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ABSTRACT

The 1 :50,000 geol ogi cal map of the Tibchi Conpl ex
presented is characterised by a closed elliptical ring-dyke
framework hitherto unpredicted by pioneer workers. Maj or
rock units conprise a basalt - potassic granite suite. The
structural history of the Conplex involved a central shield
vol cano, succeeded by a caldera and fluidised intra-cal dera
vol cani sm The nodel proposed is on the principle of positive
magnma pressure during both caldera formation and ring-dyke
i ntrusion. Wth ash-fall tuff and rhyolite lavas resting
directly on the subsided baserment block within the ring-fracture,
the Tibchi Conpl ex shows the first clear exposure of the Jurassic
| andscape to be recorded in Nigeria.

An olivine tholeiite - tholeiite - andesine basalt - trachyte
sequence, and a microferrodiorite - mcrosyenite - granitic por-
phyries sequence are separately established but together appear
to forma unified petrogenetic succession. The scarcity of
nodal pl agi ocl ase, and the low | evels of calciumand nagnesi um
together with the extreme iron-enrichnent,in the rocks,are
accounted for. The petrology is conplicated by various post-
magnati ¢ hydrot hermal and netasonatic processes from which certain
distinctive rock-types forned. These processes are described in
full and expl anations offered. Cont act rmet anor phi sm previ ousl y
unassociated with the N gerian Younger Granites is recorded
in a bifacial netanorphic aureole related to the biotite

granite intrusion



Joint-controlled greisen vein devel opment and prinary
mneralisation are anong the nost extensive in the N gerian
Younger Granites.

Chem cal anal yses of fayalites, Ca-rich pyroxenes,
anphi boles and a selection of biotites and chlorites show that
these mnerals approach very closely the iron end-nenbers of
their solid solution series. Two distinct but related pyroxene
crystallisation trends are found in the porphyries. The

granite porphyry pyroxene trend" involved a significant role
of the acmte conponent in a way that suggests a nodification
of the 'quartz porphyry pyroxene trend by increased oxygen
fugacity. The presence of sufficient volatiles in the quartz
por phyry magma was probably enough to account for the observed
di fference between the two trends. Pyroxene data on the whole
indicate the Tibchi Conplex to be of tholeiitic affinity, but
with a mld alkalinity. Anphi bol es are nostly postmagnatic

in origin and define two divergent reaction series: a ferro-
actinolite - ferroedenite series, and a ferroactinolite -
ferrorichterite - alkali anphibole series. The conpositions of
t he anphi bol es are predestined by the conpositions of the
pyroxenes from which they forned.

Despite the origin of the Tibchi rocks from basaltic
liquids, the presence of |arge volunes of granitic rocks suggests
extensive crustal anatexis as possible source of additional acid

magna.
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CHAPTER 1
INTRODUCTION

1.1 The Nigerian Younger Granites

The Nigerian Younger Granite province comprises over
forty individual anorogenic ring-complexes, one of which is the
Tibchi Complex. These complexes range in size from less than
2 square kilometres up to 1500 square kilometres and occupy a
north-south zone, about 300 kilometres wide, in the north-central
part of Nigeria (Figure 1). It is now established (Black, 1963)
that the above zone extends northwards across the national
frontiers to link with a petrologically similar but older group
of ring-complexes in Niger.

A progressive north-south age trend for these complexes
from Niger to Nigeria has been proposed, indicating that mag=-
motism commenced in the early Silurian times in the Aif region
of Niger and apparently ceased in the southern extremity of the
Nigerian province in the late Jurassic period (Bowden et al.,
1976). The Nigerian province alone ranges from Upper Triassic
to Lower Jurassic,

By about the first quarter of this century, almost all
individual ring-complexes now known in the Nigerian province,
had been discovered and mapped in outline. The importance of
mineralisction was also recognised and the interest generated
then has grown over the years. By the mid-nineteen-sixties,
ring-complexes belonging mainly to the Jos Plateau area had been
mapped in detail and some of them geochemically studied. De~
tailed chemical studies of the rock-forming minerals were con-

fined to the amphiboles and to a small extent Na=-rich pyroxenes



and micas. Details of the above studies and the general
features of the Nigerian Younger Granite province including
distribution of individual complexes, structural features,
principal rock-types, and summary of the chemical characteri-
stics of the province, may be found in Jacobson et al., 1958;
Macleod et al., 1971; and Buchanan et al., 1971. Turner
(1972, 1973, 1976) has also reviewed in detail the existing
information on the tectonic setting, structure and petrology
of the province.

Since the mid-nineteen sixties research interests in the
province have diversified. Geophysical measurements
(Ajakaiye, 1968, 1970, 1974), radiometric dating (van Breemen
and Bowden, 1973; van Breemen et al., 1975; Bowden et al.,
1976), rare-earth element studies (Aleksiyev, 1970; Bowden and
Whitley, 1974; Moyes, 1979; Bowden et al., in press), feldspar
studies (Badejoko, 1977; Martin and Bowden, in preparation),
and mineralisation (Abaa, 1976; Kinnaird, 1977; Bowden and
Jones, 1978; Bowden and Kinnaird , 1978) demonstrate the current
trend of approach to the problems of the Nigerian Younger Granite
magmatism. In the same period, geological maps and descriptions
of three complexes have appeared in the literature (Turner, 1968;
Oyawoye, 1968; Turner and Bowden, 1979). Other complexes such
as Afu, Mada, Kagoro, Rishua, Fagam, Tibchi (this study) and
others still remain known only in outline.

A lot has been achieved over the years. However data on
mineral chemistry are conspicuously scarce, especially with re-
spect to certain mineral species like fayalite, Ca-rich pyroxenes
and iron-titanium oxides. In igneous petrology these minerals
play important individual and collective roles which to date

have hardly been exploited by previous workers. It is desirable



also to correlate structural, petrological, and mineralo-
chemical data in individual ring-complexes in order to impose
the necessary constraints on the interpretation of results.
Such information will make a significant contribution to the
overall interpretation of the problems of the Nigerian Younger

Granite magmatism.

1.2 The Tibchi Complex

1.2.1 Present study

The work carried out is a detailed study of the little-
known Tibchi Complex. The aim was to map the Complex and to
study its geology with respect to structure, petrology and geo-
chemistry. Emphasis on the geochemical studies is placed on
the mineral chemistry of fayalite, Ca-rich pyroxenes and
amphiboles. It is hoped that successful correlation of the
structural, petrological and chemical features should provide
a sound basis on which future work in other complexes can be

carried out.

1.2.2 Previous work

Between 1919 and 1934 when the then newly established
Geological Survey of Nigeria undertook to discover and map in
outline all occurrences of Younger Granite complexes in Nigeria,
the Tibchi Complex, then called the Tibchi-Yeli Hills, was re-
cognised and appeared for the first time in an outline map of
the Northern Tinfields of Bauchi Province (Falconer and Raeburn,
1923). Brief descriptions were given of the rock types found.

Between 1941 and 1951 three internal reports concerning

mineralisation, were written for the Geological Survey of Nigeria;



the first on wolfram occurrence in the Kalato-Kogo area
(Tattom, 1941), the second on some primary mineralisation at
Yeli ond Kogo (Rockingham, 1950), and the third a preliminary
report on the Kogo lode (Rockingham, 1951). Haag (1943), re-
viewing wolfram occurrence in Nigeria, reported on the Tibchi
area. A private report on the economic potentiality of the
Kalato area as a tinstone producer was written by Dempster
(1956).

Rb-Sr age determination on a biotite microgranite (T15)
from the Tibchi Complex, by J.N. Bennett and M.0. Rohman (pers.

comm.), gave 175 t 3 m.y. (Lower Jurassic).

1.2.3 Locotion ond access

The location of the Tibchi Complex in the Nigerian Younger

Granite province is shown in Figure 1 and access in Figure 2.1.

1.2.4 Mapping and map-preparation

The mapping of the Tibchi Complex was continued from
November 1975 to July 1976 during a period which corresponds
broadly with the dry season in the northern part of Nigeria.

Generally exposure is good and contacts among the principal
rock units are direct and well defined, although in some cases
this may be an over-generalisation.

The mapping was carried out using aerial photographs with
an approximate scale of 1:40,000 tcken in November-December 1971.
The map was drawn using an unpublished 1:50,000 planimetric
map of the Tibchi area (obtained from the contiguous Sheets 126
Ririwai and 127 Kalato of the Geological Survey of Nigeria), as

a base. With the aid of a Hilger and Watts SB100 Radial Line



Plotter of the Department of Geography, St. Andrews University,

it was possible to transfer geological boundaries directly “

from pairs of air photographs to the base map accurately.
Cartography and final production of the 1:50,000 geo-

logical map were also done by the writer,using draughting equip-

ment in the Department of Geology, University of St. Andrews.

1.2.5 Physiography and drainage

Topographically the Tibchi Complex is.conspicuous relative
to the surrounding basement, in the central ared occupied by
the biotite granite, and in the western ond eastern arcs of the
peripheral granite porphyry ring=-dyke. This is virtually the
form in which the Complex appears in the existing outline map
(Falconer and Roeburn, 1923). Details of the topographical form
of the Complex may be found in the three cross-sections of the
1:50,000 geological map accompanying this work.

In summary, the Younger Granite rocks in the Complex form
a central area of high ground, with radial droincge and marginal
basins within the peripheral ring-dyke., The Tibchi Complex
provides headwaters for two regionol river systems ~- the River
Kano in the west and the River Bunga in the east. The water-
shed between the two river systems is located along a linear
tract between Yarda Gungume and Rafin Dinya in the north-east,
running south-westerly between Kogo and Mai Lafia, to the orea

west of Kalato, Here the watershed turns south-easterly towards

01d Nukusum.

1,2,6 Climate and vegetation

The Nigerian climete is tropical, with two well-marked

seasons - a dry season and a rainy season. In the latitude



of the Tibchi Complex the dry season occurs between November
and April followed by the rainy season from May to October.
All the rain that falls in the Tibchi area is almost, if not
entirely, during the rainy season, with an average of about
112cm (44 ins) in the year. During the rainy season the
'savannah' (grassland) vegetation flourishes. Normal bush may
be quite thick in places at this time, consisting mainly of
tall grass and scattered shrubs. Rivers and streams are re-
charged and roads may become flooded where intersected by river
and stream courses and these may impair access to the Complex.
In the dry season dry conditions return.

Average maximum and minimum temperatures in the Tibchi
area are about 31°C (87°F) and 1805(64°F) respectively., There
is sunshine and warmth all the year round. The months of
November to February correspond opproximately to the 'harmattan'
period when the North-East Trade Winds begin to blow southward
into the country from the Sahara belt. At this period it is
generally cooler than normal and less humid, with air-borne

dust causing poor visibility at intervels during the day.
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Figure 2.1 Simplified geological map of the Tibchi Complex,

showing the major rock units and access.



CHAPTER 2
FIELD GECLOGY

2.1 Introduction

This chapter consists of a field description of the
principal rock units of the Tibchi Complex, based on the new
1:50,000 geological map of the Complex (in pocket).
Description follows the chronological order: the granitic
basement, the extrusive volcanic rocks, the quortz porphyries,
the granite porphyry ring-dyke and isolated dykes, and the
central biotite granite (Figure 2.1). A number of minor rock
types have been found to be distinctive from within members of
the above major rock units. These have been grouped together

as 'miscellaneocus rocks'.

2.2 The Granitic Basement

2.2.1 Distribution

The basement rocks occur both as an outer envelope to
the peripheral granite porphyry ring-dyke, and as a rock unit
enclosed within the ring-dyke itself. The basement enclosed
within the ring-dyke, hereafter called the 'enclosed basement',
is observed to be in virtually continuous contact with the
inner perimeter of the dyke, except in the north-west and
south-east. In the latter two places the ring-dyke makes
direct contact with the volcanic rocks and the central granite,
respectively. In surface area the enclosed basement occupies
226 square kilometres, of the total 344.5 square kilometres, of

all exposed rocks within the ring-dyke.

2.2.2 Lithology
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The basement rocks associated with the Tibchi Complex
belong to the group commonly known as the 'Older Granites'.
Chronologically, the Older Granites are the youngest members
of the basement superstructure in Nigeria. Macleod et al.
(1971) have given a comprehensive account of the basement
geology of the Younger Granite province, with particular re-
ference, however, to the Jos Plateau area. Relevant parts of
the above account are found to be generally applicable to the
basement rocks of the Tibchi Complex especially in terms of
regional field relations and lithological sub-divisions of the
'Older Granites'. Strictly, the 'Older Granite' basement of the
Tibchi Complex consists of adamellites. These adamellites have
been differentiated, in the enclosed basement (see 1:50,000
geological map), into a coarse-grained porphyritic hornblende
biotite Older Granite in the west, and a fine- to medium-
grained biotite (muscovite) leucogranite in the east, both
delineated by an approximately north-south boundary. The
above divisions are based on the classifications of Macleod
et al. (op. cit.). A sparsely porphyritic variety of the
coarse-grained Older Granite outcrops in a small area south of

Mai Lumba-Kori.

2.2.3 Relative age
Macleod et al. (1971) discovered in the Jos Plateau area

that the fine- to medium-grained biotite and biotite (muscovite)
leucogranites of the Older Granite basement are usually
"elongated bodies with approximately meridional trend ...."

The meridional trend of the boundary between the coarse-grained
and fine- to medium-grained types in the Tibchi Complex may have

been dictated by the later intrusion of the fine-grained phase
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into an earlier coarse-grained phase. This is consistent with
the relative age between the two phases suggested by Macleod

et al. (op. cit.).

2.3 The Volcanic Sequence

2.3.1 General

The volcanic sequence consists essentially of extrusive
volcanic rocks. These are preserved in two principal
localities: south-west of Yarda Gungume, in the north-central
area; aond north of Mai Lumba-Kori, in the west, Members of
the sequence near Yarda Gungume generally strike east-west, while
those close to Mai Lumba-Kori generally strike north-ward. The
intervening area between the two sectors is occupied by the
quartz porphyries in which a few remnant 'caps' of crystal tuffs
occur. In the extreme north, near the Ningi-Burra Complex, a
'tongue' of crystal tuff is also preserved within the Tibchi
ring-dyke framework.

Criteria for classification of the pyroclastic rocks are
based on Ross and Smith (1961). Size classification of
volcanic fragmental materials in terms of "block', 'lapilli',
and 'ash' are those of Wentworth and Williams (1932) and Blyth
(1940), except that all sizes below 4mm are regarded as 'ash' in
this study. The term 'rhyolite agglomerate' is used here to
designate an agglomerate whose faobric is composed entirely of
rounded, fragmental, and apparently 'plastic' blocks of rhyolite
(perhaps in near-consolidation state prior to pyroclasis),
welded strongly in the absence of a tuff matrix, possibly as @
vent phenomenon. Wherever the term 'ignimbrite' is used in

this study, the definition of Macdonald (1972) is implied, thus
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TABLE 2.3.2

Stratigraphical Succession of the Extrusive Volcanic Rocks

Quartz Porphyries

12. Welded crystal tuff (2) 40-50% phenocryst
11. Welded agglomerate with 40-50% phenocryst in matrix
crystal tuff matrix
10. Welded crystal tuff (1) 20-30% phenocryst. Lithic
fragments up to 30-20%
in places.

9. Welded lithic tuff Less than 10% phenocryst.
Lithic fragments much
more important.

8. Welded lapilli tuff Intercalated with at least
two (but very thin)

basalt flows.

7. Rhyolite agglomerate (see text)
6. Interbedded agglomerate, (Poorly exposed)
and basalt

5. Bedded flow trachyte

4, Basalt

3. Poorly welded tuff Leucocratic and devoid of
mafic minerals.

2. Rhyolite laves and minor

siliceous feeder dykes

1. Ash-fall tuffs

Older Granite Basement



the term is synonymous with ash-flow tuffs and includes both
welded and non-welded types. Classification according to
degree of welding assumes that the possibility of shards and
pumice fragments being resistant to compaction and flattening
during welding is small, aond hence follows the method of Mans-
field and Ross (1935): In non-welded tuffs the original forms
of the shards and pumice fragments remain unmodified; in poorly
welded tuffs there is flattening but without obliteration of the
characteristic shard structure; and in very strongly welded
tuffs there is extreme flattening (and folding round the edges

of lithic fragments and phenocrysts).

2.3.2 The stratigraphical succession

The stratigraphical succession of the volcanic rocks may
by found in the 1:50,000 geological map but is reproduced in
Table 2.3.2. The succession presented is probably self-
explanatory in terms of the rock types encountered in the field
as well as chronology.

The maximum exposed vertical (not stratigraphicul) thick=-
ness of the entire extrusive sequence is found in the Mai
Lumba-Kori sector (ref. O-P line of cross-section, 1:50,000
geological map). Here the crystal tuff (1) caops the sequence
at o topographical height of 1013 metres above sea level or 229
metres above the general basement level; +the true thickness
being approximately 450 metres, taking into account the genral
inclination towards the centre. The latter is thought to re-
present the minimum thickness before erosion.

In the Mai Lumba-Kori sector, the bottom of the extrusive
sequence is occupied by rhyolite lava lying directly on Older

Granite basement. Several stream courses run perpendicularly
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to the strike of the volcanic pile and expose the underlying |
bosement in several places. Narrow dykes of rhyolite, some= |
times up to one metre wide, are observed to cut through the !
basement, apparently as feeders to the lavas. In the Yarda
Gungume sector, the rhyolite lava lies directly on the basement
as an easterly semi-circular mass. In the northern port of the
main sequence the rhyolite lava is observed to be underlain by
ash-fall tuff. Some roundish inclusions up to 15 x 11 milli-
metres in size are found in the ash-fall tuff and have been
identified microscopically as belonging to basement lithology.
These inclusions are surrounded by thin brownish coating
suggestive of subaerial exposure and oxidation prior to in-
corporation into the ash-fall tuff, There are also isolated
grains of quartz, rounded off in outline. The above inclusions
and rounded quartz grains are interpreted as non-pyroclastic in
origin (see Chapter 4) and probably represent alluvial or eluvial
maoterial lying on the basement surface prior to deposition of the
ash=fall tuff. The total thickness of the ash-fall tuff is
_probably less than 0.5m. Based on the field relationship be-
tween the rhyolites and basement on the one hand, and the osh-
fall tuff and the basement on the other, it is apporent that the
Tibchi Complex provides the first clear exposure of the Jurassic

land surface to be recorded in Nigeria,

2.3.3 Inward dip and the tilted floor of the volconic sequence

In the Mai Lumba-Kori sector in the west, the volcanic rocks
are observed to have a general northerly strike, ond u general
easterly dip towards the centre of the Complex. Those in the

Yarda Gungume sector in the north have an east-west strike and
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a general southerly dip towards the centre of the Complex.

The above two modes of inclination towards the same centre
perhaps represent relics of an originally centripetal inward dip
phenomenon with a focus in the vicinity of the present location
of Kogo village.

Within the general inward dip in each sector, a pro-
gressively decreasing angle of dip is observed towards the
interior of the Complex. In the Mai Lumba-Kori sector, for

example, the following angles were measured, towards the central

granite:
1) Younging Dip Strike Rock type
2) Towards Centre (in degraes) (in degrees) measured
A d) Sub=horizontal north-south Crystal tuff (1)
c) 032 340 Lithic tuff
b) « 045 309 Bedded trachyte
a) 056 190 Poorly welded tuff

As can be seen by reference to the stratigraphical succession, the
dips displayed above decreased not only from periphery to centre
of Complex but also from older to younger rocks.

The floor of the volcanic sequence is considered to be
essentially the surface of the enclosed basement. Although there
appears to be a radial distribution of dip about a centre among
the volcanic rocks, the Mai Lumba-Kori group demonstrates in
addition, that the basement floor on which it rests, is probably
tilted in the north-west direction. Along the general northerly
strike of the above group, there is a step-wise disposition of

topography corresponding to successively younger rock units (see




16

geological map), all pitching an echelon towards the north-west.
For example the base of the crystal tuff (1) is at an elevation
of about 945 metres (3145ft) isograde in the south-east end of
the sequence and at about 710 metres (2700ft) in the north-west,
signifying a drop of about 235 metres within a distance of
about 2 kilometres,and a gradient of about T in 10.  Since all
units are displaced, if there was subsidence, it is reasonable

to assume that the subsidence was not everywhere equal.

2.4 The Quartz Porphyries

2.4,1 General

The term quartz porphyry is a most uncertain term in the
literature, especially in contradistinction to granite porphyry.
In the Glossary of Geology of the American Geological Institute
(Gary et al., 1974), quartz porphyry is defined as "A porphyritic
extrusive or hypabyssal rock containing phenccrysts of quartz
and alkali feldspar (usually orthoclase) in a microcrystalline
or cryptocrystalline groundmass; a rhyolite."”, and adds,
"European petrologists called pre-Tertiary and Tertiary extrusive
equivalents of granite 'quartz porphyry' and post-Tertiory equi-
valents, 'rhyolite' (Streckeison, 1967, p.189). Syn: quartz
felsite."

From the above, quartz porphyry is synonymous with
rhyolite in America and quartz felsite in Britain. Granite
porphyry is defined by the A.G.I. Glossary as "A hypabyssal rock
differing from a quartz porphyry by the occasional presence of
mica, amphibole, or pyroxene phenocrysts in a medium- to fine-
grained groundmass."

None of the above definitions can be applied successfully

to the Nigerian Younger Granite province without qualification.
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The current usage of these terms in the Nigerian literature
does not preclude the occurrence of mafic phenocrysts in

quartz porphyries (eg. Jacobson et al., 1958; Macleod et al.,
1971; Jacobson and Macleod, 1977);: in fact mafic minerals

are often used to distinguish the different varieties of quartz
porphyries as well as granite porphyries. Some authors (e.g.
Turner, 1976; Turner and Bowden, 1979) distinguish between a
'granite porphyry' and a 'porphyry', each qualified by its
characteristic mafic assemblage, the 'porphyry' being in de-

tailed description the quartz porphyry of previous authors.

2.4,2 Definition and delimitation of terminology

Although the bulk chemistry (assuming the absence of
hydrothermal activity) between the quartz porphyries and granite
porphyries in Nigeria, may be found to be identical, petro-
graphically the two rock types are distinctive. It is the
petrographical distinction that forms the basis for separating
the quartz porphyries from the granite porphyries in this study.
Support for this division will be seen later in subsequent
chapters.

In the Tibchi Complex the above petrographical difference
lies principally in the texture,and in the unaltered rocks, on
the number of phases of characteristic high temperature minerals
present. The difference in the number of high temperature
minerals will be shown later to be related to the difference in
time and mode of emplacement, between the quartz porphyries and
the granite porphyries. Macleod et al. (1971) adequately
summarised the relationships: "A distinctive sub-group" of the

porphyries "is the quartz fayalite porphyries, forming for
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example the great ring-dyke at Kudaru and small plugs cutting
rhyolite at Buji, Jere-Sanga and Lirvei. These rocks occur
as the last stage in the volcanic phase of octivity ond are
tronsitional between the microcrystalline cauldron rhyolites*
and the gronite porphyries, both texturally and in time and
mode of occurrence.”

For detoiled petrographicel descriptions, the reader is
referred to Chapter 4. Below is a brief summary of the
textural characteristics of each of the two porphyry types and
the mineralogical character of unaltered samples, as observed
in the Tibchi Complex.

In the quartz porphyry, the phenocrysts {principally
alkali feldsﬁar and quartz) would not usually exceed 7x3 milli-
metres maximum grain size, and are characteristically fragmental
in appearance. In the latter respect, the quartz porphyry tends
towards the crystal tuffs. In fact there is field evidence that
the quartz porphyry may be partly extrusive; its extrusive equi-
valent being often difficult to distinguish from the crystal tuff.
The mafic assemblage in the unaltered quartz porphyry consists
of fresh fayalite and Ca-rich pyroxene (ferrcaugite~ferroheden-
bergite series), without co-existimg amphiboles.

On the other hand, the granite porphyry consists of re-
latively large phenocrysts, reaching 18x11 millimetres in some
cases (50mm length has been recorded in Rop by Jacobson et al.,

1958). The feldspar phenocrysts show a diagnostic synneusis

*The 'cauldron rhyolites' correspond to the late rhyolites B
of Jacobson et al. (1958) and the Crystal tuff (2), this .
study. These are essentially caldera filling ignimbrites,

rather rhyolite-looking but strongly welded. They are thought
to have been fed into the calderoc by quartz porphyries,
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which is absent in the quartz porphyries. Amphiboles are
absent in the unaltered gronite porphyry, fayalite also cannot
be opticclly identified even if it moy be present aos o relict
phase in the form of iddingsite etc. Thus Ca~rich pyroxene is
observed to be the only stable mafic phase present., The
implications of these observations are treated in Chopter 3.
The disoppearance of foyalite as o stable phase in the gronite
porphyry is consistent with the earlier observation of Macleod
et al. (1971) that, "The degree of reaction which the fayalite
and hedenbergite have undergone can be correlated with the
rapidity of chilling of the intrusions and the amount of
volatiles present during tHe later stages of crystallisation.
The quartz pyroxene-fayelite porphyries, where reaction re-
lationships are mirimal, have apparently chilled rapidly."

In contrast the more slowly cooled gramite porphyries show "a
preponderance of the later members of the reaction series.”
Summary The quartz porphyry, in the Tibchi context, may be
defined as the porphyritic extrusive or hypabyssal rock con-
taining phenocrysts of quartz and alkali feldspar in a micro-
crystolline or cryptocrystalline groundmass, but showing o
varying degree of ignimbritic texture, ond with fayalite and
pyroxene as the only mafic phoses in unaltered samples. The
granite porphyry differs from the above by being exclusively
.hypabyssul and by possession of glomeroporphyritic texture,
and only pyroxene ¢s the stable mafic phase, in unaltered

samples.

2.4.3 The Tibchi Quartz Porphyries

The guartz porphyries of the Tibchi Complex occur as one
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main unit south of Tibchi Village and between the Mai Lumba-
Kori and Yarda Gungume sectors of the extrusive volcanic rocks.
There are also two separate minox occcurrences within the |
granite porphyry ring-dyke in the north-west.

The quartz porphyries of the moin unit are truncated in
the west by the peripheral granite porphyry ring-dyke and in the
east by the central biotite granite. It is observed that,
while the quartz porphyries nearest the ring-dyke remain un-
altered, a varied degree of hydrothermal alteration has occurred
in all greas on the flanks of the biotite granite, with the
alteration apparently increasing in intensity towards the biotite
granite contact.

Closely spaced traverse aond random sampling in the field,
over the entire area of the main gquartz porphyry unit, has made
it possible to draw lithological boundaries based on degrees of
hydrothermal alteration. These boundories are obviously tran-
sitional, The lithological descriptions below consist of two
parts: firstly, the "pristine’' rocks and secondly, the hydro-

thermolly altered rocks.

The Pristine Quortz Porphyries The word "pristine' is a

relative term used here to designate all the quortz porphyries
which can be shown to have been unaffected by the hydrothermal
alteration referred to above. The character of the pristine
rocks can thus be shown to be related to the original magmetic
crystallisation.

The pristine quartz porphyries comprise the two separate
minor inclusions in the granite porphyry ring-dyke, in the

north-west; and that portion of the main wnit nearest the
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ring-dyke in the west; all as shown in the 1:50,000 geological
map and Figure 4.4A (Chapter 4). Detailed petrographical
descriptions ore given in Chopter 4, Characteristically the
pristine rocks are green in colour, although it is possible

to find those with only minor alteration being essentially
green also. This observation only emphasizes the transitional

nature of the boundaries allocated in the map.

The hydrothermally altered Quartz Porphyries A broad zone

of incompletely altered rocks is shown, in the geological map,
adjacent to the pristine rock of the main unit. This zone is
amphibole=bearing. In it also fayalite and Ca-rich pyroxenes
appear unstable and are mantled by amphiboles., Along the
biotite granite contact alteration is observed to be complete,
with the absence of fayalite and pyroxene and the presence of
amphibole phases only. However only the portion of the
completely altered zone characterised by one amphibole phase
(ferrorichterite) has been shown in the geological map. Else-
where more than one amphibole may be found. Detailed petro-
graphical descriptions have been given in Chapter 4 for all the
lithological variants.

The clearest field indicotion of hydrothermal alteration
in the quartz porphyries is an obvious change in colour. This
colour change occurs first as blotches of light blue or grey on
the normally green rock. The blotches increase in size and the
new colour eventually assumes dominance over the initial green
colour as one approaches the biotite granite contact. Along
this contact lithologicel variants are found with totally blue

or grey colours. The control for the final colour observed
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will be shown iqter to be deﬁendent on the nature of the
starting (pristine) rock; ond more than one pristine rock

has been identified (see Chapter 4). Also, the colour of

the final rock can be correlated with the type of amphibole
assemblage present and ultimately with the composition of the
Ca-rich pyroxene from which the new amphiboles have formed.

The transition affects not only the mafic minerals, but also -
the feldspars and the texture of the groundmass. Electron
microprobe analyses of the mafic phases as well as X-ray
analyses of the feldspars have been used to monitor the pro-
gressive chonges; these changes have been correlated with
petrographic ohservations. Rare-earth element concentrations
in the various samples have also been determined (Moyes, 1979).
Results of the aobove analyses have been presented and discussed
elsewhere in this study, with the aim of characterising the
observed hydrothermal alteration,

e
I

2.4.4 Inclusions and relative age

The quartz porphyries are characterised in some places
by a phenomenal proportion of xenoliths., These xenaliths which
range from basalts to rhyolites, are fragmental in form.  How-
ever, certain microferrodiorite and microsyenite inclusions
observed have distinctive irregular ond diffuse borders, and
aore shown subsequently to be cognate enclaves genetically re-
lated to the porphyries.

From the foregoing, it is inferred that the guartz
porphyries were preceded in time, not only by members of the
extrusive volcanic succession already described earlier, but
also by certain primitive rock types not represented at the

3
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present erosion level. Inclusions of the quartz porphyries
are found in the granite porphyry and the latter also intrude
the former through apophyses of the ring-dyke (ref. 1:50,000
map). It is therefore inferred that the quartz porphyries
were emplaced earlier than the granite porphyry. The trun-
cation of the quartz porphyries by the biotite granite clearly
shows that the biotite granite was emplaced later than the

former.

2.5 The Granite Porphyry Ring-dyke and isolated dykes

2.5.1 General features of the ring-dyke

In plan, the Tibchi Complex is defined by a peripheral
granite porphyry ring-dyke which is elliptical in shape and
almost symmetrically disposed north-south along its major axis.
This major axis is 27.3 kilometres long while the minor (east-
west) oxis is 17.4 kilometres. The ring-dyke encloses all
other rock units, and a large area of Older Granite basement,
within its perimeter of 81.7 kilometres, and defines a total
surface area of 344.5 squore kilometres for the Complex.

The ring-dyke is virtually continuous in outcrop although
as a topographical feature it is occasionally transgressed by
the drainage systems rodiating outwards from the central granite
intrusion. Topographically, the dyke is most prominent in its
western and eastern arcs; hitherto these arcs were the only
features known of the peripheral ring structure. The ring-
dyke attains its maximum thickness of about 2 kilometres in the
west (south of Tibchi village), and in the north at the border
with the Burra Massif, the most westerly unit of the Ningi-
Burra Complex.

Photogeological interpretation of the ring-dyke is in
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favour of an almost vertical inclination in most places. In
the western arc where the ring~dyke is associated with basement
rocks preserved on the outside margin of the dyke, the actual
field impression is also that the ring-dyke has on approximately
vertical dip. In the north and west, a vertical dip may be
inferred as unlikely from the relatively extreme width of the
dyke in these places, although it is hard to decide whether the
inclination is outward or inward. Also, it may be observed in
most places, especially in the west, that while the outside
margin of the ring-dyke remains fairly regular in curvature,

the inside margin shows a less regular form and in some cases
actually protrudes into the interior of the Complex. The
regular outside margin is interpreted to indicate lack of
deviation of the dyke by changes in topography, indirectly sug-
gesting a vertical dip; the irregular inside margin is inter=-
preted to be due to varying degrees of development of apophyses
directed towards the enclosed basement block. If subsidence

of the enclosed basement block occurred, the chances of protu=-
berances of the ring-dyke extending into this fractured central
block than to the outside rigid basement wall-rock, would be
greater, Indeed the well formed, repeatedly branching apophysis
of the ring-dyke, south of Tibchi village, provides a good
illustration of the above hypothesis and is described later. In
the south, near the Sabon Gari road intersection, a cross-cutting
cliff face shows the ring-dyke literally sandwiched in the base-
ment, with both its outside and inside margins exposed. The
dyke is less than 30 metres here. Field measurements give a
strike of 120°-125° and dip of 87-90° (towards the centre of

the Complex) for the outside margin. Additional evidence on
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the ring-dyke's inclination comes from @ consideration of the
general structure of the Complex. Marginal uptilting of the
extrusive volcanic units preserved may indicate (see Chapter
3) thot an inward dip, with depth, of the ring-dyke may be
assumed., In summary, it seems certain that at the present
level of erosion, the ring-dyke may be considered to be
 generally vertical but that in detail it may have, with depth,

an inword-dipping tendency.

2.5.2 Contact relations

Since all granite porphyries may strictly be regarded
ﬁé chilled to some extent, the "chilling' described below
refers to an additional effect relaoted only to the contact
zones of the granite porphyry ring~dyke.

Chilling of the granite porphyry along the ring-fracture
has been observed agoinst busement wall rocks, and it is found
to oceur most frequently where the ring-dyke, or its apophysis,
is very thin. The chilling does not appear to couse any
appreciable dimunition of the usual size range of the con-
stituent phenocrysts, nor of the phenocryst to grdundmuss
ratio. Changes are apparent only in the groundmass. The
normal groundmass of the unaltered granite porphyry is greenish-
grey in colour, but black in the chilled borders of the ring-
dyke, signifying that the groundmass is finer in grain size in
the chilled rock.

Shearing and brecciation of the basement rocks has been
observed alongside the southern orc of the ring-dyke. Here
the dyke is very much reduced in size and possesses chilled
borders. The large feldspar phenocrysts of the coarse grained

porphyritic basement rock (with feldspar phenocrysts up to 3em)
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are crushed along multiple fault planes parallel to the ring-
dyke margin. These fault planes are only a few centimetres
or less apart and the shearing leads to elongated lenses of
sliced feldspar megacrysts.

A black, fine-grained, rhyolite-looking 'flinty' rock,
about one metre maximum width, has also been found between the
outside margin of the narrow southern ring-dyke and the adjacent
basement, near the Sabon Gari road intersection. A cliff face
exposure as well as good outcrop surface enable the 'flinty'
rock to be seen in three-dimensions and studied in detail.
Vertically it is sandwiched between the ring-dyke and the base-
ment but shows no abrasive relationships with the ring-dyke.

On the outcrop surface it retains its position between the two
rock units above but gradually pinches out in thickness over a
distance of less thaon one kilometre. Since this 'flinty' rock
is not treated further in petrographic descriptions (Chapter 4),
reference maoy be made here to its microscopic features.

Microscopically the 'flinty' rock shows layering parallel
to the ring-dyke contact and there appears to have been simply
a communition and induration of the constituent particles, with
no evidence of magmatic textures. The crystal fragments con-
sist of microcline, perthite, plagioclase and quartz. The
number of quartz grains that show undulose extinction is re-
latively small, But bulk chemical composition places the
'flinty' rock clearly in the field of basement rocks.

The above rock may have been formed either by fluidisation
along the ring fracture, prior to the granite porphyry ring-dyke
intrusion, or by cataclasis associated with ring-faulting.

The arguments are presented in Chapter 3. However, origin as
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a 'flinty crush rock' (ref. Clough et al., 1909) associated

with ring-faulting is favoured.

2.5.3 Apophysis of the ring-dyke and radial (?) dykes of

granite porphyry

In the west, south of Tibchi village, the granite porphyry
ring-dyke has an apophysis which penetrates the interior of the
Complex. This offshoot is about 250 metres wide and follows
the boundary between the basement and the main quartz porphyry
unit., It repeatedly divides in its terminal region, with the
subsidiary branches penetrating the quartz porphyries.

The ability of the ring-dyke to penetrate the enclosed
basement much more readily than the (external) basement envelope
is clearly demonstrated ocbove. The implications ore discussed
in Chapter 3.

In the south-central area of the Complex there are three
localities where small gronite porphyry dykes outcrop. South
of Mai Lumba-Kori ond at Nukusun, single dykes occur, each cut
by the central biotite graonite. The occurrence east of Kalato,
however, consists of a triplet set of dykes which have undergone
post-emplacement faulting and displacement thought to be related
to the adjacent biotite granite intrusion (Figure 2.5.3).

The above minor dykes are identical in lithology to the
main granite porphyry ring-dyke and perhaps represent an
originally larger group of radial dykes emplaced contemporaneously

with the ring-dyke.

2,5.4 Lithological variations

A lithological variation has been observed round the

perimeter of the granite porphyry ring-dyke as follows:
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In the western, northern and eastern arcs of the ring-dyke,

the granite porphyry can be described as belonging to the
pristine lithology formed at the time of magmatic emplacement

of thé ring-dyke. Mineralogically hydrous phases are absent

in the pristine rock, as described earlier in this chapter.

The southern and south-eastern arcs of the ring-dyke, however,
constitute a zone of localised variation with a marked presence
of late amphiboles and sodic pyroxenes, aond the complete acbsence
of the initial high temperature mafic phases found in the
pristine rock.

The above lithological variations are thought to be due to
hydrothermal changes caused by the later intrusion of the biotite
granife. In the south-east orc where the biotite gronite/
granite porphyry ring-dyke contact is exposed, the change in
the lithology of the granite porphyry can be clearly observed.
Details of the structural relotionships envisaged, are shown in
the cross-sections of the 1:50,000 geological map and Figure
4.4L (Chapter 3), while petrographical descriptions of all the

lithological variants may be found in Chapter 4.

2.5.5 Relative age

Xenoliths of volcanic and subvolcanic rocks are found in
the granite porphyry ring-dyke. These include the large quartz
porphyry units in the north-west arc of the dyke. Xenoliths
show fragmental forms and clear-cut boundaries with the host
rock, There are also microferrodiorite and microsyenite
inclusions whose boundaries with the host dyke rock are diffuse
and irregular. These are shown (later) to be genetically
related to the quartz, and granite porphyries and are for con-

venience referred to as 'cognate enclaves'. Obviously these



enclaves represent rocks earlier than the granite porphyry
in time, in oddition to the earlier extrusive volcanic rocks
and quartz porphyries. However, the ring-dyke and its
apophysis as well as the contemporaneous isolated dykes des-
cribed, are partially or completely truncated by the biotite
granite intrusion. Thus the granite porphyry ring~dyke and
related dykes are clearly older than the biotite granite but

later than all the other rock units of the Complex.

2.6 The Central Biotite Granite Intrusion

2.6.1 General

The biotite granite outcrops within the peripheral ring-
dyke as an elongate unit. In the western part of the Complex
it cuts the volcanic rocks and quartz porphyries and forms a
circle of hills centred around Kogo area. From this area the
granite outcrop tapers south-easterly across the Complex until
the intrusion partially truncates the granite porphyry ring-dyke
in the south-east. The biotite granite is thus in contact
with the enclosed basement for most of it# exposed total
expanse. The above contact with the basement is, especially
in the southern sector, characteristically sinuous in plan,
The biotite granite is medium-grained and generally pinkish in
colour. Detailed petrographical description is given in

Chapter 4.

2.6.2 Contact relations

Five areas of biotite microgranite have been mapped along
the morgins of the intrusion. Contact between the microgranite
and the main intrusion is gradational. While pinkish micro-

granites may be found, the majority ore whitish in colour. In
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Plate 2.6.2A ‘'Contact foliation' in a rhyolite lava (dark

grey) apparently caused by the leoter intrusion of the biotite
granite (white).
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detail, the marginal microgranite facies, as the above may be
called, is observed to be nearly always present round the
entire contact of the main intrusion with the basement. Thus
only the relatively large units have been shown on the
geological map. In contrast, no occurrence of the biotite
microgranite has been found along the contact between the
biotite granite intrusion and the volcanic rocks or porphyries.
It may be noted that it is these volcanic rocks and porphyries
that show the most intense and extensive alteration along the
biotite granite contact. A central area near Kogo is occupied
by biotite microgranite. The contact of the latter with the
main mass of the intrusion is gradational. Remnants of the
microgranite can be seen to cap some of the biotite granite hills
encircling the Kogo area, indicating the sheet-like form of the
original microgranite facies as a roof to the main granite.

The biotite granite contact with the extrusive rhyolite
in the Mai Lumba-Kori arec shows that the intrusion has caused
recrystallisation in the rhyolite and more importantly has
caused a new mineral orientation to develop parallel to the
contact (Plate 2.6.2A). The contact zone is very sharp but
devoid of chilled borders and any pegmatitic development. On
a smooth wet surface of an oriented hand specimen or a large
thin section, black elongated streaks occur parallel to the
line of contact. These black laminations, in detoil, consist
of aggregates of mica in parollel or semi-parallel alignment.
This alignment is most probably due to a stress field origin-
ating from the biotite granite intrusion. The outer limit of
this field was not investigated but another sample of a rhyolite

agglomerate further north and some metres away from the line of
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contact bears a similar imprint. This phenomenon is here-
after referred to as 'contact foliation'.

Veining of pre-existing rocks by the biotite granite
intrusion has been observed in three localities, two in the
extrusive volcanic series and one in the basement Older
Granite. The extrusive rocks veined are: the basal rhyolite
of the Mai Lumba-Kori sector, and the basalt of the Yarda
Gungume group. The biotite granite penetrates these rocks
by finger-like extensions ranging from less than 3cm wide to
é6cm or more (Plate 2,6.2B). The rhyolite is at the same time
recrystallised thoroughly while the basalt is strongly contact-
metamorphosed, but there is hardly any mechanical mixing re-
lationship between the veining granite and these rhyolite and
basalt lavas.

An apparent incorporation of Older Granite basement is found
in the area of, the microgranite facies of the pluton south-east of
Mai Lumba Kori. Here 'slicing' is parallel to the contact, re-
sulting in incorporation of basement material by the biotite
granite. A zone of hybridisation, up to about 30cm or more in
places is formed by what appears to be a mechanical mixing of
the two rock types.

Contact zone adjacent to the Older Granite basement is
not only characterised by chilled borders of the biotite granite,
but also by a thin, discontinuous, string of pegmatite. A
conspicuous feature of the pegmatite development is its "doublet"
character: the formation of two sets, one related to the biotite
granite and the other to the basement Older Granite, parallel to
each other and to the line of contact between them. Usually

each set consists of one to several minor stringlets, the
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stringlets on the biotite granite side are distinguished by
their pinkish alkali feldspars while those on the Older Granite
basement side have whitish feldspars. The colours of the
feldspars correspond to the general colours of the feldspars in
the respective rock types, hence the doublet effect of the
pegmatites can be very distinct in the field. Pegmatite feld-
spars are larger on the basement side, than on the biotite
granite side, of the contact. In the former, they may exceed
15x8cm in size and rarely up to 20x12cm; in the latter, they
are much less. The contact of the biotite granite with the
granite porphyry ring-dyke in the extreme south-east is marked
by pegmatite knots also but without the 'doublet' effect des-
cribed aobove. The contact of the biotite granite intrusion
with the volcanic rocks and the quartz porphyries is devoid of
pegmatites. Apart from marginal pegmatites, there are scarcely
any pegmatites found in the main body of the biotite granite
intrusion. At the summit of the Yeli hill, however, thin strips
of pegmatites are observed to mark off, at intervals of a few
metres, horizontal sheets of granite. ' This summit facies of
the biotite granite is about 50% finer grained than the main
rock, and whitish in colour owing to the nature of the feldspars
present. The pegmatites found here are considered to be
analogous to the pegmatite facies described earlier for the
biotite granite margins.

Displacement of a triplet set of small granite porphyry
dykes has been observed at the biotite granite contact, near
Kalato (Figure 2.5.3). The dykes have been displaced by a set
of complementary faults, as plotted in the figure above.

The brecciation, shearing and incipient mylonitisation associated
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with the displacement are well preserved in the field.

Contact metomorphism is observed to have taken place in
the basalt lavas adjacent to the biotite granite contact. The
metamorphic effects are witnessed as far as up to 1.6 kilometres
from the exposed margin of the granite intrusion. A bifacial
paragenesis has been optically established namely, an albite
epidote hornfels facies in the outer part of the aureole, ond
a hornblende hornfels facies nearer the granite contact. The
hydrothermal alteration of the quartz porphyries, and the
devitrification and recrystallisotion of the acid lavas ond
tuffs have already been mentioned in connection with the
biotite granite contact effects. Details of the contect
metamorphism, hydrothermal alteration, devitrificotion and re~
crystallisation may be found under petrogrophic descriptions
(Chapter 4) of the respective rock types. Lastly it may be
mentioned that along the contact zone of the biotite granite
also, the enclosed basement rocks consisting of hastingsite
biotite (muscovite), adamellites are found to be thoroughly
recrystallised, with brown biotite cppearing as the only mafic

phase. This reaction in the basement is not discussed further.

2.6.3 Greisen vein development and minerglisation

Greisen vein development and mineralisation in the

~ Tibchi Complex ore probably comparable only to the most exten-
sive occurrence elsewhere in the Nigerian Younger Granite
province. The economic potential of the greisen veins,
particularly the great Kogo Lode, and mineralisaotion in
general, including primary and alluvial, in the Complex, hod pre-
occupied previous workers, |

In the geological mapping {this study), effort has been
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made to locate as many of the greisen veins as could be re-
presented within the working scale of the map.

The greisen veins are concentrated in the biotite
granite; occurrence of these veins in the basement rocks
adjacent to the biotite granite, can be shown to be related
to biotite granite underlying the basement rocks in the re-
levant marginal zones. This is particularly evident in the
southern parts of the Complex where the biotite granite can
be seen to disappear beneath the basement cover, at low angles.
The envisaged general relationship between the basement 'roof’
and the biotite granite intrusion, is shown in the cross-
sections of the 1:50,000 geological map. At the biotite
granite margins, greisen veins are observed to pass through to
the basement, undeviated; so also from the main biotite
granite to its microgranite facies.

Generally, greisen veins of the Tibchi Complex are seen
to occur as single or multiple veins. Single veins are usually
thin and are found to be of little economic importance. The
multiple veins, on the other hand, are much more important in
terms of overall size and economic mineralisation. Multiple
veins may occur either as unidirectional, or anastomosing,
swarms. Unidirectional swarms consist of parallel to sub-
parallel veins forming a mass of limited lateral extent; often
the juxtaoposition may be so tight that to o first approximation
the contiguous mass may be regarded as one entity. Figure
2.6.3A illustrates the above phenomenon at the stage where
individual veins may still be discernible. Larger greisen
veins, such as the Kogo Lode, may have originated in the above

fashion.
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Joint control appears to have been a dominant feature
in the observed form and distribution of the greisen veins.
This is clearly evident from the 1:50,000 geological map.

Even in the case of anastomosing patterns it is found, as

in the basement rocks east of Kalato village, that the exist-
ing joint pattern is equally complicated. However, joint
control is probably not a rule (Rockingham, 1951).

The Kogo Lode is specifically labelled on the geological
map. It is a system of mineralised greisen veins consisting
of one main trunk and some subsidiary branches. The.muin
trunk is more than one kilometre long and up to 14 metres
wide (Rockingham, 1951). Reports on this lode are contained
in the list of references.

The following minerals occur in the Complex:
Cassiterite, Sphalerite, Wolfram, Pyrite, Arsenopyrite,
Chalcopyrite, Chalcanthite, Native Copper, Molybdenite, Galena,

and Siderite.

2,6.4 Relative age

A few xenoliths of extrusive volcanic rocks are found in
the biotite granite, especially close to the contact with the
above rocks. Occasionally xenoliths of basement rocks have
also been found, but usually such xenoliths are more evident
in thin section. However, the biotite granite is observed to
cut all the other major rock units of the Complex, and was

thus clearly the last to be emplaced.

2.7 Miscellaneous Rocks

2.7.1 The chlorite microcline porphyry dyke
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This is o narrow dyke situated in the Older Granite
basement south-east of Tibchi village (ref. 1:50,000 geological
map). It is oriented north-south, and is about 750 metres
long and 10 metres wide. Its contact with the basement is
clear and sharp. Occasionally inclusions of basement caon be
seen in the dyke, as thin slices parallel to the line of contact.

At its southern extremity the dyke is truncated by
apophysis of the granite porphyry ring-dyke. This apophysis
is seen to be chilled against both the adjaocent basement and
the chlorite microcline dyke. A cross-cutting stream course
exposure in the far north of the chlorite microcline dyke shows
that the latter is essentially vertical in attitude.

The observation that the granite porphyry ring-dyke
apophysis cuts and chills against the dyke described above,
indicotes that the latter is post-dated by the ring-dyke and
related minor dykes.

In hand specimen the chlorite microcline dyke rock has a
distinctive grey colour and can be readily distinguished from
the granite porphyry. Detailed petrographical descriptions
are given in Chapter 4. The unusual feature of the chlorite
microcline dyke, however, is the presence of microcline as
phenocrysts in an apparently rapidly crystallised hypabyssal
intrusion. The microcline is unusually fresh even in hand
specimen. Other pecularities of both the microcline
phenocrysts and the chlorite (which is seen as the only mafic

phase) are described in Chapter 4.

2.7.2 The south-eastern suite of oversaturated and under-

saturated peralkaline and peraluminous rocks




In the south-eastern part of the Complex, where the
biotite granite makes contact with the ring dyke, a roughly
rectangular body of biotite granite about 1x0.5 kilometres
in size, stands out topographically distinct from the general
level of the main intrusion. The above rectangular mass forms
a ridge rising to a crest of about 75 metres, and its rock is a
distinctly whitish medium-grained biotite" granite which con-
trasts with the pinkish, though medium-grained, rock of the
main biotite granite intrusion. About two-thirds of the way
up to the northern part of the ridge, a fine- to medium-grained
variety of biotite granite appears, in apparently horizontal
sheet position. This latter rock is characteristically
'stained' by the presence of haematite and possesses several
healed fractures and cross-cutting black veins (Plate 4.6J).
Samples from the above rectangular ridge of biotite granite,
including the fine- to medium-grained biotite granite, show
unusual petrographic character relative to the main intrusion.
Especially important is the presence of metamorphic textures.
One analysed sample shows that the ridge may be composed of a
peralkaline, acmite-normative anti-perthite biotite granite.

At the crest of the ridge, towards the northern extremity,
is a linear zone about 50x30 metres, of mostly syenitic
peralkaline rocks. This linear zone strikes roughly parallel
to the long axis of the ridge. There appears to be an over-
lapping zonation of the component units as sketched diagrama-

tically in Figure 4.6.2. The following rock types have been

* Strictly, siderophyllite in composition.
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sampled:

(a) Aegirine-augite ferrorichterite syenite (sodic) - white
(b) Arfvedsonite syenite (potassic) - pink

(¢) Arfvedsonite haematite syenite - red .

At the contact between the acegirine-augite ferrorichterite
syenite and the peralkaline biotite granite (the main ridge-
rock), is a white arfvedsonite granite (sodic). At the con-
tact between the amphibole syenite and the peralkaline biotite
granite is a biotite arfvedsonite granite.

Detailed petrographical descriptions of the above rocks
are given in Chapter 4. The unusual character of these
peralkaline syenitic rocks ond their associated contact modifi-
cations are evident firstly in their metamorphic textures (as
described in Chapter 4) and secondly in their chemistry
(Chapter 6). Evidence from these and other sources in this
study suggest possible metasomatic origins for the observed
textures and chemistry.

At the contact of the biotite granite with the granite
porphyry ring-dyke, near the suite of peralkaline granites and
syenites described above, is a 'screen' of 'basement' rock
about 400x100 metres in size. This rock has a dark green
colour and is characterised by a coorse porphyritic texture
transitional to aphanitic modifications, in some cases even
within the same large hand specimen. The porphyritic texture
is due to the presence of magacrysts of sodic plagioclase.

The absence of quartz is conspicuous in this rock which, be-
sides its dark green colour would at a glance be regarded as
of basement lithology. The dark green colour is due to the

pervasive presence of hastingsitic amphibole as the only mafic
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phase; Chemically the rock is vndersaturated, nepheline«
normative and peraluminous; such a rock with sodic plagiocclase
as phenocryst and amphibole as the only mafic phase, is hitherto

undocumented in the Nigerian Younger Granite province.
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CHAPTER 3
THE VOLCANO -STRUCTURAL AND INTRUSIVE

FEATURES OF THE TIBCHI RING-COMPLEX

3.1 Introduction

In this chapter attempt is made to reconstruct the
volcano-structural and intrusive history of the Tibchi Complex
on the bosis of important relict features preserved in the
field geology and on the basis of established criteria docu-
mented in other areas of ring-complex development,

Ring-complexes are expressions of near-surface magmatism
which can either be of calc-alkaline or alkaline lineage.

The calc-clkaline lineage is usually connected with orogenic
belts, the ring-complexes being documented as helonging to the
post-orogenic stages of magmatism. The alkaline lineage is,
on the other hand, found in anorogenic ereas. Without pre-
judice to the remote implications of plate tectonics, the
common characteristic features of ring-complexes in post-
orogenic and anorogenic areas appear to justify the unified
approach to ring-complex development adopted by previous
workers. Clough et al. (1909) working in the cale-alkaline
post-Caledonian Glen Coe Complex favourably compared the latter
to the modern 'alkali' anorogenic Askja Caldera in Iceland,
while Pitcher (1978) found the ring-complex development in the
'alkali' anorogenic Younger Granite province of Nigerig
comparable to that in the calc-alkali post-orogenic stages of
the Coastal Batholith of Peru. Therefore it is obvious thot
emphasis is placed on the structurol evolution of the ring-
complexes during near-surface magmatism, irrespective of rock

association. This is the view odopted in this chapter.
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The second part of the chapter deals with the origin
of ring-complexes associated with caldera formation, with
special referenceto the Tibchi Complex. Specifically the
mechanism of surface cauldron subsidence and ring-dyke
intrusion are considered, beginning with a critical review of
important propositions since 1909 and ending with a simple model
for the Tibchi Complex, that most satisfies the observed field

relations.

3.2 Evidence for surface cauldron subsidence and the formation

of a Jurassic caldera in the Tibchi Complex

Evidence for subsidence of the central block within the
surface area defined by the present peripheral dyke of the
Tibchi Complex may be summarised as follows:-

(a) If the ring-dyke intruded along a ring-fracture, then
the observed completeness of the ring-dyke through 360° of
the ellipse, would be presumed to indicate that the ring-
fracture was virtually complete in outline. Subterranean
support for the central block would clearly be under enormous
strain and the likelihood of continued support is doubtful

in the light of withdrawal of magma through intrusion along
the fracture itself.

(b) The occurrence of the 'flinty crush rock', and the
presence of other evidence of shearing of the basement rocks,
along the ring fracture, have been observed.

(¢) The preservation of extrusive volcanic rocks within

the ring-dyke but not outside, can best be explained by
preferential subsidence of the enclosed block on which the
preserved volcanic rocks initially rested.

(d) That the extrusive rocks preserved are found to lie



directly on the enclosed basement’'s surface, suggests that
the volcanic rocks had been initially laid on o basement
surface undergoing erosion rather than having been deposited

in a major tectonic depression or londmass undergoing sedi-

- mentary deposition.

(e) The apparent centripetal dips of the extrusive volcanic
rocks suggest a sagging of the subsided volcanic pile. This
is more likely if it is admissible that deposition was
initially on a landmass undergoing erosion rather than deposi~
tion,

In a broad sense, the presently exposed surface of the
enclosed bosement does, from the foregoing, represent the
exhumed Jurassic land surface which was intersected by the
initisl ring-fracture. Thus a surfoce cauldron subsidence
inextricably associated with a caldera as its surface expression,
is preserved in the Tibchi Complex at the present level of
erosion., A caldera of that time cannot be expected to be
wholly preserved today. Instead, what is seen in the field
and recorded in the geological map, is merely a level in the
denudation history of a caldera/ring-dyke association, at which
the base of the subsided volcanic pile is exposed relative to
the ring-fracture (ring-dyke) framework.

Two ways by which the amount of subsidence can be
estimated are: from the thickness of the extrusive volcanic
rocks within the subsided central ‘block, and from the difference
in elevation between definite strotigraphic levels such as
sedimentary units or the contact between the basement and
volcanic rocks within, and ovtside, the ring-structure.

The lack of sedimentary units in the basement rocks, and the

absence of volcanic rocks outside the ring-dyke, render the



second method impracticable. On the first method, the
moximum vertical thickness of the volcanic rocks preserved,
can be obtuined by projecting the moximum elevation of the
extrusive rocks to the base of the 'saucer' shaped structure
formed by the centripetol dips (in the 0-P line of cross-
sections: 1:50,000 geological map). This gives an approxi-
mate value of 600m, which however must be regarded as the

minimum down-throw, in view of subsequent erosion,

3.2.1 Discussion

The term 'cauldron subsidence' often used unqualified,
has created an unnecessary doubt in parts of the literature.
The doubt stems from lack of recognition of the long established
existence of two different kinds of cauldron subsidence.
Surface cauldron subsidence (Clough et al., 1909) essenticlly
involves ming-faulting ossocicted with fractures which can be
shown to have intersected the pre-existing land surface. On
the principle of surface cauldron subsidence, ring~complex
development is necessarily associated with(surfuce)culderas.
Subterranean couldron subsidence (Clough et al., 1909; Richey,
1928), on the other hand, is based on the principle that a
complete ring-fault could develop below the ground surface;
a cross-frocture forming the roof of an initial ring-fracture
could separate the central block which then becomes free to
subside into the magma chamber. A classicol example is the
Mourne Mountoins of Northern Ireland (Richey, 1928), |

Having made the above distinction clear, further reference
to subterranean couldron subsidence will not be made, siJce it
is obviously inapplicable to the Tibchi case. |

Apart from the classic Glen Coe example, surface cauldron



47

subsidence has been well documented in the following ring-
complexes:~ Ossipee Mountains of the White Mountain Magma
Series (Kingsley, 1931), the Baerum, Glitrevann, Sande, and
Drammen Cauldrons® in the Oslo Region of Norway (Oftedahl,
1953). In Nigeria, the following complexes are believed to
be associated with surface cauldron subsidence:- Ririwai
(Jacobson et al., 1958), Banke (Jacobson and Macleod, 1977)
and Ningi-Burra (Turner and Bowden, 1979). The only British
Tertiary igneous complex confidently ascribed to surface
cauldron subsidence is Centre 1, Mull, which Richey (1932)
considered to have "originated through a ring-fissure having
extended to the surface”.

The chief criteria employed by the different workers
above in establishing the case of surface cauldron subsidence
in their respective ring-complexes, may be summarised briefly
as follows:

(1) Evidence for loss of stratigraphical height in the
central block enclosed within the ring-structure is given in
one of two ways (sometimes both). Extrusive volcanic rocks
preserved inside the ring-fracture but not outside is generally
quoted. In exceptional cases such as in the Baerum Cauldron,
extrusive rocks are found both inside and outside the ring-
structure and it is observed that the thickness outside is much
reduced. It appears to be only time dependent for the outside
extrusive rocks to be completely obliterated by erosion while

those within the ring-structure still remain preserved.

* Oftedohl defined in his text the term 'cauldron' as simply
connoting that the subsided area was not connected with "an
active volcano or a volcanic explosion", otherwise the term
is synonymous with surface cauldron subsidence unit.



Depending on the type of basement involved, (and this
needs to be partly at least sedimentary), displacements in
the stratigraphical column of the basement rocks may be re-
corded within the down faulted central block relative to the
column outside the ring-fracture as in Glen Coe and the Oslo
Cauldrons. In these cases, it is observed that within the
ring-fault upper units are brought into juxtaposition with
lower members outside the ring, and boundaries of outcrop be-
tween any given pair of units is usually shifted around within
the cauldron.
(2) Marginal uptilting of the volcanic sequence preserved
within the ring-structure gives rise to a 'bowl' or 'saucer'
structure in cross-section. Vertical and overturned effects
have been observed against the ring-fault in Glen Coe (Clough
et al., 1909). Occasionally resurgent doming by subsequent
central intrusion could cause o reversed outward tilt in some
parts of the original 'bowl' as in the Sande Cauldron (Oftedahl,
1953), Ririwai Complex (Jacobson et al., 1958) and Centre 6,
Ningi-Burra Complex (Turner and Bowden, 1979).  Marginal
uptilting is not, however, found to be universal, nor does it
need to be always centripetal. Tilting en masse has been ob-
served in some complexes. In the Baerum Cauldron, cited
earlier, marginal uptilting is found to be absent and Oftedahl
(1953) interpreted this to indicate subsidence along vertical
ring-faults. The principle behind marginal uptilting and
"bowl' structure in cross-section is subsidence guided by ring-
faults whose dip change gradually inward with depth (Oftedahl,
1953). The possibility, however, remains that in some cases
the apparent sagging may be due to deposition of the volcanic

rocks on originally inward-dipping surfaces.
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(3) Mechanical evidence of faulting is considered extremely
important by most workers and is seen along the line of the
fault, or alongside ring-intrusion (if any) in the form of
cataclastic brecciation, crushing and mylonitization. One
problem is distinguishing the so-called 'crush-rocks' from
normal rhyolite or rhyolitic tuff exploring the same ring-
fracture. The historical example is the "flinty crush-rock"
of Glen Coe Complex (Clough et al., 1909), thought to be the
final product of intense shearing caused by ring-faulting.
The rock has a characteristic 'flinty lustre', dark celour,
frequent, but not consistent, flow banding which is more
pronounced in thin section and an extremely comminuted texture
that reveals only "the beginnings of a crystalline structure"
in its groundmass. Reynolds (1956), Hardie (1963), Roberts
(1963), and Taubeneck (1967) have individually come to the
conclusion that the so-called "flinty crush-rock" of Glen Coe
was indeed essentially pyroclastic rather than cataclastic,
and produced by fluidisation in vents located along the fault

after cataclasm had taken place. The lack of pronounced strain

shadows in the quartz fragments was also considered a negative
evidence for cataclastic origin of the crush-rock.

The Tibchi "crush-rock" described in Chapter 2, in many
ways resembles the Glen Coe example above. Although like the
latter, there may be insufficient amount of strain shadows in
the quartz fragments, the latter intrusion of the granite
porphyry ring-dyke may have had o reverse effect on these
quartz fragments through reheating, although it may be difficult
to explain this in detail owing to the very fine grain size
involved. However what appears to be overwhelming evidence of

the source of the Tibchi crush-rock is the nature of the bulk
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chemical composition; this places the rock clearly in the
field of the basement rocks. Perhaps the best possible ex-
planation is that the crush-rock was derived from the basement
through intense grinding. Until the thermal effect of the
latter intrusion of the granite porphyry ring-dyke on the
crush-rock is fully investigated, the question of insufficient

strain shadows in quortz fragments must be kept at a low profile,

3.2.2 Conclusion
The three most important criteria documented in well

established cases elsewhere, of surface cauldron subsidence,
are met in tHe observed field geology of the Tibchi Complex
(Chapter 2). Clearly there is a strong case for the obove type
of subsidence. - |

- In the use of basement stratigraphiccel displacement for
estimating the amount of down-throw, an over-riding precondition
seems to be that the basement be in pert at least, sedimentary.
Hence in New Hampshire, and Nigeria, as well as parts of the
British Tertiary province, where basement is mostly or entirely
granitic, surface cauldron down-throw will have to remain a

matter of conjecture.

3.3 Pre-caldera Volcanism ond the Probability of o Central

Volcano

3.3.1 Distinquishing between the pre-caldera and intra-caldera

phases of volcanism in the Tibchi Complex and adjoining
complexes.
Most of the work so far done in the Nigerian Younger
Gfonite province has been concentroted in the southern sector,

especiolly in the Jos Plateou aree. In this southern sector






