H2°

TiO,

P 0*2 5

CI

f

MnO

Less 0

38.08

7.67

6.4 l

28.81

1.09

9.45

1.85

1.52

0.65

nil

2.23

nil

1.98

0.58

0.54

100.86

0.69

Formula calculated to 230

Si 6.274)
A1 1.489) 8.000
Ti 0.237)

5.000

A1 -

Ti 0.039
Fe" • 0.818
Fe" 3.876
Mn -

Mg ' 0.267

Ca 1.668)
Na 0.590)
K 0.320J
Mn 0.075)
Fe" 0.09b)

2.747

100.17

Analyst: Mrs. G. Borley (Borley and Frost 1973) .
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Chemical Analyses and Norms

of some of the granites

1 2 3 4 5

si02 74.36 74.36 73.48 76.19 74.5^

al2°3 12.44 12.40 13.10 13.51 13.55

fe2°3 0.62 1.10 0.72 0.43 0.46

FeO 1.81 1.83 1.79 0.61 1.03

MgO 0.15 0.09 0.21 0.08 0.10

CaO 0.33 0.84 0.49 0.10 0.12

Na20 3.83 3.71 4.23 4.23 4.98

k2o 5.31 4.94 5.19 4.61 4.03

h2°+ 0 .38 0.30 0.35 0.13 0.29

H2°" 0.04 n.d. 0.03 0.15 0.24

o o
K3

0.14 - 0.06 0.01 0.03

T±°2 0.16 0.17 0.16 o.o4 0.02

Zr02 n. d. 0.03 n.d. 0.04 0.18

p2°5 0.01 n.d. 0.03 tr tr

CI 0.03 0.13 0.03 0.02 0.01

F 0.18 0.13 0.2o 0.22 0.16

S 0.01 - 0.01 0.02 0.01

MnO 0.06 0.06 0.06 0.01 0.02

99.86 99.96 100.14 100.40 99.75

Less 0 0.09 0.05 0.09 0.09 0.07

Total 99.77 99.91 100.05 100.31 99.68

Q 29.79 31.28 26.76 33.31 29.05

or 31.40 29.17 30.67 27.22 23.83

ab 32.41 31.42 35.77 35.77 42.16

an 1.06 2.59 1.45 0.50 0.58

C - - - 1.39 0.79

ac - - - - -

di 0.34 1.23 0.68 - -

hy 2.84 1.86 2.70 0.91 1.75

mg 0.90 1.60 1.04 o.63 0.67
il 0.30 0.32 0.30 0.07 0.05

74 Q n n n n n ,
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6 7 8 9 10 11

Si°2 73.2 70.4 75.5 70.1 75.4 7"675

Al2°3
Fe2°3
FeO

14.18 16.69 13.48 16.98 13.25 12.38

0.67 0.90 0.59 0.78 0.08 0.12

1.19 1.74 0.84 1.65 1.33 1.28

MgO 0.08 0.18 0.06 0 . 10 0.02 0.02

CaO 0.73 0.83 0.47 0.72 0.50 O.56

Na20 3.45 3.46 3.26 3.57 3 • 50 2.97

k2o 5.32 5.34 4.74 5.56 5.03 4.95

H20+ 0.4l 0.31 O.29 0.26 0.19 0.24

H2° 0.10 0.10 0.07 0.05 o.o4 0.11

Ti02 0.18 0.24 0.18 0.2 6 0.15 6.17

p2°5
MnO

0.03 0.04 0.00 0.03 0.02 0.00

0.02 0.03 0.01 0.03 0.02 0.01

22i5| 100^26 2 omion.11OilOilrH
II 22^22 22^21

12 13

Si02 70.05 75.52

Ti02 0.26 0.18

a12°3 16.98 13.48

Fe2°3 O.78 0.59

FeO 1.65 0.84

MgO 0.10 0.06

MnO 0.03 0.01

CaO 0.72 0.47

Na20 3.57 3.26

k2o 5.56 4.74

P2°5 0.03 0.01

P2° 0.26 0.29

to
0

1

0.05 0.07

ioo.°4 22 i21

Li 130 pprn 283

Rb 280 441

Sr 47 12

Y 44

Zr 275 250

Cu 130

Zn 124

Pb 33

U 22

Tii 22
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1. Shen hornblende fayalite granite - Jos-Bukuru Complex.

Analyst D.J.O'Leary (MacLeod 1971)*
2. Vom hornblende-biotite granite Jos-Bukuru Complex.

Analyst Mrs. M. H. Kerr (MacLeod 1971)•
3. Jos Biotite granite - Jos-Bukuru Complex. Analyst

D.J.O'Leary (MacLeod 1971).
4. Rayfield-Gona biotite-granite, Jos-Bukuru Complex.

Analyst G. Jefford (MacLeod 1971)•
5« Altered Rayfield Gona biotite-granite. Analyst G.

«r

Jefford (MacLeod 1971)♦
6-
12 Jos Biotite granite - Jos-Bukuru Complex. Analyst

R. Batchelor.

13^ Ngell Biotite granite - Jos-Bukuru Complex. Analyst

R. Batchelor.
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Analys i s of the micas from some of

y / the granites. Ja5k^*Jir>ish
6 11

y
2 3 / 4

Si°2 35.94 33.10 35.36 30.72 35-14 37.58

Al2°3 n.71 9.77 10.90 11. 54 6.44 15.43

Fe2°3 5.00 12.19 3.76 11.62 4.40 4.96

FeO 23.91 24.48 31.38 26.49 34 0 92 25.00

MgO 6.35 1.95 1,06 0.15 0.43 0.32

CaO 1.65 2.37 n. d . 1.70 0.97 1.15

Na20 0.42 0.4l 0.97 0.44 0.74 1.67

k2° 6.95 5.43 9.04 4.35 8.92 7.34

h2°+ 4.15 5.55 3.74 8.2 7 3.12 -

h2°" 0.03 1.94 n. d. O.27 0.06 O.52

Ti°2 3.33 2.96 3.04 3.04 2.87 1.42

P2°5 nil nil nil 0.06 0.03 tr.

F n. d. n. d. n. d . n. d. n. d . 2 .01

MnO 0.50 0.64 O.65 0.64 0.53 0.20

Li20 n. d . n. d . n. d . n . d . n. d .
_

99.94 100.55 99.90 99.29 101.04 101.85

7

37-38

.x.fo

11.89

4.38

28.65

0.22

0.16

0.39

8.78

1.84

O.67

1.84

n. d.

4.3 6

0,4l

0.77

97-60

Less 0

ftt

1.04 1.86
-2SA

72|-
-275
542

Formula

-n46 HwJ-231
2^ (d-it) Alb

calculated to 24

100.00

Si

Al

Fe" '

5.616

2.156
0.228 J

8.0

5.798] f4.744
2-107 S.62-106
0.095J (.1-150

Al
Ti

Fe" '

Fe"

0.392

0.360

3-124>
Mn

Mg

Li

0.066

1.476

0.354
0. 588

4lg.26S
0.054
0.464

J

>

0.374
O.368

72&-303£
0.091

0.259
- J

0.352

0.202

, 39^ * hr2~
0,084

0.034
- J

l.

99.99
-661
44 *

-654.

.05^ 6.03,
1.95/8.0 1. 9r

J S.(

0.93
0.17

0.64

75

104.912Z

0.29s
0.22

0.53 j
45i-36^.26 3'86 5.:

0.03

0.08

0.06

0.0 5

0.50,

Ca

Na

K

OH

0.276 0, 4o6)
6O0 LL

0.126>
\

1 • 106

5. 902

638 J2"

0.305s

I.892)
4.091

0.284)
201

0. 128)

0.172
268 b

0.2 4 0V

0.20
320

o, 52

0.013
,2.23

0.12 -

0.8 56/
8.544

1. 908J 1.51J

3.498),
V*1 inni

3.01

1.81

I . 08
/yo
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Analysis of the micas from greiscns and pegniat itic veins
OLDJ1coh\iCs

12^8

Si°2 39.2

a12°3 12.24

Fe2°3 2.98

FeO 29.0

MgO 0.03

CaO 0.15

Na20 0.10

k2o 8.15

h2°+ 2.28

H2°" 1.61

Ti02 2.58

F -

S —

MnO 0.43

Li20 1.40

99-57

Less 0 -22 L,
2.3*

Be 6ppm
Cr lOppiri

Zn l660ppm
Cd 6ppin

Si 6.3 6 j
Al 1.64J
Al O.69I
Ti 0.31

Fe" ' 0.39
I

Fe" 3.93

Mn 0.06

Mg 0.01

Li O.91

Ca 0.26)

Na
>

0.03

K 1.69^
OH 2.47

9

36.10

13.26

7.29

25.30

0.05

0.20

0.11

8.82

1.40

1.27

3.07

0.51

2.73

100.27

10

45. 50

10.'42

2.48

28.10

0.13

0.40

0.10

6.09
*

2.50

1.56

2.47

o.4o

1.96

98.87

254

113^

4l.ll

16.59
2.00

22.61

0.13

n. d.

0.16

9.92

1.12

0.29

0.30
— 5.49

O.67
I.85

102.24

I.85

99.93

19ppm

30ppm

3l40ppm
30ppm

calculated to 24

-324
332

42.24

19.62
2.02

18.64

0.08

0.11

0.14

8.84

2.35

0.48

0.18

5.02

0.02

0.30

1.90

101.94
2.11

99.83

124
4ot

13

43.60

19.09

2.57

14.80

0.10

0.21

0.18

9.54

4.58
0.82

0.88

0.84

3.34

98.93

„2 32PP-
4q2. lOppm

1350ppm
< 6ppm

6.71

.98 1.85

2.80

6.96 /6.30 6.2 2; J"6.l6
1.04 8-°° (1.70 1.78J 8.00|l# 84

0.84^ 1.30" 1.62^ .A
1.34

0.28 0.03 0.02 0.09

0 • to c 0.23 0.22 0.29

3.60

6.31
>

5.72
>

15.33
2.90 2.29 1.75

0 • c 0.09 0.04 0.10

0•0 0.03 0.02 0.02

1.21
J

1.14 1.12
>

l • 9°/

0.07] - 3 0.01 0.03"]
a.29 1 1.97 1.71 \

0.03 0.03 o.o4 0.05

1.19. 1.94, 1.66) 1.72,

2.55 1.15" 2.3J 5.09
'3.81 )'4.63

2.66 2.33]
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Fe-biotite from Fier hastingsite biotite granite, Sara Fier.

Analysis taken from Bull. 32 of Geol. Survey.

Lepidomelane (Foster) from Kula hastingsite biotite granite,

pankshin. Analysis taken from Bull. 32 of Geol. Survey.

Annite from early hastingsite biotite granite, Amo.

Analysis taken from Bull. 32 of Geol. Survey.

Lepidoxnelane taken from Daffo hastingsite biotite granite,

Sha Kaleri. Analysis taken from Bull. 32 of Geol.

Survey.

Annite taken from riebeckite biotite granite, Amo.

Analysis taken from Bull. 32 of Geol. Survey.

Li-siderophy1lite from Kudaru biotite granite.

Analysis taken from Bain (jacobson, Imperial

Institute).
Li-siderophyllite from Liruei biotite granite.

Analysis taken from Bull. 32 of Geol. Survey.

Li-siderophyllite from greisen in Rishi biotite granite,

Saiya/Shokobo Complex. Analysed by R. Batchelor,
St. Andrews.

Li-Fe-siderophyllite from pegmatitic vein in Rishi biotite

granite. Analysed by R. Batchelor.

Li-siderophyllite from greisen in Rishi biotite granite,

Saiya/Shokobo Complex. Analysed by R. Batchelor.

Protolithionite from Rayfield Gona granite, Harwell area,

Jos/Bukuru Complex. Analysed by von Knorring and

Dyson (1959) •

Protolithionite from greisen in biotite granite, Liruei.

Analysis taken from Bull. 32 of Geol. Survey.

Protolithionite from quartz-mica pegmatitic vein, Sabon

Gida South biotite granite - Jos/Bukuru Complex.

Analysed by R. Batchelor.
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SiO A16 Fe0J FeO MgO CaO Na„0 Ko0 (L_4- HpO HÔ" c60 Po0K ti°2 MnO 01 F Li2° Zrp S Pb Zn Cu Sn02 Totals Less0 Sp. L01

Gr,

1

2

3

74.01

4

5

6

/

8

9

10

76.15

74.80

198.75

196.72

200.57

-

2.03

+

1.82

-

0.78

+

0.70

12.48

i±.25

iu.13

32.57

29.59

27.45

-

2.98

-

5.12

-

l.l4

-

1.96

0.50

0.37

0.37

1.31

0.97

1.00

-

0.34

-

0.31

-

0.13

-

0.12

0.73

1.47

4.33

1.91

3.87

11.73

+

1.96

+

9.82

+

0.75

+

3»76

0.19

0.10

0.15

0.50

0.26

o.4i

-

0.24

-

0.09

-

0.09

-

0.03

0.51

0.38

0.11

1.33

1.00

0.30

-

0.33

-

1.03

-

0.13

-

0.39

4.06

0.21

0.19

10.60

0.55

0.52

-

10.05

-

10.08

-

3.85

-

3.86

4.43

9.84

6.4i

11.56

25.88

17.37

+14.32

+

5.81

+

5.'*9

+

2.23

0.33

0.26

0.55

0.86

0.68

1.49

-

0.18

+

O.63

-

0.07

+

0.24

0.20

0.32

0.19

-

-

-

-

-

-

-

0.02

0.02

0.03

0.05

0.05

0.08

-

+

<n

0

•

O

-

+

0.01

tr.

tr.

nil

-

-

-

-

-

-

-

0.06

0.06

.0.03

0.16

0.16

0.08

-

-

0.08

-

+

0.03

0.01

0.03

0.12

0.03

0.08

0.33

+

O

•

O

+

0.30

+

0.02

+

0.11

0.01

0.01

0.01

0.03

0.03

0.03

-

-

-

-

0.35

0.45

i.4o

0.91

1.18

3.79

+

0.27

+

2.88

+

0.10

+

1.10

0.08

0.14

0.4o

0.21

0.37

1.08

+

0.16

+

0.87

+

0.06

+

0.33

0.04

0.04

0.03

0.10

0.10

0.08

-

-

0.02

—

—

0.01

0.02

o.l4

0.55

0.05

0.37

1.49

+

0.32

+

1.44

+

0.12

+

o.55

nil

0.26

0.88

—

0.68

2.39

+

0.68

+

2.39

+

0.26

+

0.91

nil

0.15

0.67

—

o.4o

1.82

+

o.4o

+

1.82

+

0.15

+

0.70

nil

0.01

0.02

—

0.03

0.05

+

0.03

+

0.05

+

0.01

+

0.02

nil

0.03

0.10

-

0.08

0.27

+

0.08

+

0.27

+

0.03

+

0.10

100.18

100.35

100.68

260.93

259.18

260.50

0.15

0.19

0.99

100.03100.lo100.09 2.61

2.03

2.71

ChemicalAnalysesofBiotiteGranite,ReddenedGraniteand GrciseniscdGraniteLiruei-afterR.Jacobson(L9^7)♦
1.Biotitegranite,oldshaft,LirueiLode,(imperialInstitute). 2."Reddenedgranite",M.L.5693,LirueiLode,(imperialInstitute). 3.Semi—greisenizedgranite,M.L.5693,LirueiLode,(imperialInstitute). 4.Compositioningramsof100cc.of 4.Granite. 5."Reddenedgranite". 6.Semi-greisenizedgranite.

Gainorlossingramsinalterationto 7."Reddenedgranite". 8.Semi-fl^reisenizedgranite.
Gainorlossinpercentageoftotaloriginalrockmass. 9."Reddenedgranite".

-10.Semi-greisenizedgranite.
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Appendix 7«

Chemical Analyses of Liruei biotite
granite, mineralised vein and altered
wall rocks.

1 2 3 4 5 6

Si02 76.2 84.4 76.0 95.8 75.9 76.8

Al2°3 IO.89 4.28 10.69 1.85 12.85 11.99

Pe2°3 0.0 . , .7.71total
0.00 0.73 0.33 0.47

FeO 1.76 iron 1.21 0.25 1.05 0.97

MgO 0.01 0.01 0.01 0.00 0.02 0.01

CaO 0.05 0.18 0.19 0.02 0.24 0.24

Nao0 0.00 0.00 0.98 0.00 3.91 3.92

o
!\i

w 9.76 1.58 9.78 0.58 4.30 4.31

H9O+ O.36 1.15 0.27 0.37 0.46 0.17

h2°- 0.00 0.05 0.03 0.08 0.06 0.05

T i02 0.08 0.17 0.07 0.11 0.11 0.07

p2°5 0.06 0.08 0.07 0.01 0.00 0.00

MnO 0.06 0.18 0.03 0.01 0.05 0.03

99.23 99.71 99.33 99.81 99.28 99.03

Cu 21ppm 49ppm lOppm

Pb 98 320 98

Zn 292 2436

Analyst R.A.

331

Batchelor •

1 = 58a altered wall rock adjacent in mineralised vein)

2 = 58b

3 = 58c

mineralised vein

altered wall rock adjacent to vein

S
1

see Fi

15

4 = N74 quartz vein in biotite granite

5 = N75 Liruei biotite granite

6 = N77 Liruei biotite granite



Appendix 9.

Nbo0^/SnO^ resiilts
ATMN

from Rayfield Qona granite

8838 -
- present paddock ppm Nb„0„ ppm SnO

A 90 25

B 770 200

C 510 165

D 460 165

E 470 70

F 610 i4o

G 55' 50

H 470 130

J 770 50

K 520 56

L 1115 50

M 590 120

N 630 120

8838/1127B

A 100 -

B 1300 1433

C n4o 830

D 1000 650



Jantar

No. 1 GP

A

B

C

D

PCP 10

A

B

C

D

E

F

G

H

J

K

L

M

N

0

P

Q

R

S

T

U

Appendix 9 Contd.
169.

Nb2°5
PPm

SnO,

ppm

50

33

33

50

50

ho 20

30 20

30 20

900 520

2290 1^50

1200 68

30 <20

1280 350

1720 430

750 360

500 20

1050 28

820 <20

320 <20

ho 20

ho <20

h30 <20

33 <20

33 <20

^50 <20



Appendix 10.

1?0.

Chemical Analyses of Sulphides from

Rishi & Liruei Mineralised Veins.

Rishi Liruei

Cu 4.21# 0.25#

Pb 0.14 0.96

Zn 52.5 60.9

Fe 10.2 6.48

Mn 0.02 0.04

Cd 0.19 0.59

Co 137ppm <l6ppin

Ag 6lppin 5ppm



Figure 24
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SiO,

TiO,

Al2°3
Total Fe
as FeO

MnO

MgO

CaO

Na2°
k2°
SnO,

Li

Be

Appendix 12

Chemical Analyses of

Mineralised Veins.

1 2 3 k

90.9 5^.2 52.3 57.7

0.1 0.1 0.-1 0.1

1.2 9.7 9.7 14.1

3.4 27.3 21.1 4.3

0.05 0.31 0.23 0.13

<0.02 0.02 0.02 <0.02

0.2k 0.12 2.57 0.10

0.15 0.11 0.10 0.10

0.81 5.85 k.08 1.04

.14 c 88 .05 5.47

97.01 98.59 90.25 83.05

760 4645 5090 170

2 6 10 6

Mica from above Sulphid e

Hf
Cu 0.31°

Si02 39.2 Zn 2.82

Al203 12.24 Fe 2.31

Fe2°3 2.98 Mn 0.C5

FeO 29.0 Pb 77

MgO 0.03 Cd 483
CaO 0.15 Co <16

Na20 0.10 Ag 27

k2° 8.15

h2°+ 2.28

H2°~ 1.61

ti02 2.58

MnO 0.43
o

C\i
•H 1. 4o

99.57

Low totals are due to insoluble sulphide residues which were

not analysed, and F and OH contents also.

1 = Sample 5 Locality 117 Ladini
2 = Sample 5A Locality 117 Ladini

3 = Sample 2a Locality lib Dawa
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Volume 2 - Mineral descriptions.

Introduction

This volume incorporates descriptions of economically

important minerals, and those of mirieralogical interest,

related to mineralisation in biotite granites and replacement

veins. It summarises the existing data and adds information

that has been gained as a result of this research programme.

Each mineral is treated separately although associated minerals

are also noted. The mineral associations have already been

discussed in Chapter 3« (Volume 1)

It was not possible in this compilation to follow a
I

standard format with the mineral descriptions since for each

mineral the important aspec'ts varied and therefore the

emphasis is placed on important new information for each of

the minerals.

Although previous literature on Nigerian mineralisation

includes descriptions of cassiterite, columbite and wolfram,

most of the other minerals have been noted only briefly,

whilst greenockite, bismuthinite and some of the copper

minerals have not been recorded hitherto.

It is therefore the intention of this volume to

present as much data as possible about the minerals that

have been studied, both from the apogranitic phase of

mineralisation and the hydrothermal vein-forining phase.
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Fig t Geology of part of the Jos-Bukuru Jurassic Complex and surrounding areas takenfrom the 1:100,000 sheet 168 in Bulletin 32 Geological Survey of Nigeria 1971
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Greisen locality
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Sketch map taken

from air photographs
showing location of

mineralised veins in

the Dawa area.
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Fig. 22.



Fig 23 Location of the minor replacement veins



■IINERAL3 DESCRIBED

Oxides Cassiterite

Col uinbi te

Sulphides Sphalerite

Chalcopyrite and coppe
minerals

Molybdenite
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Silicates Zircon

Thorite

Beryl: genthelvite:
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Mica

Phosphates Xenotiine

Monazite

Tungstate Wolframite



Cassitorite ;

Nigeria is the world's sixth biggest producer of

tin and produces some 4^ of the global output. Cassiterite

is the only tin mineral as yet recorded from the Jurassic

granites although nigerite, a tin-zinc spinel, has been

recorded from the basement pegmatites (jacobson & ¥ebb 1946)

Compositionally, cassiterite contains oxide

impurities of Fe, Nb, Ta, Ti, Cu, Zn and Mn. An analysis

of cassiterite from the Harwell area of the Jos-Bulcuru

Complex by ATMN slio\\red the following composition:-

Sn02 89.5#
Nb20 4.70
Ta'0K 1.60

Fe203 1.64
Ti02 0.12
Sc.,0 0.01

Loss on ignition 3«30

100.87

Cassiterite has a much wider primary distribution

throughout the Province than columbite. It occurs as small

crystals preceding the formation of columbite in albitised

granites (t/illiams e_t aH. , 1956)» but high values are

concentrated into narrow zones, possibly due to incipient

veins, and only low values are dispersed through the granite

as a whole. Cassiteritc occurs as a very minor constituent

in many granites and is not confined to albitised variants.

The values of cassiterite in a particular granite may vary

from nothing to over 350 ppm Sn09, In addition to these

occurrences, abundant cassiterite, varying from small or



b.

large anhedral forms to perfect crystals which may exceecj
'

1 cm in size, is found in mineralised veins throughout the

province.

Cassiterite varies in colour according to its source,

ranging from dark brown to black. Occasionally crystals may

show an adamantine lustre but more commonly it displays a

sub-metallic lustre or may be brown, friable and hackly.

Translucent ruby, yellow and white varieties have been recorded

and there is a small amount of colloidal wood tin from Gindi

Akwati and south Ropp in the Ropjj Complex and from the Gaiya

river in the Liruei complex.

It seems likely that the variations in colour of the

cassiterite are related to the temperature of formation.

Research at present being undertaken in the chemistry

department of St. Andrews University is studying the behaviour

of tin deposition. Researchers have observed that above

400°C there is only one phase, i.e. the supercritical fluid,

and that any associated cassiterite is very dark green or

black and opaque in thin section. This could be equivalent to

a pneumatolytic dispersed phase of mineralisation. As the

temperature drops to 250°C a liquid and a vapour phase develop

and the cassiterite deposited at this stage is brown or

yellow green in colour. This could perhaps be the

equivalent of the hydrothermal vein stage of mineralisation.

Finally it has been observed that at temperatures around ^5°C
the cassiterite is 'amber and transparent (Vincent and Weston

1972) .

These observations appear to fit known characteristics

of Nigerian cassiterite.



Cassiterite occurs in several phases of the niinerjalise
I | j

j
veins. Jt is present in the sulphide assemblage associated

with the chloritic stage of alteration and it also occurs

within micaceous clusters in greisens. Cassiterite has also

been introduced in addition to wolfram in the silicification

stage. In thin section the cassiterite associated with quartz

veins or silicified altered veins is pale yellowish, brownish

or colourless, whilst the cassiterite found associated with

green mica in greisens is dark reddish brown in colour and

may show zoning, from dark coloured .at the centre to colourles

at the margins. Thus the cassiterite found in the later,

cooler stages of alteration is lighter than that formed in

earlier phases, and. even that found in the earlier stages

may show colour zoning which may be related to fall in

temperature. Some of this darker coloured cassiterite is

intensely pleochroic from pale yellow to a dark reddish

colour which is attributed by many authors to a high niobium

content.

Polished sections of cassiterite show different

characteristics depending on x^hich stage of alteration the

cassiterite is from. Sections taken front cassiterite formed

in an early, presumably high temperature, phase show few if

any inclusions, and those so far observed appear to be of

pyrite. Inclusions in cassiterite taken from quartz veins

(photomicrograph 1 ) from Ropp Adit are more numerous and

so far only quartz has been observed as inclusions. The

cassiterite is strongly anisotropic, has very low reflectivity

and is easily identifiable in polished sections.

Cassiterite has a density of approximately 7 and a



*

>

1

photomicrograph 1 shows polished cassiterite, with surface
cracks, containing inclusions of quartz. From a quartz-
cassiterite vein, the Adit - Ropp.

Photograph 1 shows cassiterite crystals from vugs in the
Liruei lode. x 5«



hardness of 6 to 7, Some cassiterite is magnetic, which

according to Greaves _e_t al. , (1971) is due to the presence

of microscopic to submicroscopic inclusions of magnetite

exsolving from the crystal lattice. Both Greaves jet al.,

(1971) and Grubb and Hannaford (1966) show that darker

cassiterite fractions are more magnetic than lighter coloured

ones, but in Nigeria ATMN geologists have found that the

magnetic quality does not vary with colour and even

transparent varieties may be magnetic. Randohr (1961)

concluded from a study of polished sections of cassiterite

that magnetism may be due to exsolution of columbite/tapiofite

from crystal lattices, although he noted that these minerals

also occur in non-magnetic cassiterite. However, Hanus and

Krs (1965), having examined specimens of pure columbite,

found that they had a much lower remnant magnetism than their

samples of magnetic cassiterite, shoving that columbite alone

was not responsible for the magnetism. Grubb and Hannaford

(1966) supported this since they had studied magnetic

cassiterite that contained no niobium.

Grubb and Hannaford (op. cit.) showed that in the

darker more magnetic fractions of cassiterite there is a

2 2
relatively high Fe /Fe ratio but Banerjee (1969) found no

2 2
correlation between magnetism and Fe /Fe' ratio. He

suggested that the iron impurity was in the form of super

paramagnetic Fe,,0„ or Fe„ Sn 0„, which Grubb and Hannafordit _j it — X X _j

(op. cit.) also suggested, and later Baner jee _et; al. , (1970)

suggested Fe^SnO^ or a member of the Fe2SnO^-Fesolid
solution series. In contrast, Hanus and Krs (idop) suggest-

that magnetic cassiterite is due to the presence of



Unlike the cassiterite from the Australian localities

described by Greaves e t al. , (l97'l), the Nigerian magnetic

tin is neither localised nor apparently restricted to certain

rock types.

The bulk of the cassiterite is won by alluvial mining

since the accessory cassiterite in granites is not of high

enough concentration to justify extraction costs. In the

Harxvell area of the Jos-Bukuru Complex however, (Fig. 8)

cassiterite forms a valuable by-product of columbite extract¬

ion from heavily decomposed albitised granites. This

dispersed cassiterite is probably related to the supercritical

fluid from which black, opaque cassiterite (described by the

St. Andrews chemists) is deposited. However this type of

cassiterite has not been investigated by the writer.

Locally, groups of miners are extracting tin from

mineralised veins; at Yelwa Adit, Ropp (Fig. 23) tin is

being extracted by crushing the hard rock and crudely

separating the cassiterite in small channels cut in the

surface. In the Rishi area the same method is applied but

at Dawa and locality 106 the veins are blasted out before

treatment by hand. At Liruei, Ririwai Mines Ltd. are

planning to extract cassiterite, sphalerite and galena from

the Liruei lode by sophisticated underground mining

techniques.

The way in which tin is transported in hydro thermal

fluids appears to be in doubt although most worker's agree

that it is transported in fluids rich in chlorine and

fluorine. Some advocate a Sn fluoro-hydroxyl complex
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(Shcherbina 19^3> Barsukov and Kuril'chikova 1966) whilst

Hesp and Rigby (1972) more recently have considered stannic
chloride complexes to be more prevalent and therefore more

stable. Shcherbina believes that Sn, ¥, Al, Li, Be, Y, Ti

and Zr are fluorophile whilst Cu, Ag, Fe and Pb are chloro-

phile elements. However, in many of the Nigerian mineralised
i

veins it is not uncommon to get cassiterite, sphalerite,

galena and chalcopyrite in one specimen. The research
v

chemists in St. Andrews, mentioned earlier, have used tin

chlorides in all their experiments. They have found that

with stannic chloride there is a change to an unstable

compound SnO^H2 at temperatures which coincide with the
change from a single phase supercritical fluid to a two

phase liquid/vapour' state. This unstable compound then

forms cassiterite and water viz:-

SnCl^ SnO^Hg H20 + Sn0o
Using stannous chloride as a basis for cassiterite production

they have found that it merely involves straightforward

oxidation with liberation of chlorine viz;-

SnClg + 02 Sn02 + Cl2
In the Nigerian model it is suspected that most tin

partitions towards the aqueous chloride phase although this

does not preclude the occurrence of some tin in the silicate-

fluoride-phase. At the moment no fluid inclusion data is

available, so the nature of the ore forming fluids is merely

speculative.

There is however one further possibility which has

been suggested by Grant (pers. comm.) from his work on

Bolivian tin. He believes that the tin may be transported



in the form of sodium stannate which is very soluble and j
/ i I

can precipitate cassiterite simply by dilution. He believes

there is no evidence for fluorine transport since there is

no topaz in Bolivia, but in Nigeria, where topaz does occur

in some veins, only fluid inclusion data will clearly

indicate the transporting medium.

Columbite and associated minerals

Nigeria is the world's leading producer of columbife

and whilst there is a small production of pegnatitic

columbite from the basement the vast bulk of the material is

won from alluvial and alluvial deposits associated with the
!

Jurassic fine-grained biotite granites.

Historically, since columbite was found in alluvials

only in association with cassiterite it was assumed that they

had a similar source and were thought to be derived from the

lodes and greisens that were the source of cassiterite.

Since 19^5 when Col. Dent-Young found columbite in biotite

granite in the Rulcuba hills it has been realised that

columbite occurs as an accessory constituent in albitised

biotite granites and does not occur in greisens or its

normal j>egmatitic environment.

Columbite is known to occur in varying quantities in

all complexes where fine grained biotite granites occur, but

none of the complexes, with the possible exception of Afu in

the Benue valley (Fig. 2), shows the enrichment that is

apjparent in the Jos-Bukuru complex (Fig. 8). From an early

date it was known that some granites within the Jos-Bukuru

complex contained more columbite than others and MacLeod

(1956) and 'Williams e_t al. , (1956) analysed all the granites

and found that only the Rayfield-Gona contained economically
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significant values. MacLeod found that each granite, excjept
I
i

the Rayfield-Gona, had a fairly well-defined range of values.

The Jos granite varied from a content of nil to 19 PP»i> the

Ngell granite varied from a trace to 95 ppm whilst the Bukuru

granite varied from 38 to 150 ppm of columbite. The Rayfield-

Gona granite, however, was found to have values ranging from

150 to 2875 PPrn °f columbite and in two zones east of Rayfield

values ranged between 760 ppm and 0.4^o. This rich Harwell

zone was discovered in 1952 by MacLeod and is at present being

worked by Amalgamated Tin Mines (Nigeria). The other

columbite ore body in the Jos-Bukuru complex is also in the

Rayfield-Gona granite and is located at Passa Kai, being

worked by Jantar-Bi.sichi.

The columbite occurs as small, black opaque crystals

which are variable in shape from platy to acicular.

Williams e_t al., (1956) believe that crystal shape is related

to source granite.

Primary columbite is rarely coarser than 20 mesh, the

greater portion lying between 60 and 2O0 mesh although some

figures quote 30Lfo of the columbite as less than 200 mesh.

The high proportion of fine-grained fraction represents a

major problem in recovery from decomposed bedrock. Alluvial

colurnbite contains a preponderance of small equidimensional

crystals generally finer than 60 mesh.

Columbite from the Jurassic granites, in sharp contrast

to that from the basement, is very niobium rich and an

analysis of columbite from the Harwell area shows 65,0 of Nb^O-
compared with 8fo Tao0^, a ratio of 8 : 1. MacLeod e t a 1. ,

(l97l) state' that the Nb.,0 ^/Ta^O _ ratio in Jurassic granites is
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always greater than 5: 1 and Williams ejt a_l. , (op. cit.)i

suggest that the average is 7 : 1.

Analysis of Columbite from Harwell

Nb2°5 64. 8#

Ta2°5 8.1

FeO 15.1

sc2°3 c • c to

Ti02 0.49

Mn30^ 1.95

ZnO 0.15

Sn°2 1.60

U3°8 <0.05

Loss oji ignition 1. 40

In contrast, analyses of columbo-tantalite from basement

pegmatites show a whole range of the isomorphous series.

Thorite, xenotime and hafnium-bearing zircon are

commonly found associated with the columbite as accessory

minerals within the granite and MacLeod (1971) also records

pyrolusite and anatase in association.

The writer has found that within the Rayfield and

Passa Kai areas (Fig. 8) there is a wide range in columbite

content and 50 analyses showed the Nb£0^ content varying
from less than 30 to over 2500 ppm. High columbite content

coincides with high thorite content but there was no

correlation between high columbite and cassiterite content

which proved generally less than 50 ppm in the Passa Kai area

and between 100 and 150 in the Harwell area where Nbo0_d 5

content was lower. However, in the passa Kai samples that
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Nb20^/Sn0o results
from Rayfield Gona granite

8838 -
- present paddock ppm Nb20j, ppm SnO

A 90 25

B 770 200

C 510 165

D 460 165

E

"\
.

470 70

F
-

610 i4o

G 55 50

H 470 130

J 770 50

K 520 5 6

L 1115 50

M
—

590 120

N 630 120

8838/1127B

A 100

B 1300 1433

c n4o 830

D 1000 650



Nb2C>5 Sn02
J an tar ppni PPm

No. 1 GP

A 50 50

B 33

C 33

D 50

PCP 10

A 40 20

B 30 20

C 30 20

D ' 900 520

E 2290 1450

F 1200 68

G 30 <20

H 1280 350

J 1720 430

K 750 360

L 500 20

M 1050 28

N 820 <20

0 320 <20

P 40 20

Q 40 <20

R 430 <20

S 33 <20

T 33 <20

U 450 <20



had very high Nb^0„ values there were also higher than
average values of SnO^ (Table l).

Sphalerit e

In contrast to previous literature on Nigerian

mineralisation it lias been found by the writer that

sphalerite is the dominant mineral of the hydrothermal

mineralisation phase and occurs to a greater or lesser extent

in four of the five alteration phases described in Chapter 3>

and in addition may occur in small amounts in quartz

cassiterite veins. It may occur in masses 30 cm across,

especially in the fluorite rich, chloritic phase of alteration

In massive form it varies from reddish brown to almost black

with a resinous to sub-metallic lustre.

In thin section it shows characteristic dodecahedral

cleavage and varies in colour from light yellow to orange or

deep blood red. The dark red variety, according to

Stanton (1972), is a high temperature variety, rich in Fe

and/or Mn and conversely the yellow variety is a low-

temperature form depleted in these elements. The amount of

Fe that can be accommodated in the sphalerite structure

increases with increasing temperature, so that, subject to

careful consideration of equilibrium conditions, the iron

content of sphalerite is supposedly usable as a geological

thermometer. In the Nigerian occurrences, however, it would

be extremely difficult to establish equilibrium between

sphalerite/pyrite/pyrrhotite. ' Also, Ramdohr (1969) has

found that a high sulphur pressure in the fluids from which

depositions have taken place results in transparent (i.e.

iron poor) sphalerites, regardless of the temperature of
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Photomicrograph 2. A polished ore section from locality 103?
Rishi shows sphalerite with inclusions of chalcopyrite and
gangue. Chalcocite occurs at the margin of the chalcopyrite.

Photomicrograph 3» A polished ore section from locality 103?
Rishi showing two generations of sphalerite: an early well
crystallised uniform grey sphalerite surrounded by a later
phase full of blebs of chalcopyrite.



Photomicrograph 4. A polished ore specimen showing sphalerite
containing irregular blebs of arsenopyrite and gangue with
trains of chalcopyrite inclusions. Locality 114, Dawa.

Photomicrograph 5. A polished ore specimen showing galena
being replaced by sphalerite which contains chalcopyrite
inclusions. Locality - the Adit, Lix'uei lode.
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formation, so colour and iron content may not be reliable

indicators or temperature of formation.

Deer, Howie and Zussman (1969) suggest that the

different colours of sphalerite may be associated with

certain elements, in particular that tin may be responsible

for the red colouration, but increase of iron may mask this

red colouration. In dark coloured sphalerites with a metallic

lustre, the iron content varies from 6.5-10'ji with correspond¬

ing zinc values of 52.5 and 69.9f'>* Cadmium content decreases

with increasing iron content. Analyses of two dark metallic

looking sphalerites are shown below:

Ri shi Liruei

Cu ^.21 0.25

Pb 0.14 O.96

Zn 52.5 60.9

Fe 10.2 6.^8

Mn 0.02 o.ob

Cd 0.19 0.59

Co 137 ppm <16 ppm

Ag 6l ppm 5 PPm

If iron content does reflect temperature changes

then the analyses samples from Rishi and Liruei fit the

predicted pattern. The Rishi sample has come from the

chloritic stage of alteration which is believed to be formed

at a higher temperature than the sample from Liruei, which

has been affected mainly by greisenisation and low-temperature

sildeification. The Rishi sphalerite contains 3*5/' more pe

than the Liruei sample and contains sufficient iron to warrant

the name marinatite.
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Occasionally both red and yellow- varieties occur

in the same thin section, the former occurring as Large j
]

arihedral patches with exsolved cubco of chalcojjyri te along

the cleavage, whilst the latter occurs as rims around

patches of chalcopyrite. This exsolution phenomenon has

also been acclaimed a good geothermometer, but Rarndohr (1969)
\ '

has shown that some very high temperature sphalerites are

only partly exsolved. Despite the presence of large amounts

of impurities distributed within the sphalerites he describes,

they have not exsolved; certain components, possibly Sn,

serve to stabilise the structure and prevent exsolution.

It seems likely therefore from these considerations

and those in Part 2 that there are severaJ phases of

sphalerite formation. A polished ore specimen of the

analysed sphalerite from Rishi (photomicrograph 3) indicates

two phases of sphalerite formation; an early well crystalJ-

ised, uniformly grey phase surrounded .by a slightly darker

phase full of blebs of chalcopyrite. Other polished sections

of sphalerite show inclusions of chalcopyrite, molybdenite

(photomicrograph k) and replacement of galena (photomicro¬

graph 5)* The blebs of chalcopyrite are attributed to

exsolution on cooling from a higher temperature ZnS-CuFeS2
solid soliation.

In sulphide rich veins associated mainly with the

chloritic stage of mineralisation, and to a lesser extent the

sericitic stage, sphalerite occurs in association with

cassiterite, galena, pyrite, chalcopyrite, molybdenite,

greenockite, chalcocite, covellite, bornite, aonazite and

genthelvite. However in greisens it is associated with

cassiterite, and occasionally galena and chalcopyrite.
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In replacement veins that show some crude zoning,

the sulphide-rich portion generally occurs towards the margins
of the vein. However, in a section of one of the greisens of

the Liruei lode sphalerite occurred marginally.

Only recently has sphalerite been identified in

large quantities. It does not survive as an alluvial mineral

and since the attention paid by the mining companies to primary

mineral veins has been small on account of uneconomic tin

values, the abundance of sphalerite remained unrecognised.

In the Rishi area it has been observed and described by the

writer (this volume) whilst at Liruei, Ririwai Mines Ltd.

estimate that the production of zinc metal from the mine

will be 6000 tonnes a year in comparison with 1,600 tonnes

of tin metal. These figures suggest ah overall tenor of

I.5-250 Zn and 0,55° Sn. The writer believes that seme of the

Rishi veins would show a similar Zn:Sn ratio of 3 or 4:1.

Chalcopyrite and other copper minerals

Chalcopyrite is the most common copper mineral and

is widely distributed in replacement veins. It may be

exsolved along cleavage traces in sphalerite, it may form

rims around sphalerite and other minerals, or it may occur

in massive form.

Chalcopyrite is not as abundant as some of the other

sulphides and is only abundant in the fluorite-rich replace¬

ment veins formed in the chloritic stage of alteration

although it may be found in minor quantities in some of the

later stages.

Very small amounts of other copper minerals may

be associated with the chalcopyrite. Bornite has been



Photomicrograph 6. A polished ore section showing two
generations of chalcopyrite, one forming a rim around
sphalerite the other forming blebs of inclusions within it.
A late quartz vein cuts across galena, chalcopyrite and
sphalerite. Locality 11^, Dawa.
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identified in some of the veins in the Rishi area (Fig. 18)

and chalcocite and covellite have been observed in polished

ores. Native copper was found in altered pyroxene granite

at the adit in the Ropp Complex (Fig. 23, photo 15 Vol 1)

Azurite, malachite and chalcanthite occur as secondary

copper minerals.

In polished sections, chalcopyrite may contain

silicate gangue in the form of streaks and blebs and may

show minor replacement by chalcocite at its margin (photo¬

micrograph 2). A very characteristic feature observed in

the Nigerian polished ores is the blebs of chalcopyrite
I

occurring as trains or in an irregular fashion within

sphalerite. (Photomicrographs 2,3,5 & 6). Those from Bawa

show that chalcopyrite is most abundant in sphalerite near

its margins.

Since chalcopyrite is commonly intergrown with

other copper and iron sulphides, analyses give atomic

proportions which only approximate the ideal formula. Minor

and trace amounts of numerous elements have been reported

but some of these elements may be present as admixed

impurities.

Molybd enite

Small flakes of molybdenite are common in

mineralised veins and altered granite, but the only large

scale occurrence is in riebeckite aegirine granite in the

Kigom Kills. The molybdenite is scattered through the

granite in rich clusters several centimetres across and in

small disseminated flakes; it also forms a coating on joint

surfaces .
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Most commonly small quantities of molybdenite

occur in veins, as at Ropp and Banke, or in veins and j
altered granite at Gyantagere Quarry in the Jos-Bulcuru

complex and Dawa in the Saiya-Shokobo complex. The

molybdenite in the veins is in association with cassiterite,

sphalerite, galena and copper minerals at Ropp, and with a

similar assemblage, including genthelvite, in the Dawa veins.

In altered granite at Dawa, molybdenite is common as quite

coarse flakes but is not associated with any other ore

mineral. At the Gyantagere Quarry molybdenite is abundant

locally both in a very siliceous greisen, accompanied by

sphalerite and copper minerals, and in altered Rayfield

Gona granite. Molybdenite is not abundant in the Liruei

lode although Jacobson (19^7) has observed a few coarse

crystals in the altered granite at Kerigateri Hill and also

in the veins to the west of the Makota path.

In hand specimen it is unmistakable, steeJ. blue in

colour with a hardness of 1 and showing perfect cleavage in

one direction.

In polished section it appears white in colour, is

anisotropic and has a very strong bireflection.

Pyrite and Arsenopyrite

Pyrite and arsenopyrite do not occur in large masses

like sphalerite and chalcopyrite although both are widespread

in minor amounts, frequently in association, in many of the

sulphide rich veins of the chloritic stage of alteration.

Only minor amounts are recorded in later stages of alteration.

Further study of ore polished sections may show these

minerals to be more widespread and abundant.
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In polished sections pyrite is usually isotropic.

It is lighter in colour than chalcopyrite and has a higher

reflectivity. It is also harder. Arscnopyrite is similar

to pyrite but its reflectivity is slightly lower than

pyrite and it is anisotropic (photomicrograph k).

In the Liruei lode pyrite is found at the western

end of the lode in association with galena and sphalerite.

It is found in the Rishi and Dawa greisens and is common in

the Ropp greisens especially those from Ropp Dome. Arseno-

pyrite has so far been identified only in veins from Dawa and

Ropp.
I

Galena

Galena is not as abundant as zinc and copper sulphides

in many of the replacement veins although it predominates

at the western end of the Liruei lode near the adit.

It is presently being mined in the bed of the Gwame

River at the base of the Kigom Hills (pig. 2) where it occurs

in a micaceous vein, cutting gneiss, 800 metres north of the

steep Kigom escarpment where the molybdenite deposit occurs.

The galena-rich vein extends at least 60 metres along an

035° strike and has been proved to a depth of 20 metres. The

vein follows a fine-grained granite porphyry dyke, presumed to

be of younger granite age. The galena which contains 0.5)°

silver has been found at depth in cubes as large as 15 cm

across but usually occurs as cubes loss than 5 nim in size.

The maximum width of the galena-bearing vein is recorded by

Buchanan e_t aT. , (1971) as 20 cm but the vein rapidly pinches

and swells and often dies out altogether further along the

strike. It has not yet been located by drilling in the

higher ground to the south.



20.

A galena-rich vein is also known to occur in the

south Ropp area 1.5 km-west of the Mongu dyke. It is 30

to 45 cm wide and strikes 325°> parallel to the Mongu dyke.

Galena appears to be associated w'i th a slightly later

stage of mineralisation than the bulk of the sphalerite,

chalcopyrite and pyrite, arid should be regarded as predominant¬

ly associated with the sericitic phase although inevitably

some will occur in other phases. However, in the polished

section from the west of the Liruei lode there is evidence

to show that galena is being replaced by chalcopyrite and

sphalerite (photomicrograph 5) which indicates that one of

the phases of sphalerite formation described earlier has

formed after the galena in the Liruei lode (Fig. 16).

Greenockite (Cds)

Cadmium sulphide has been identified in one of the

replacement veins from the basement locality 103 near Dutsen

Rishi (Fig. 19)• It was identified on an X ray scan of a

thin section and shown to occur as discrete grains and not

as a coating on sphalerite, although sphalerite does occur

in other parts of the vein. It is associated with chloritised

mica, chalcopyrite, monazite, fluorite and cassiterite.

An analysis of sample 103 showed a cadmium content of 150

ppm.

There appears to be some confusion in the past

literature as to the difference between greenockite and

hawleyite. According to Stanton (1972) the p form which is

hexagonal and has a wurtzite structure ( c>4 ZnS) is the

variety greenockite. This changes at a temperature of

700 - 800°C into the form, which is cubic and more dense



with a sphalerite structure ( p ZnS). This is the variety

hawleyite. The colour of both varieties ranges from bright
. . I

yellow to orange brown. It is proposed therefore that as

the cadmium sulphide is in association with 'medium'

temperature minerals it must be the variety greenockite.

Butler and Thompson (1967) record greenockite from

the Kaffo valley albite-riebeckite granite at Liruei. It

is in the form of thin yellow disseminations and patches
.

on quartz and feldspar and is not associated with sphalerite

since the only zinc bearing mineral in the granite is

riebeckite. Their analysis of the granite showed a cadmium

content of 0.25 ppm. They consider that the greenockite is

evidence of a later mineralisation than the albitisation.

The writer considers therefore that greenockite has been

introduced as a result of the intrusion of the adjacent

Liruei biotite granite.

Bismuthinite

As yet bismuthinite has only been identified in the

Liruei Complex, where it has been found underground in the

mine recently initiated to exploit the Liruei lode. It has

been found growing in vugs in association with cassiterite

and clay minerals and forms long fragile, slender greyish

needles, with a metallic lustre, up to JLO cm long.

Bismuthinite with cassiterite has also been recorded

in the earliest lode mineralisation which post-dates the

sericitic alteration, at Llallagua in Bolivia (Sillitoe et al

1975)•
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Fluorit e \

Fluorite forms a common accessory mineral in many

of the biotite granites and is co1ourless or pale green.

It is also abundant in replacement veins, especially those

associated with the chloritic phase of mineralisation

(Chapter 3 Vol. l) and is predominantly colourless with

occasional deep purple patches. Rarely, as at locality 106

Rishi (Fig. 19) the fluorite is predominantly purple.

Both topaz and fluorite may occur in the same rock

sample although the two minerals are never abundant when

co-existing. Abundance of one appears to preclude the

other.

There appears to be a massive input of fluorine

associated with the chloritic phase of alteration, resulting

in fluorite formation. There appears to be a direct

correlation between ore concentration and fluorite content.

Highest enrichment in sulphide ores, particularly of

sphalerite, pyrite, arsenopyrite and chalcopyrite are

always associated with fluorite-rich chloritised veins.

One such sulphide-rich vein from locality 103 Rishi (Fig.

19) which contained sphalerite, chalcopyrite, greenockite

and chalcocite in addition to cassiterite and monazite

proved on analysis to contain 11.5/J CaO. Although no

analyses have been made for fluorine it is almost certain

that nearly all the calcium will be present as fluorite.

Topaz

Topaz may occur as a pegmatitic mineral in

association with beryl and quaxlz in biotite granites formed

prior to jointing and consolidation of the granite. Crystals

7.5 c;n long have been collected from the Tega granite of the



23.

Amo complex (Fig. 2) in the Timber Creek area. They have

also been found i_n situ in the Juga area of the Kwandonkaya

complex and nave been found in the river gravels of the

Ganawuri and Jarawa Hills (Fig. 2 and 23).

The tox^az is usually colourless but blue-green,

yellowish and brownish varieties have been found. It is

rarely of ge m quality but should prove useful for fluid

inclusion techniques.

Topaz also occurs as small grains in replacement

veins formed by the breakdown of feldspar in the host

granite into sericite, topaz and quartz. Nockolds and

Richey (1939) give an equation representing the change from

rnicroperthite to sericite and topaz assuming that no alumina

is added or removed
added

6(K 66Na ^ jal^si^og + 3Fe + 2F 2 + 2(0h) »

K2Fe3Al2(AlSi3010)2 (OH^Fe^)^ + AlFgAlSiO^ + K2Si03 +

Na2Si03 + 93i0?.
Topaz is a constituent of the greisen phase of

alteration in addition to forming an accessory in the

sericitic phase, although the topaz content is small in

comparison with the amount in greisens from Czechoslovakia

(Baumann e_t al. , 197^) or Alaska (Sainsbury i960). The

individual topaz grains are small and nowhere does it

achieve the size of the pycnite crystals - up to 30 cm in

size - from the Altenberg area of the eastern Krusne Hory.

In replacement veins it only rarely forms grains greater

than 1 mm in size.

The topaz has similar associations to that found in

the Chaillats deposit of the Echassieres region of France



where topaz may be associated with quartz, mispickel, |

cassiterite, wolframite, fluorite, pyrite, sphalerite,

chalcopyrite, galena and other sulphides (Burnol 197^)•

Similarly topaz is recorded in cassiterite bearing veins

from other tin provinces although it does not seem to

occur in ore-bearing veins in Bolivia.

In contrast to the fluorite rich veins however,

topaz-bearing veins contain cassiterite with only minor

sulphide minerals. In thin section it appears as small

colourless anhedral grains associated with either sericitic

or siderophyllite mica.

Zircon

Zircon is a common accessory mineral in many of the

younger granites. It occurs in two forms:

l). In the metamict state it may be associated with

xenotinie, thorite, and other minerals in the apogranites and

with pyrochlore and other minerals in the albite riebeckite

granites. In the apogranites the zircon may contain up to

5/b Hf. When Hf is present to this extent the mineral is in

the form of almost opaque brown grains and is usually

uraniferous - this is the variety described as malacon.

Zircon from the Rayfield area of the Jos/Bukuru complex and

from Odegi in the Afu hills is Hf rich, and is separated

from tin/columbite tailings by float tables and sold for Hf

content. Some of the rnetamict zircon is anomalously magnetic

and MacLeod and Jones (1955) showed that this is due to a

high proportion of loosely combined iron. The degree of

magnetic permeability is thought to be controlled by the

relative proportions of non-magnetic anc* magnetic
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Fe^O^ in the mineral. Zircons can be demagnetised by
leaching in cold HC1, changing from brown to white during'

the process. It is probable that cyrtolite is also present

in the albitised granites and albitites but there is difficulty

in recognition of the mineral and in a lack of uniformity
i

of opinion on the difference between cyrtolite and malacori.

Both varieties contain uranium and thorium in addition to

rare earths, Hf and water. Also, both minerals are raetamifit

which is shown by their partially or completely isotropic

character and by their lower indices of refraction, specific

gravity and hardness than normal zircons. A.N. Labuntsov

(quoted by Petrova 1961) has proposed that U-Th zircon is

malacon and that Th-U zircon is cyrtolite. Petrova (1961}

describes malacon associated with albite, microcline,

riebeckite, fergusonite, xenotime, ilmenite and astro-

phyllite from metasomatic veins and albitites. Caruba e_t a 1. ,

(1975) believes that in certain cases netamict zircons arise

from normal hydroxyled zircons that have crystallised out of

a medium rich in fluorine and radioactive elements and that

fluorine leads to the substitution (siO^) * (Oil) This
leads to weaker bondings causing the lattice to be vulnerable

to the particles given off during- the decay of radioactive

elements.

2). In contrast, the zircons from ocher granite sources

are colourless, brownish yellow to amber or grey and are

transparent to sub-translucent. In the Jos/Bukuru complex,

Vi 1 1 iams ejfc a_l. , (1956) describe their technique for

differentiating various granite types by the zircon colour-

e.g. the strfiw zircons of the Jos granite and the pale brown
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zircons of the Ngell. This method of granite identifi¬

cation is sometimes useful where the granite is badly

weathered and decomposed.

Thorite

Thorite is found in the late-stage albitised

granites in close association with columbite. It occurs

as anhedral, resinous grains averaging 1 ram in size and

they are either a reddish brown or orange (variety orangite)

colour. There seems to be a direct proportional relation¬

ship between thorite and columbite content and visible thorite

is a good indicator of high columbite content.
f

The thorite collected from the Harwell area of the

Jos-Bukuru complex is strongly radioactive as a result of

the replacement of some of the thorium by uranium giving the

variety uranothorite. Because of the radioactive content

the thorite is in a metamict state.

Thorite and zircon appear to form a structural series

and it appears that there is a definite trend from zircon,

malacon (a uranium-thorium zircon) and cyrtolite (a thorium-

uranium zircon) to thorite.

Petrova (1961) records replacement of malacon by

thorite in Siberian albitites and evidence from a limited

number of Nigerian thin sections indicates that a similar

phenomenon takes place. In the zones in malacon that have

become isotropic, point-like segregations which discolour

the metamict malacon unevenly in shades of brownish red are

suggested by Petrova to be ferrithorite. petrova presumes

that the development of isotropic properties in malacon is

associated with the activity of thorium during replacement

of the mineral by thorite.



Beryl;Genthelvlt e:PhenakitetDanalite.

Beryllium minerals, although not common, occur in

mineralised veins and pegmatites in many areas of the

Jurassic granite province. Most occurrences are situated

in the northern part of the province where granitic members

of the ring complexes are exposed at or near their upper

contact with pre-existing rocks. Southward where erosion

has proceeded to geologically deeper levels beryllium

mineralisation is less conspicuous.

Beryllium occurrences are confined to the contact

zones of biotite granites and microgranites; beryl has
I

been recorded in contact facies of biotite granites and

other Be minerals are usually restricted to mineralised

veins that lie within biotite granites less than 30 metres

from their contacts.

Beryl has been recorded from numerous localities,

most notably in the pegmatites in the Tega biotite granite

of the Amo complex, near the contact with the Teria biotite

granite. Aquamarine can occasionally be found there in

association with large colourless topaz crystals. Aqua¬

marine has also been found in a pegmatitic vein in the

Kulfana biotite granite of the Kwandonkaya complex - again

from a contact facies.

The mineral genthelvite appears more common than

beryl. It has been noted in the Dawa-Rishi area of the

Saiya-Shokobo complex and has also been recorded and

described by von Knorring and Dyson (1959) from the Harwell

paddock in the Rayfield area of the Jos-Bukuru complex

(Fig. 8) and by Berridge in Buchanan e_t a_l. , (1971) from

the Jarawa Hills. (Fig. 23).



Genthelvite, resembling massive alrnandirie, appears
'

■ "

as a late stage replacement mineral in the albitised granite

at Harwell and the following description is given by von

Knorring and Dyson (op cit). "In the locality it occurs

as irregular knots and veins up to IS cm across within an

irregular vein of almost pure albite. Commonly, these knots

consist of pure genthelvite, but may contain stumpy laths of

albite. A selvedge of protolithionite from 0.5-2 cm thick

with accessory thorite frequently crystallised as a

peripheral growth on euhedral genthelvite". They also

describe genthelvite in the microcline pegmatites as anhedral

masses up to 5 cm across. In thin section the genthelvite

is greyish or very pale pink and isotropic. It may be

almost pure genthelvite or may be intimately intergrown

with albite. Some triangular sections occur and the mineral

is intersected by numerous cracks. It has inclusions of

columbite, zircon and cassiterite and occasionally orangite

in the specimens studied by von Knorring and Dyson (op cit;.

The framework structure of genthelvite is forned by

the linkage of SiO^ and BeO^ tetrahedra in approximately
equal numbers»each corner oxygen being shared by two

tetrahedra. Cubo-octohedral units are formed bounded by

six rings of four tetrahedra piarallel to £lOoj and eight
rings of six tetrahedra piarallel to |lllj : the six
membered rings define a set of channels which intersect to

form large cavities. The cavities are occupied bi¬

sulphide ions which are tetrahedrally co-ordinated by Zn

and Pe (or Mn) ions. A chemical analysis of the mineral

from Harwell (von Knorring and Dyson, op. cit.) shows that

it is very similar in composition to that from siiicified
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syenites from U.S.S.R. described by Gurvich jot ajL. , (lSjo3).
I

The Harwell sample showed 12. 9^0 BeO compared to 11.9^ in

the genthelvite analysed by Gurvich and ho. 56)3 Zn compared

to 41.3/0 Zn. The formula for the Harwell genthelvite is:

Zn^FeBe^Si^O^gS
whilst Gurvich _ejb a_l. , suggest;

(ZnMnFe)g(Be3iO^)6S2
an identical formula except for the inclusion of Mn which in

the Harwell analysis was less than 2ctl. Gurvich does not

give a figure for Mn content. He describes the associated

minerals as willemite, fluorite, cyrtolite, tantalo-columbite
j .

and other minerals.

An analysis of genthelvite from the Ladini area of

the Saiya-Shokobo complex showed greater Fe and Mn content

than the Harwell sample, and a corresponding decrease in

zinc content, although the zinc is still predominant so the

name genthelvite still applies.

Harwell Ladini

Si02 0 O • <! O 31.5

Ti°2 n. d . <0.1

Al203 0.18 n. d.

FeO 11.73 23.7

MnO 1.72 3.1

BeO 12.39 12.2

ZnO ho. 36 25.5

MgO tr. <o.oh

CaO tr. 0.08

Na2° tr. 0.15

Ko0 n. d . <0.07

S 5.50 5.00
102.78 101.00

0 5 S 2.74 oss 2. >9
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Further occurrences similar to these in Nigeria

are also found in Russia. Chistyalcova and Moleva (l966)

describe idiomorphic crystals of genthelvite from drusy

cavities in pegmatites cutting granites of the Kentskii

massif in Central Kazakhstan. In this occurrence the

genthelvite is in association with phenakite, bortrandite,

quartz, haematite, iron-poor sphalerite, fluorite and

green mica. Kalenov (1962) also describes helvite minerals

from greisens in Mesozoic granites in Central Asia, whilst

Gurvich _e_t al. , (1962) described occurrences of genthelvite

from greisens in metasomatised biotite granites in the

U.S.S.R. The quartz-siderophyllite greisens he described

contain small quantities of.cassiterite, garnet, fluorite

and columbite in addition to the genthelvite. However in

these environments the crystals are very small (usually
<1 mm) in comparison to some Nigerian occurrences where

masses 10 cm across have been found.

Gurvich e t al. , (1963) believe that genthelvite

forms in the late stages of mineralisation as a result of

pneumatolytic processes leading to the formation of quartz

veins and silicification. The circulating solutions were

rich in Si, S, Be, Zn and other cations (Fe,Mn,Pb, and Mo)
and were poor in alumina; as Kalenkov (1959) has shown,

that in the absence of Al genthelvite will form instead of

beryl.

Beus (1956, 1962) d escribes further occurrences cf

genthelvite similar to those in the younger granite province

of Nigeria. lie believes that in granites which consolidate

at comparatively high levels in the crust and where the

formation of mineralised pegmatites is restricted, such Be



as is present will precipitate in a hydro thermal pneumato-

lytic environment. He concludes from the available data

that formation of high concentrations of Be in the hydro-

thermal process coincide in time and space with the format¬

ion of high concentrations of tungsten, tin and molybdenum.

Some of the veins at Dawa contain genthelvite, cassiterite

and molybdenite but no genthelvite-tungsten association has
-w

been found here yet. These genthelvite occurrences have

been described earlier under locality headings.

Danalite (Fe^/Be_Si) hits also been identified
by Taylor (l959) from the Dawa area but a mineral collected

from this locality by the writer, similar to the one he

describes, showed on XRD and chemical analysis (see above)
to have zinc predominant and therefore to be genthelvite.

The danalite described by Taylor is dark red with a slightly

greasy lustre and in thin section is pale pink. He quotes

the specific gravity as and R.I. as 1.75^* X-ray

spectroscopic analysis showed Fe as the major constituent

with subordinate zinc and minor manganese with a trace of

chromium. BeO content is given as lj.O^o.

Phenakite (Be^SiO^) has been found by Taylor (1961)
in small amounts in greisens from the Ladini-Qawa area in

association with cassiterite, toj^az, fluorite, danalite

and sphalerite; it has also been recovered from crushed

ore and from alluvial s in the Dawa. area.

Further investigations of mineralised veins both in

hand specimen and thin section will probably show that

beryllium minerals are even more widespread than the

description above indicates.
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M lea

The micas in the Nigerian Younger Gi'anite Province

belong to two related tri-octahedral series. There are

only small amounts of dioctohedral micas in the granites

and these usually take the form of sericite, derived from

the alteration of feldspars during successive stages of

replacement vein formation.

Micas have been analysed from biotite granites,

albitised granite and replacement veins (Fig. 24). The

results have been plotted on a triangular diagram devised

by Lange e_t aM. , (1972) and the structural formulae have been

calculated using the method of Foster (i960) (Table 2 ). i

The magnesium content of nearly all the micas is

extremely low and the biotites are therefore characterised

by a high Fe /R" ratio which is greater than 0.94 except

for the biotite from Sara Fier (Fig. 24) where the ratio

is O.78. The Fe^+/K,M ratio is also high}

(R" = Mg + Fe2+ + Mn R*« = AlV±+ Fe3+ + Ti^"*").
In the aluminous granites the micas are iron rich

and belong to the phlogopite » annite series. During

the processes of replacement vein formation there is a

progressive alteration of the micas and they become enriched

in alumina and lithium; these tnicas belong to the sidero-

phyllite > protolithionite > zinnwaldite series (Fig. 24).

Thin sections show that during alteration there is a

progressive destruction of the brown iron-rich annitic mica

of the granite and a replacement by chlorite, with the

growth of new blue-green siderophyllite which in turn may

be overgrown or partly replaced by pale green, grey or

almost colourless protolithionite. Early breakdown of



Figure 24
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feldspars releases potassium which forms sericite and

related minerals. This sericite forms small clustered

grains at first marginal to, or within the feldspar and

then completely replacing it. The sericite itself may

also be altered during the greisenisation stage and break

down to give silica with released potassium and aluminium.

Perhaps some is transformed to tri-octohedral mica, since

in the latest stages of replacement only blue-green

siderophyllite or colourless protolithionite is found.

Thin section comparisons of mica-rich greisens and host

biotite granite reveal that not all the siderophyllite can

have formed at the expense of the original annitic mica.

Thus, late-stage mica formation, derived from sericite

enriched in lithium and iron by volatiles, seems likely.

During the apogranitic phase of mineralisation, the

albitisation which affected the perthites is accompanied

by a modification of the micas. The biotites become

enriched in alumina and lithium and dejoleted in Fe, and

protolithionite appears to be the ultimate composition.

Physical properties

The annitic micas in thin section are pleochroic

from dark green, brown or reddish brown to light brown,

straw yellow or pale green with Refractive Indices of

I.65 to 1.68.

Micas which plot in the siderophyllite field are

very dark green, almost black, in hand specimen, and in

thin section are pleochroic from dark blue-green to pale

green, straw yellow or almost colourless. Nockolds and

Richey (1939) give Refractive xndicos of 1.562-1.625 for

similar micas. These are low refractive indices for iron-
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rich micas and the authors believed that this is partly

due to the low amount of ferric iron and partly to the

presence of relatively abundant fluorine which constitutes

2$.

The micas in the protolithionite field range in hand

specimen from a pale blue-green colour (i.e. those near the

protolithionite/siderophyllite boundary) to colourless.

In thin section they may be pleochroic from very pale green

to colourless or they may be grey to colourless with no

ploochroic scheme. Von Knorring and Dyson (1959) give a

refractive index of 1.612 for protolithionite from Harwell
I

(Fig. 8).

Chemistry.
3+ 2 +

The annitic micas are rich in both Fe and Fe

and during albitisation or replacement vein formation there

is a gradual decrease of Fe together with a marked
2

decrease of Fe and Ti between siderophyilite and proto¬

lithionite. There is also a gradual decrease of Ma and a

slight decrease of Mg although the Mg content is initially

low. Variations in trace element proportions have yet to

be investigated although preliminary evidence suggests that

along the trend lithium-iron biotite » siderophyilite *

protolithionite, there is a gradual increase in Zn, Be and

Sn.

Considering the compositions of the iron-rich

biotites from non-albitised granites it appears that they

are relatively poor1 in AlyO,, since their values are genera] 1

less than 12<t. In contrast, the micas from the albitised

granites and replacement veins have Al„0„ values which*- J
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exceed 12^. This characteristic confirms the evolutionary-

direction during recrystallisation (Fig. 5). These micas
O o ||

also contain more Al , Fe , Ti ions than those from the

non-albitised granites.

It is possible that the relative proportions of

Ti0o and Feo0^ influence the colour, Hayaraa (1959) has
shown-that TiO,., , which is responsible for brown or red

colour, is in general in very small amounts in grcisen

biotites. The green colour may also result from a high

proportion of Fc^O^ an average value of TiO^.
Micro£)robe analysis (C. Abernethy pers. comm.)

across a zoned mica, with a brown core and colourless zone

followed by a green rim and white overgrowth, showed a

progressive decrease, from the centre, in total iron and

titanium, with increased aluminium. There was little

chemical change between the inner brown core and the colour¬

less zone which separated brown and green mica. This

observation suggests that the margin of the biotite was

'bleached' before overgrowth by green siderophyllite and

subsequently by protolithioriite.

It is concluded therefore that primary biotites

from the•perthitic granites are rich in "annite" whilst

the composition of green or white biotites characterising

the albitised granites is comparable to the biotites from

mineralised replacement v.ins and these range between

siderophyllite and protoli. thioiiite. Fabrics and Rocci

(1965) have also reached similar conclusions about the

biotites from the Tarraouadji massif in the Niger Republic.

Further work on mica composition is intended,



Analysis of the micas from greisens and pegniatitlc veins

8

Si°2 39.2

Al2°3 12.24

Fe2°3 2.98

FeO 29.0

MgO 0.03

CaO 0.15

Na20 0.10

k2o 8.15

h2°+ 2.28

h2o" 1.61

Ti02 2. 58

F -

S -

MnO 0.43

Li20 1. 4o

99.57

Less 0

Be 6ppm
Cr lOppm

Zn l660ppm
Cd 6ppm

Si 6.36

Al 1.64

Al o.69

Ti o.31

Fe" « 0.39

9 10 11 12 13

36.10 45.50 4l.li 42.24 43.60
13.26 10.42 16.59 19.62 19.09

7.29 2.48 2.00 2.02 2.57

25.30 28.10 22.61 18.64 14.80

0.05 0.13 0.13 0.08 0.10

0.20 o.4o n. d . 0.11 0.21

0.11 0.10 0.16 0. i4 0.18

8.82 6.09 9.92 8.84 9.54

1.40 2.50 1.12 2.35 4.58

I.27 1.56 0.29 0.48 0.82

3.07 2.47 0.30 0.18 0.88

- --

' 5.49 5.02 -

- - - 0.02 -

0.51 o.4o O.67 0.30 0.84

2.73 1.96 I.85 1.90 3.34

100.27 98.87 102.24 101.94 98.93

1.85 2.11

99.93 99.83

Fe"

Mn

Mg

Li

Ca

Na

K

OH

F

19ppm

30ppm

3l40ppm
30ppm

calculated to 2.4

8.00

32ppm

lOppra

1350ppm

6ppm

6.71 6. 31

1.85
0.07

2.47 2.80 2.53

6.22! 16.16

1.78J
8.00' 1.84

1.62 1.34*
0.02 0.09

0.22 o.29

7J
1.75

0.10

0.02

1.90,

0.03")
71 u

0.05

1 • 72x

5.09
63



Analysis of the micas from some of
the granites

sio2

a12°3
Fe2°3
FeO

MgO

CaO

Na20

k2°

h2°+
H2°~
TiO_

P2°5
F

MnO

Ll2°

Less 0

Si

Al

Fe" »

Al
Ti

Fe" '

Fe"

Mn

Mg

Li

Ca

Na

K

OH

F

1

35-9^

11.71

5.oo

23-91

6.35

1.65

0.42

6.95

4.15

0.03

3.33

nil

n. d.

0.50

n. d.

5.6167

2

33.10

9.77

12.19

24.48

1.95

2.37

0. 4i

5.^3

5.55

1.9^

2.96

nil

n. d .

0.64

n. d .

99.94 100.55

3

35.36

10.90

3.76

31.38

1.06

n. d.

0.97

9.04

3.74

n. d.

3.04

nil "

n. d .

O.65

n . d .

99.90

4

30. 72

11.5^

11.62

26.49

0.15

1.70

0.44

4.35

8.27

O.27

3.04

0.06

n. d .

0.64

n . d .

2.156

0.228J

.

Formula

r5.282

calculated to 24

8.0]
1.842

[0.876

5-798

2.107

0.095J
|8.

f4.744
.2.106

(1.150

0.276)

5

35.1**

6.44

4.40

34.92

0.43

0.97

0.74

8.92

3.12

0.06

2.87

0.03

n . d .

0.53

n. d .

6

37.58

15.43

4.96

25.00

0.32

1.15

I.67

7.34

0.52

1.42

tr.

2.01

0.20

99.29 101.04 101.85

1,04

100.00

1.86

99.99

7

37.38

11.89

4.38

28.65

0.22

0.16

0.39

8.78

1.84

0.67
I

.1.84

n. d.

4.36

0.4i

0.77

97.60

0.406
.690

0.126>

4.091

395 • ^°lh
0.084

0.034
- J

0.284]
201 (l

0.128>
0.854
8. 544

0.013
2.23 11

527 0.12>



Fe-biotite from Fier hastingsite biotite granite, Sara Fier

Analysis taken from Bull. 32 of Geol. Survey.

Lepidomelane (Foster) from Kula hastingsite biotite gjranite
Pankshin. Analysis taken from Bull. 32 of Geol.jSurve

Annite from early hastingsite biotite granite, Amo.

Analysis taken from Bull. 32 of Geol. Survey.

Lexjidomelane taken from Daffo hastingsite biotite granite,

Sha Kaleri. Analysis taken from Bull. 32 of Geol.

Survey.

Annite taken from riebeckite biotite granite, Amo.

Analysis taken from Bull. 32 of Geol. Survey.

Li-siderophyllite from Kudaru biotite granite.

Analysis taken from Bain (jacobson, Imperial

Institute).
Li-siderophyllite from Liruei biotite granite.

Analysis taken from Bull. 32 of Geol. Survey.

Li-siderophyllite from greisen in Rishi biotite granite,

Saiya/Shokobo Complex. Analysed by R. Batchelor,
St. Andrews.

Li-Fe-siderophyllite from pegmatitic vein in Rishi biotite

granite. Analysed by R. Batchelor.

Li-siderophyllite from greisen in Rishi biotite granite,

Saiya/Shokobo Complex. Analysed by R. Batchelor.
Protolithionite from Rayfield Gona granite, Harwell area,

Jos/Bukuru Complex. Analysed by von Knorring and

Dyson (1959)•
Protolithionite from greisen in biotite granite, Liruei.

Analysis taken from Bull. 32 of Geol. Survey.

Protolithionite from quartz-mica pegmatitic vein, Sabon

Gida South biotite granite - Jos/Bukuru Complex.

Analysed by R. Batchelor.
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especially using microprobe analyses, to study the trace

element distribution between micas from perthitic granite^,
j |

albitised granites and mineralised veins.

Xenotiae/Monazite

These rare earth phosphates have been mistakenly

considered in the past to have the same paragenesis. How¬

ever, the present study has shown that xenotirne (yttrium

phosphate) belongs to the apogranitic dispersed phase of

mineralisation whereas monazite belongs to the postjoint

phase of mineralisation.

Monazite, a cerium phosphate,- has been identified as

a euhedral mineral in altered veins predominantly associated

with the chloritic stage of alteration in the Rishi area.

Analyses of the two-minerals for ATMN produced widely differing

results at different laboratories - the following analyses

are an average of these results.

Monazite Xenotime

po0r 26.7 26.9
— 1.5

?e6°3
2 h

— 0.48
1.U5 28.9

Lao0„ 11.8 -

Cet5p 29.6 -

rrnZr0o
4.1 -

- 1.08
Nd 5 9.4 0.23
Sm 0b 0.95 0.64
GdiO^
Tb4°7
i)y2°o
Ho~0^
Er2°3

1.2 1.24
- 0.64

0.39 6.15
- 1.5
- 6.55

Tm2°2
Yb2°3Luo0^
T^O®

- 1.55
12.7
1.55

0.32 0.2
5.^5 0.94

Loss on ignition 4.8 1.7
- 96. 1.6 94.45

In thin section, monazite forms colourless to

greyish euhe'dral crystals which are generally less than 0.01



Photomicrograph 7- Cross section of a euhedral monazite
crystal under crossed nicols showing weak birefringence. It
is set in a matrix of fluorite quartz and chloritised mica
with a large anhedral isotropic sphalerite adjacent to the
monazite. From locality 103, Rishi. x 20.

Photomicrograph 8. Cross section showing rosettes of
monazite crystals, in plane polarised light, set in a matrix
of fluorite, quartz and chloritised mica. Locality as above,
x 20.
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