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In most areas the Birrimian is so complex,
variously metamorphosed, so deformed, so

weathered and so obscured that it is not pos
sible to construct a conventional geological
map. To do so will waste an unconscionable

amount of time on petrological studies in an

attempt to define and delineate mappable rock

types. The only results likely are either

(a) that the geologist goes frantic or sub

sides into a coma of frustration, depending
on his temperament, or (b) the production of

a pretty, plausible but untrue map based on

a convenient interpretation of the little evi

dence available.

D. A. Bates (l96l)
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PREFACE

Mmawofo nwo mma

mmofuo nkun nam

Yen e edie sika, yen ya sika ntu.

(May the women bear children

May the hunters kill meat

We who dig for gold, let us get gold to dig.)

From the Ashanti Odwira ceremony

In May 1963 I went to Ghana, West Africa, as a Peace

Corps geologist to work with the Ghana Geological Survey.

Our group of 23 Peace Corps geologists had assignments rang

ing from prospecting and evaluation of mineral deposits to

geological mapping. Dr. Olcott Gates, Associate Professor

(on leave) from Johns Hopkins University, accompanied us as

Peace Corps field officer. His job was to provide technical

assistance, act as liaison between the Ghana Geological Sur

vey and the Peace Corps, and console us whenever there was a

shortage of beer. Dr. Gates (1966) has written a brief de

scription and appraisal of the project.

I joined a group assigned to map the southern part

of the Tarkwaian System and adjacent rocks in the Dunkwa 30*

Field Sheet (fig. l) . We hoped to determine the stratigraphy

and structure of the Tarkwaian System and to locate gold-

bearing beds. We mapped northeastward from Tarkwa, an old

gold mining district where the stratigraphy and structure are

well known, to Dunkwa, the site of numerous gold dredging
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operations during the past 50 years.

Our group of geologists had an international charac

ter. Project chief, Eduard van Es, from The Netherlands,

mapped the north half of the field sheet area; Brian N. F.

Hunt, an Englishman, mapped the southwest quarter; Benjamin

K. Pentsil, a Ghanaian, and I mapped the southeast quarter.

After completing his portion in early 1964, Hunt left the

Ghana Geological Survey. Pentsil left shortly after to work

on his Ph.D. at Stanford University.

Van Es and Hunt mapped Tarkwaian sedimentary rocks

that crop out in a band 15 miles wide extending across the

Dunkwa Field Sheets area from the southwest to the northeast.

They found rocks metamorphosed up to the amphibolite facies,

contrary to the popular belief that the Tarkwaian is meta

morphosed to only the lowest grades. To the northwest and

southeast there remained unmapped areas most probably under

lain by older Birrimian schists and associated granitic rocks.

As the northwest corner of the area has few outcrops, a pre

liminary investigation indicated that a full-scale mapping

effort would not produce much information. The southeast

corner, however, has an unusually large number of outcrops.

Excited by this good fortune, Pentsil began mapping the

southern half of Field Sheet 48, Dunkwa S. E. 15
f
quadrangle,

an area mostly underlain by Birrimian schists. It was de

cided that I should map the north half of Field Sheet 48,
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mostly underlain by granitic rocks.

The rocks in the western part of Field Sheet 48 (fig.

l) are difficult to interpret. Michael T. Field, another

Peace Corps geologist, came to our project to map in detail

the adjoining parts of Field Sheets 47 and 48. He found that

the eastern Tarkwaian rocks were very similar in composition

to the western Birrimian rocks and that both had been meta

morphosed. Field also found a new unit at the base of the

Tarkwaian System. This is a metamorphosed, coarse-grained

arkose that appears, at first glance, to be granite, and had

been mapped as post-Tarkwaian granite by Hunt and previous

workers. We had hoped this body would prove to be the post-

Tarkwaian granite which might in part explain some of the

metamorphism in the Tarkwaian System, although it was a com

mon opinion that no granitic rocks have formed in southern

Ghana since Tarkwaian sedimentation. To date no widespread

occurring proven post-Tarkwaian intrusive rocks have been

found except for bodies of hornblendite and diabase dikes.

I left the project in April 1965 At the time of

this writing all the mapping has been completed. The com

bined work of van Es, Hunt, Pentsil, Field, and me, along

with preliminary mapping by various other geologists, will

be presented as a Bulletin of the Ghana Geological Survey

with the probable title Geology of the Dunkwa j Field Sheet,

Ghana, West Africa.
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This thesis was submitted to the committee in May

1967.

Robert H. Fakundiny
June 1967



BIRRIMIAN METAMORPHIC AND ASSOCIATED GRANITIC ROCKS

(PRECAMBRIAN), SOUTH-CENTRAL GHANA, WEST AFRICA

by

Robert Harry Fakundiny

ABSTRACT

The Birrimian System forms most of the exposed Pre-

cambrian shield of West Africa. About half of Ghana is

underlain by Birrimian metamorphic and granitic rocks.

In the Dunkwa S. E. area (Field Sheet 48) of south-

central Ghana, interlayered sedimentary and volcanic rocks

were metamorphosed to greenschist and amphibolite facies.

These sheared and tightly folded metamorphic rocks have in

cipient retrograde metamorphism of biotite and garnet to

chlorite or hornblende to biotite. Two large intrusive

bodies in the metamorphic terrain may be partly the result

of granitizations (l) the Pra River complex, an albitized

laccolith or sill, consisting of quartz monzonite, quartz

diorite, and granodiorite| (2) the Twifu Praso complex of

albite granite and granodiorite gneiss.

All of the above rocks were folded along northeast-

trending fold axes. Then a third granitic body, the Wuwu

River albitized quartz monzonite, intruded and locally re

folded the older rocks.
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INTRODUCTION

Thunder is not yet rain.

Kenya proverb

Precambrian schist, gneiss, migmatitic and granitic

rocks crop out in Dunkwa S. E. (Field Sheet 48) south-central

Ghana (fig. l) . They are part of the Birrimian and Tarkwaian

Systems of the West African shield. Birrimian and Tarkwaian

rocks, not yet mapped in detail, contain most of the mineral

deposits of West Africa.

Regional Setting

Those who are absent are always wrong.

Congolese proverb

The Precambrian shield of West Africa, also called

the Guinean shield, extends from Senegal and Mauritania on

the west to Nigeria and The Cameroons on the east and from

the central Sahara Desert on the north to the Gulf of Guinea

on the south (fig. 2). The Precambrian systems recognized,

from oldest to youngest, are: Dahomeyan, Birrimian, Tark

waian, Akwapimian, Togo, and Buem. Other local terms equiv

alent to these are used in parts of West Africa. Extensive

granitic bodies were emplaced during Lower and Upper Bir

rimian times. These are Gl, also called Cape Coast and

1
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Winneba-Wa granite associated with Lower Birrimian, and G2

or Dixcove granite associated with the Upper Birrimian.

Figure 3 shows the areal extent of Birrimian schists and

associated granitic rocks. Most studies of the West Afri

can shield have been made by French and British geologists.

Their use of "granite" includes all rocks from granite to

diorite that have granitic textures. Figure 4 is a correla

tion chart compiled from the sources listed. Scrutiny of

this chart will show that many French geologists do not en

tirely agree with the succession given above. In 1948 at

the International Geological Congress held in Great Britain,

the majority of West African workers present voted for the

above succession, but attached a note stating that the French

vere not satisfied (Blondel, 1951> p 12). A brief survey

of the literature reveals few facts to support either the

British or French points of view. Lack of exposed contacts

appears to be the principal reason for differences in inter

pretation .

Probably the best recent resume of the geology of the

West African shield is presented by Hurley and others (1966) .

Their discussion of the Birrimian System is quoted below. It

was apparently distilled from a large selection of literature

that reflects the general beliefs presently held about the

West African shield. Unfortunately, the writers did not ref

erence their summary.
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The Precambrian Guinean Shield of West Africa trends

westerly from central Nigeria some 1500 miles through

Dahomey, Togo, Ghana, Ivory Coast, Liberia and south

western Guinea to western Sierra Leone, and extends

inland from the coast for 400 to 600 miles into

southern Niger, Upper Volta, and Mali. Development
of the shield was characterized by at least three

early periods of geosynclinal sedimentation with two

intervening periods of orogenic deformation and mul

tiple granitization . Deposition toward the end of

the Precambrian is characterized by relatively small

isolated belts of sedimentary and volcanic rocks of

predominantly continental origin, not widely affected

by granitic intrusion. Inf ra-cambrian or early Cam

brian continental sedimentation roughly rims the

shield, and in Ghana overlies it in an extensive basin

area.

PRECAMBRIAN

After a period of denudation, a second cycle of sedi

mentation /the first being Dahomeyan7, the Birrimian,
occurred in an extensive geosyncline formed on the

Dahomeyan floor. The eastern margin of this trough
trended in a northerly direction, parallel with the

fold axes of the Dahomeyan.

In Ghana, the type area for the Birrimian, the system

is characterized by a lower division of phyllites,

schists, tuffs, and graywackes; and an upper division

of greenstones, meta-lavas and pyroclastic rocks,

hypabyssal basic intrusives, phyllites, and gray

wackes. The rock /sic/ are highly folded, with axes

trending NNE-SSW parallel to the eastern boundary of

the geosyncline. In the gold belt, steeply-dipping
auriferous quartz reefs are associated with shear

zones close to the contact between lower and upper

Birrimian .

In Ivory Coast, the Birrimian is made up of phyllites

and argillaceous, tuffaceous, sericitic, graphitic,

quartzitic, and arkosic schists, with minor amount of

impure feldspathic and tuffaceous quartzites and ex

trusive greenstones. Contrary to the sequence mapped

in Ghana, it appears in Ivory Coast that sedimentary
facies ("Lower Birrimian") is at least contemporane

ous with, and possibly younger than the greenstone

facies, and it is proposed that the greenstones were

derived from rocks ejected onto the Dahomeyan floor,
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followed by pelagic deposition of jaspers (now

quartzites) and then graywackes. The Birrimian in

Ivory Coast is intensely folded, with vertical dips.
The strike is NNE-SSW in the eastern part of the

country; variable from NNE-SSW to N-S in the central

and western parts of the country, occurring as elon

gate roof pendants in granite.

In Sierra Leone and Guinea, the Birrimian occurs as

the Marampa schist, a group of quartzites, quartz

schists, garnetiferous biotite schists, para-gneiss,
and hematite schists, invaded by various types of

granites, numerous quartz veins, and some dolerite

dikes. In Guinea the Marampa schists also contain

amphibole schists and amphibolites .

Birrimian Granitization

Following the Birrimian sedimentation, a second

cycle of orogenic deformation was initiated, again
with synorogenic concordant granitic intrusion on a

very large scale followed by discordant batholithic

intrusions.

1. Concordant Granites-Baoule-type granites, with

their type area near Bouake, Ivory Coast, cover wide

areas in Ivory Coast, Guinea, southeast Senegal, and

Upper ?olta. Texture and composition varies, but is

dominantly monzonitic. Concordant granites have in

duced metamorphism in the invaded rocks, but they
have not developed migmatitic envelopes. In Ghana,
the G-l, or Cape Coast granite, appears to correlate

with Baoule-type granites, and is characterized by
biotite gneisses, muscovite-biotite-granite gneisses,

porphyroblastic biotite gneisses, and biotite grano-

diorites, with associated aplites and pegmatites. In

Sierra Leone, granites which may be grouped with con

cordant granites to the east cover more than half the

country. The predominant type is biotite granite,
but muscovite granites also occur. The granites com

monly show foliation, particularly near to schistose

rocks. Muscovite granite and granite pegmatites

appear to be associated with much of the mineraliza

tion in the Kambui schists.

2. Discordant Granites-Bondoukou granites, with

their type area around Bondoukou, Ivory Coast, have

discordant relationships with the rocks which they

intruded, and they are younger than concordant
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granites, being post-tectonic. They are calc-

alkaline or hyperalkaline in composition. In Ghana,
discordant granites are represented by the G-2, or

Dixcove granite type, consisting of typically non-

foliated hornblende and biotite granodiorites and

granites with Na greater than K. Dixcove type gran
ite is younger than the Cape Coast types, and is be

lieved to be the source of the gold-bearing fissure

veins which cut Birrimian schists and carry such

associated minerals as pyrite, arsenopyrite , galena,
pyrrhotite, and sphalerite. Age determinations on

galena from veins of this type in Ghana, Upper
Volta, and Upper Guinea range from 2160 to 2220 m.y.

Tarkwaian- Togo Series

Following erosion of the Birrimian, a geosyncline or

series of miogeosynclines formed on the Birrimian
floor with axes parallel to the NNE-SSW strike of the

Birrimian fold axes.

In southern Ghana, a series of (auriferous) sediments

about 9000T in thickness was deposited in a narrow

geosyncline trending northward from Tarkwa. This

series represents the type Tarkwaian, and consists of

the following sequence:

Huni quartzites, with the Dompim quartzites
and phyllites

Tarkwa phyllites
Banket series, with gold in "black sands"

Kaware conglomerate, containing pebbles of

Birrimian rocks and granites

The system is folded NNE-SSW, but folding is less in

tense than that of the Birrimian. The beds are some

times cut by gabbro and microgranite, and show the

effects of low-temperature low-pressure metamorphism.
...

Early workers, mapping economically interesting areas,

set up local successions. These became "pigeon holes" into

which later workers casually placed their findings; thus the

earlier guesses and hypotheses were elevated to the level of

factoid. Most geologists in West Africa continue to place
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rock classifications into these 50-year-old pigeon holes.

The first geologists actually contributed a vast amount of

information, especially after facing untold hardships and

obstacles in the "white man's grave." Much of the work

was done without any maps, and with a considerable lack of

knowledge of West African geology. Resumes of the history

of geologic study in West Africa are presented by Junner

(1954), Bates (1957), and Servant (1957).

Because the Birrimian and Tarkwaian Systems have

generally differing lithologies in this area, and because

Dunkwa S. E. lies between the locations of their type areas,

I have retained these two system names. Field data from

Field Sheet 48, moreover, do not indicate that a finer

breakdown of time-rock divisions, i.e., Upper and Lower Bir

rimian, can be made until much more of southern Ghana is

mapped

The geologic map of Ghana (fig. 5) shows the areal

distribution of the Birrimian System. It is fairly accurate

considering that large parts were inferred on the basis of

few traverses made many years ago.

Some problems concerning the Precambrian rocks of

southern Ghana are: (l) time and space relationships of

the various metamorphic rocks, (2) pre-metamorphic nature

of the Birrimian rocks (Upper and Lower Birrimian rocks are

distinguished by whether they were mainly volcanic or mainly



SCALE IN MILES

Figure 5. DISTRIBUTION OF BIRRIMIAN AND

ASSOCIATED GRANITIC ROCKS IN GHANA

Adapted from Geological Map of the Gold Coast

D.A. Bates (1955)

I I Metamorphic rocks ||| Granitic rocks

Post- Birrimian and Dahomeyan rocks
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sedimentary in origin, even though the terms are time-

stratigraphic), (3) metamorphic history of these rocks, (4)

times of emplacement, compositional types, and mode of for

mation of the granitic rocks, (5) relation of the granitic

rocks to regional metamorphism, (6) structure of the Precam

brian rocks, and (7) nature of the contacts between various

rock bodies. Dunkwa S. E. is an excellent place to study

these problems because of the wide variety of Birrimian and

granitic rocks exposed in an abundance of outcrops.

Location and Access

This land is very ancient

Its ancesters speak to us where we pass.
Pour libation to them

For they can tell us its secrets.

Dunkwa S. E. is located in south-central Ghana

(called the Gold Coast before its independence in 1957), 50

miles southeast of Dunkwa and 50 miles north of Cape Coast.

It is bounded by latitudes 545t N. and 530 N. and lati

tudes 130 W. and l45f W. (fig. 6). Relief of the area

is slight. The highest point, at the top of a long, north-

south trending ridge in the northwest part of the area, is

550 feet above mean sea level. The land slopes down grad

ually from this ridge to the southward-flowing Pra River on

the east. The lowest elevation, 175 feet, is on the bank of

the Pra where it leaves the area. A laterite lorry road
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from Dunkwa enters the area on the north just west of the

Pra, continues southward parallel to the river, and is

linked by a ferry at Twifu Praso with a road extending

northward from Cape Coast. A timber road connects Aboabo

on the main lorry road with Bepoben in the northwest. The

east-west Central Province Railroad crosses the Pra River

and lorry road at the ferry. Except for the Pra River, the

railroad, and the laterite roads, all access is by footpaths

or cut lines.

Climate

Rain does not fall on one roof alone.

Cameroon proverb

The climate, equatorial monsoon, is characterized

by uniformly high temperature and high rainfall. There is

little diurnal or seasonal temperature change; temperatures

range from 70 to 80F at night and 75 to 85F during the

day, and seasonal variations are rarely more than 10 to 12

F. Average rainfall is 55-60 inches per year concentrated

in two long, wet seasons separated by short, dry seasons.

March to July is the time of greatest rainfall and September

through November is the period of the "short rains." Rivers

flood during the rainy seasons, sometimes rising more than 10

feet within 4 or 5 hours. Most outcrops exposed in stream
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courses are under water during these periods making field

work extremely difficult. Unusually heavy rains during

October and November 1963 flooded the Ofin and Pra rivers,

rendering the northern half of the area inaccessible by

either rail or lorry road. The major dry season lasts from

December through February when the winds change from south

westerly Atlantic breezes to the dry, dusty "Harmattan"

winds from the north off the Sahara Desert. Relative humid

ity is fairly constant throughout most of the year, fre

quently more than 90$ during the night and early morning,

dropping to around 75$ in the afternoon. The Harmattan sea

son, when the humidity can drop to 5$. is an exception.

Geographic Nomenclature and Spelling

Geographic names reflect Ghana's varied tribal and

colonial history. The local people speak Fanti, a dialect

of the Akan language. English, the official language of

Ghana, was introduced by the British in the nineteenth cen

tury, and is spoken by most Ghanaians. Thus, geographic

names are either Fanti or English. Fanti geographic terms,

especially town names, ending in "so" or "su" mean "situated

on." Twifu Praso means "Twifu on the Pra River." "Asi," as

in Kumasi, means "under"; thus, Kumasi means "under the kum

tree." Spelling of Fanti names is phonetic, hence variable.

Some names have changed because of the British phonetic
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spellers' inability to distinguish subtle Akan tonal sounds.

The capital of Ghana, for instance, was named after the Akan

word for ant, nkran (enkran) . However, the British spelled

it Accra. And so it has remained, now pronounced ahcrah.

Dunkwa-on-Offin lies on the banks of the Ofin River, however,

the post office and people spell it Offin. The town should

be named Dunkwa Ofinso. Examples of English terms are "lorry

road" meaning truck road and "laterite road" meaning dirt

road with no reference to the degree of laterization of the

road material.

Vegetation

Do not call the forest that shelters you a jungle.

Ashanti proverb

Dunkwa S. E. lies within the rain forest region of

southern Ghana. Timber production and farming have reduced

most of what was once high forest to low overgrown secondary

growtho The remaining primary forest of mahogany (Khaya

ivorensis) . odum (Chlorophora excelsa). wawa (Triplochiton

scleroxvlon) . sapele (Entandrophragma cylindricum) . and

other less important timber producers lies within two forest

reserves, the Bonsa Ben-Ben East Block Forest Reserve in the

west and the Bimpong Forest Reserve in the northeast. Farm

ing of cocoa (Theobroma cacao) is the major industry. Small
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farms throughout the area also produce maize or corn (Zea

mays) . cassava (Manihot utilissima) , rice (Oryza sativa) ,

yams (Dioscorea rotundata and Dioscorea alata) , cocoyam

(Xanthosoma sagittifolia) , plantain (Musa sapientum var.

paradisiaca) . bananas (Musa sapientum, botanically the same

species as plantain but with smaller fruit containing sugar

instead of starch), sugar cane (Saccharum of ficinarum) ,

pineapple (Ananas sativus) , oil palm (Elaeis guineensis) ,

citrus fruits (Citrus spp.), papaw or papaya (Carica papaya) ,

kola nut (Cola nitida) , and vegetable crops of red pepper

(Capsicum fmtescens) , a variety of eggplant called garden

eggs (Solanum incanum) , okra (Hibiscus esculentus) , and

tomato (Lycopersicon esculentum)

Culture

Many anthropologists misinterpret cultures be

cause they begin with the premise that they
know more about people than those they study.

Most Ghanaians residing in the area belong to one of

four Akan-speaking tribes: the Assin in the northeast, the

Twifu (treefu) in the central and southeast, the Wassaw in

the central and southwest, and the Denkyra (dencheerah) in

the extreme northwest corner of the area. Members of many

other West African tribes have migrated into the area to

trade or work.
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To my knowledge a comprehensive and accurate study

of these people has never been made. However, I can make

some general comments. The people are extremely friendly

and take pride in their hospitality toward strangers. Most

Akans are Christians. Many people of tribes in the Sub-

Sahara areas are Moslems. The small villages are essen

tially extended families, while foreign Africans, called the

Zongo, usually live in separate quarters on one side of the

village. All are willing to help geologists in their work,

as they realize that a geologic study of their area might

locate new avenues for mineral development and bring eco

nomic growth to their communities.

Previous Work

A paddle here, a paddle there -

the canoe stays still.

Sierra Leone proverb

A. E. Kitson, W. G. C. Cooper, 0. A. L. Whitelaw,

and F. Oates were the first geologists to enter the area of

Field Sheet 48, Dunkwa S. E. (Kitson, 1924). They found

. . biotite-hornblende-schist , concentrates typ
ical of granitic rocks, muscovite-biotite-granite ,

arenaceous mica-schist, quartz-biotite-schist , prob
able altered andesite, muscovite-granite , biotite-

granite, and stream gravel concentrates of kyanite,

epidote, monazite (?), zircon, staurolite, garnet,

rutile, ilmenite, magnetite, haematite (?), and

gold.



Kitson, Oates, and Cooper traversed the newly built

Central Province Railroad in 1924. They concluded that the

. whole of the country consists of foliated

metamorphosed sediments (phyllites, mica schists,
quartzites) apparently lava flows and tuffs, in
truded by granite at many places and by a few dykes
of basic rock. The general strike of the rock
varies from N.N.E. to E., and dips to both sides,
thus indicating a considerable number of folds.

(Kitson, 1926, p. 27).

Cooper found gray "sericite schist" near Damang and

Tufoi and matched it with schist exposed near Obuasi 50 mile

to the north. He found "biotite-granite" bounded by "mica-

schist" and "sandy phyllite" at Mokwa (Kitson, 1930). About

the same time Whitelaw tried unsuccessfully to find evidence

as to the nature of the contact between the Birrimian and

Tarkwaian Systems (Kitson, 1930).

The area was again studied by D. P. McGreggor, who

in 1932 traversed the western side of Field Sheet 48 from

Ateiku on the Central Province Railroad northward to Bepoben

and beyond the northern boundary (Junner, 1934). East of

the traversed line he found a metamorphic and igneous com

plex of "biotite- and muscovite-granite and gneiss" similar

to the type of granitic rocks exposed near Cape Coast. As

sociated with them were "biotite-schist
,

"

"garnetiferous-

biotite-schist," and "kyanite-biotite-schist ." He matched

some of the granitic rocks north of the Central Province

Railroad to the granites exposed at Winneba on the coast and
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at Wa in the Northern Territories of the Gold Coast. He felt

that the metamorphic rocks were probably Birrimian in age.

West of the line, McGreggor discovered Tarkwaian rocks. Two

years later McGreggor returned to find that Tarkwaian rocks

were underlain on their eastern side by Birrimian rocks

(Junner, 1936).

Field and Laboratory Methods

A geologist should always have an 8 lb . hammer
with him, carried by a labourer well able to
use it.

D. A. Bates (l96l)

Most outcrops in south-central Ghana are exposed

along rivers. A crew of men cuts paths with cutlasses

through the foliage along rivers. If rock was seen by them,

I traversed the outline. Where no rock was exposed my as

sistants performed the other necessary duties of the survey.

Because the soils are extremely weathered, I could not map

rock types by studying the soil. Where the rock changed

character or composition we collected a specimen. Along with

rock specimens, soil samples were collected from the valley

slope at each mile interval along each river for geochemical

study. At mile intervals half way between valley slope soil

sample localities, a river sediment sample was collected.

Valley slope and river sediment samples were analysed by wet
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chemistry methods in the laboratory at Saltpond, under the

direction of K. J. Dove, for As, Cu, Mo, Ni, and Pb . At

each mile interval a pit was dug in the river sediment down

to the first gravel horizon. This gravel material was panned

for gold and other heavy minerals. These heavy minerals were

examined under a petrographic microscope. Specimens of all

quartz veins greater than 1 foot thick were crushed and

panned for gold. About 2000 rock specimens and 1900 bank

soil and river sediment samples were collected and analysed.

Specimens with numbers prefixed by P were collected by B . K.

Pentsil; those prefixed by HF were collected by me. All re

sults of the geochemical prospecting and gold panning pro

grams are reported in a Bulletin of the Ghana Geological

Survey (in press), and are not presented here.

Mapping was done on the Dunkwa S. E. (North B 30. Q

le S.E.) Africa 1:62,500 series topographic map, surveyed in

1936, and compiled, drawn, and published by the Ghana /Geo-

graphic/ Survey in 1962. No aerial photographs were avail

able. In the forest and overgrown areas it is very difficult

to locate outcrop positions. Distances were measured by a

cyclometer attached to a bicycle wheel that was pushed along

the route of the traverses. Directions were measured by

Brunton compass. By means of wheel and compass we checked

the position of the main lorry road and Central Province

Railroad, and found them accurate within the limits of
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accuracy of the wheel and compass procedure. The Pra River

was traveled by canoe from the north border of the area to

Twifu Praso and by cut lines on both sides of the river from

Twifu Praso to the southern border of the area. As far as

we can determine the Pra River is positioned accurately on

the map. All other rivers, however, are not accurate. Most

streams and their tributaries meander much more than shown

on the map. For instance, the map shows the Apakama River

about 8 miles long. The distance measured by cyclometer

through all the loops of the river is actually 22 miles.

Some of the rivers shown do not exist and others have very

different courses. Comparison of the drainage map (fig. 4)

with the topographic base of the geologic map (pi. l) shows

the differences. Beside traversing all rivers, all foot

paths were walked. These, of course, have changed consider

ably since 1936 and are no longer accurate on the topographic

map. Straight lines were cut in some areas to locate pos

sible outcrops in critical places. The only large area not

traversed either along rivers or foot paths is the oval-

shaped area north of the Pra River east of Sebinso, in the

northeast corner of the area. Here the surface is a low,

swampy area, mostly under a few inches of water. The small

streams Shown on the topographic map could not be found.

Away from the lorry road, railroad, and Pra River

the limit of accuracy of outcrop positions is no better than
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.2 miles. All measurements of distance or size made in

the field are in the English system of miles, feet, and

inches. All measurements made on thin sections under a pet

rographic microscope are in the C.G.S. system.

About 1000 thin sections were made from specimens

collected in Field Sheet 48. These were studied in varying

degrees of detail with a petrographic microscope.

Chemical analyses were made in the chemistry labora

tory of the Geological Survey in Accra, supervised by Dr. J.

D. Kerbyson, Senior Chemist. Analyses of pegmatite dikes

were made with a spectrograph in the laboratory of the Geo

logical Survey in Accra.
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GENERAL GEOLOGY AND PETROGRAPHY

Introduction

Birrimian schists and associated granitic rocks

underlie most of the Dunkwa S. E. area. Tarkwaian quartz

ites and schists are most likely younger than the Birrimian

rocks. Amphibolites, possibly metamorphosed mafic igneous

rocks, are exposed in areas of both Tarkwaian and Birrimian

outcrops. Pegmatite and aplite dikes, and quartz veins oc

cur in Birrimian schists and associated granitic rocks.

Unmetamorphosed diabase dikes intrude most bedrock (pis. 1, 2).

This report emphasizes the granitic rocks. To under

stand the structure of the granitic bodies, however, a struc

tural interpretation of the Birrimian schists is necessary.

Moreover, the metamorphism of the schists is probably closely

related to the formation of the granitic rocks. Therefore,

although I include a discussion of the Birrimian System, I do

not consider it to be an exhaustive treatment of either rock

descriptions or possible modes of formation.

Birrimian System

The name Birrimian System was first used by A. E.

Kitson (Kitson, 1928, p. 12) for the metamorphic rocks of the

Gold Coast which are similar to those exposed in the Birim

River Valley. Between 1913 and 1916 Kitson named these rocks

24
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the Birrim series (Kitson, A. E., Annual Report of the Direc

tor, Gold Coast Geological Survey, for 1913 to 1916, not

available). Kitson lists within the Birrimian series auri

ferous sediments of phyllite, slate, grit, and associated

volcanic rocks, decomposed staurolite-mica-schist, actinolite-

schist, hornblendite, phyllite, and sandstone (Kitson, 1918,

p. 6; 1919, p. 6). Also in 1918 he matched the Birrimian

series to the Buem rocks of Togoland and the Akwapimian rocks

of the Gold Coast (Kitson, 1918). This match is no longer

considered correct (fig. 4) . Even though most of these rocks

are metamorphosed to such extent that their original features

have been destroyed, Kitson recognized their sedimentary and

volcanic origin. In 1927 Kitson capitalized the "s" in

series.

N. R. Junner (1940, p. 9) divided the Birrimian Sys

tem into a lower unit and an upper unit. The Lower Birrimian

is composed of slates, phyllites, graywackes, schists, and

gneisses; the Upper Birrimian is made up of greenstones, in

termediate lavas, and pyroclastic rocks with some hypabyssal

igneous rocks.

I have divided the Birrimian rocks of Dunkwa S. E.

into five major lithologic units: (l) quartzo-feldspathic

schists, (2) quartz-mica-hornblende schist, (3) pelitic

schists, (4) quartz-amphibolite schists, and (5) muscovite-

quartz-feldspar schist. Quartzo-feldspathic schists are
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structurally the lowest units throughout the area. Pelitic

schists, which interfinger with quartz-mica-hornblende

schist, overlie the quartzo-feldspathic schists. Muscovite-

quartz-feldspar schist is structurally the highest unit.

Because the quartz-amphibolite schists are surrounded by

granitic rocks, their structural position is uncertain, but

they are possibly at the same position as the quartzo-

feldspathic schists.

I use "quartzo-feldspathic schist" as does Williams,

Turner, and Gilbert (1955, p. 235):

High grade foliated rocks composed mainly of quartz
and feldspars are coarser-grained and poorer in mica

than pelitic schists, and therefore, are less fis

sile and less regularly schistose. Terms such as

"gneiss," "leptynite," "granulite," "leptite," and

"quartz schist" have been applied to them. ...

There has been some objection to use of the term

"gneiss" for rocks not of plutonic origin. For this

reason we use "quartzo-f eldspathic schist" to cover

schists rich in quartz and feldspar within the amphi-
bolite facies, where the rather irregular foliation

might be described by some petrologists as gneissoid
rather than schistose.

Quartzo-feldspathic Schists

Quartzo-feldspathic schists are divided into two

recognizable units! (l) mica-poor, quartz-feldspar schist,

exposed in much of the southern part of the area, and (2)

garnet-staurolite-oligoclase-mica-quartz schist, exposed in

the western part of the area.
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Mica-poor, quartz- feldspar schist

Mica-poor, quartz-feldspar schist differs from other

schists in color, breaking habit, and quartz and feldspar

content. The colors of fresh rock are yellow-brown, buff,

cream, blue-gray, or gray. In a few places dark minerals

are concentrated in layers, giving the rock the appearance

of a gneiss. Quartz and feldspar content as well as the

amount of alteration of feldspar and dark minerals control

color. Fractures are not usually parallel to foliation, but

appear to be random, causing the rock to break into blocky

pieces. Aligned, sheared quartz and feldspar form the foli

ation. Mica, where present, grew parallel to this foliation.

Others have considered the gneissic-appearing bands in Bir

rimian schists as remains of original bedding. Because these

rocks have been folded and sheared extensively, I find no

evidence for this conclusion within the mapped area. Some

pelitic schist outcrops, conversely, have schistosity cutting

compositional banding. Locally, at least, the rock is iso-

clinally folded (fig. 7).

In hand specimen, mica-poor, quartz-feldspar schist

is generally fine grained, and lepidoblastic . In thin sec

tion, however, some textures are granoblastic or porphyro-

blastic; garnets forming the porphyroblasts. The schist

usually contains 70 to 80 percent oligoclase and quartz, usu

ally in equal amounts. Microcline, however, is present in
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Figure 7 .--Mica-poor , quartz-feldspar

schist, Subri River. Schist inclu

sion is near Bepoben albitized quartz
diorite contact. Note contortions

and isoclinal folds in schist.
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some rocks along with the oligoclase, and andesine associ

ated with trace amounts of kyanite accounts for the total

feldspar content of others* Micas make up from 10 to 30 per

cent of the rock, biotite usually present in greater amounts

than muscovite. Some biotite is bleached, probably due to

removal of iron. Some rocks show albitization; the original

quartz-oligoclase mosaic having altered to a splotchy recrys-

tallized patchwork of albite and quartz containing growths

of chlorite, garnet, and biotite. The presence of albite

does not seem related to the spatial positions of this schist

and the granitic rocks. A few sheared rocks show retrograde

metamorphism0 Some biotite and some rolled garnets are par

tially altered to chlorite. Table 1 shows the estimated

mineral composition in 12 thin sections. The sampling local

ities are noted on the map (pi. l)o

Garnet- s t auro li te-oli go clase-mic a-quartz schist

A dark, dense, coarse-grained, foliated rock is the

other major variety of quartzo-feldspathic schists. This

rock is easily distinguished by its color, luster, grain

size, weathered appearance, and high specific gravity. Fresh

and weathered surfaces are dark brown to black. Garnet,

staurolite, and fine-grained biotite give the rock a resinous

luster. Resistant projections of large garnet and staurolite

crystals combine with pits formed by the removal of carbonate



Table lo-=Mineral percentage Mica-poor, quartzo-feldspathic schist

MINERAL
S

P

891

40

JL E C

p

965

25

I M

P

1007

25

E N

P

1025

35

HF

12

40

P

457

P

562

P

804

35

P

808

35

HF

516

35

HF

564

45

HF

918

Quartz 40 45 45

Microcline - - - - 15 - 10 - - - - -

Albite 35 - - - - - - 45 - - - -

Sodic oligocl

Calcic oligoc

ase

lase

40* 35*

40

50

50* 35*

30

25

30*

Andesine - - - 35 - - - - - - - -

Muscovite - 2 5 - - - - 15 8 - 8 4

Biotite

Chlorite

22 8

tr

18

2

27

5*#

20 15 5 10

2

35 8

8

18

Garnet - 5 5 3 tr 5 tr - 5 - 5 3

Kyanite 3 - - tr - - - - - - - -

*An content of the oligoclase was not determined in these specimens
**Biotite and chlorite were counted together in this specimen.

o
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and other soft minerals, to form a rough weathered surface

of long ridges, irregular knobs, and blocky protrusions.

Outcrops usually appear as large, irregular-shaped boulders.

Contacts between this rock and other units have not been

found.

Garnet-staurolite-oligoclase-mica-quartz schist is

a medium- to coarse-grained, porphyroblastic rock. Compo-

sitionally the rock contains 50 percent quartz, 17 percent

calcic oligoclase, 10 percent staurolite, 10 percent musco-

vite, 5 percent biotite, 5 percent garnet, and 3 percent

opaque minerals. The quartz, which is fine to medium grained

with serrated edges, does not display undulatory extinction.

Calcic oligoclase grains are usually larger than quartz

grains and have been sericitized. Brown biotite flakes con

tain small inclusions of monazite (?). They have ragged

edges and are partially bleached. Alignment of these flakes

produces the schistosity of this rock. Muscovite occurs as

both thin, wispy, disconnected crystals grown within unori-

ented feldspar grains, but aligned parallel to the biotite

schistosity, and as larger grains unassociated with feldspar

and growing across biotite schistosity. Staurolite grains

up to 2 centimeters long contain quartz inclusions and also

grow across biotite schistosity. Grains of pink garnet are

up to li centimeters in diameter. No alteration or rolling

effects have been seen in the garnet. Opaque minerals,
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possibly magnetite and ilmenite, with either square or long,

thin-bladed forms occur as inclusions in staurolite and as

fine grains distributed evenly throughout the rock. Very

small apatite crystals are accessory grains in feldspar.

Although no carbonate minerals were noted in thin section,

they can be detected in hand specimens by their effervescence

when HC1 is applied.

Quartz-mica-hornblende Schist

Quartz-mica-hornblende schist is dark green to black,

fine- to medium-grained, lepidoblastic rock, similar to

quartz-amphibole schists, but containing small amounts of

quartz and hornblende. This rock is exposed in the north-

central part of the area, completely surrounded by outcrops

of granitic rocks. Stratigraphically it appears to lie near

the position of the quartzo-feldspathic schists.

A typical specimen (HF903) is lepidoblastic. Mica,

hornblende, and chlorite delineate the schistosity. Minera-

logically, the rock consists of 30 percent quartz, 20 percent

oligoclase, 15 percent biotite, 15 percent hornblende, 10

percent albite, and the remaining 10 percent made up of mus-

covite, epidote, chlorite, and opaque minerals. Oligoclase

has been partially replaced by albite. The quartz is larger

than other mineral grains and has possibly been recrystal-

lized. Another specimen (HF902) has large grains of sheared
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quartz, and the epidote is probably zoisite. Kyanite has

been recognized in hand specimen, but is not present in the

thin sections described above.

Pelitic Schists

Pelitic schists include many schists with varied

mineral compositions having an abundance of micaceous min

erals and prominent schistosity. They are combined into one

map unit, because these various types, where exposed, are

extremely weathered and do not continue from one outcrop to

the next. Only in railway or road cuts can the rocks be

studied with much success. Even in these locations most of

the rock appears at first glance to be weathered, yellow to

brown phyllite. These rocks are called schists because

large grains of mica, quartz, and garnet (indicating higher

grades of metamorphism) can be picked out of the weathered

material. Usually the weathered material retains its

schistosity. Care must be exercised when mapping pelitic

schists because extremely weathered granitic rocks may also

resemble weathered phyllite. Pelitic schists are exposed

throughout the area and apparently lie stratigraphically

above the quartzo-feldspathic schists. On the eastern side

of the area pelitic schists appear to interfinger with

quartz-amphibole schists. Contacts with quartzo-feldspathic

schists or quartz-amphibole schists have not been observed.
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Some pelitic schists have compositional banding in the form

of layered segregations of quartz and feldspar alternating

with mica-rich bands. Schistosity, formed by planes of

shearing and alignment of mica, cuts the compositional

banding at high angles. Because of sparse outcrops, no

schistosity-banding studies were made for structural inter

pretation. All mica-rich bodies of Birrimian schist are

thought by some to be isoclinally folded. I believe that

this schistosity may be axial-plane cleavage cutting these

isoclinal folds.

Pelitic schists are medium-grained, lepidoblastic to

porphyroblastic rocks. One variety (HF624) is a gray, por-

phyroblastic, garnet-muscovite-biotite-plagioclase-chlorite-

quartz schist. This specimen was sampled from an outcrop

along the Apunapon River between Nyenasi and Twifu Praso.

Carbonaceous material, possibly graphite, and micas define

the schistosity and make the rock very fissile. The schistos

ity is folded into tight crenulations with fold amplitudes of

about 1 centimeter. The rock consists of 45 percent quartz,

15 percent biotite, 15 percent muscovite, 12 percent oligo

clase, 10 percent garnet, 3 percent chlorite, and trace

amounts of opaque minerals. Individual chlorite grains grew

across the biotite and muscovite schistosity. Pink garnets

are porphyroblasts which, while growing, pushed apart the

platy minerals. Most garnets have outer rings of chlorite.
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Chlorite has grown through some grains of garnet at high

angles to the schistosity, probably indicating a post-

retrograde metamorphism rolling. Opaque minerals, probably

carbonaceous material, occur as long, wispy grains growing

parallel to the schistosity.

Quartz-amphibole Schists

Quartz-amphibole schists are lepidoblastic to nemato-

blastic rocks rich in quartz and amphibole. The mapped unit

also includes some chlorite schist interlayered with quartz-

amphibole schists. Quartz-amphibole schists interfinger

with pelitic schists on the eastern side of the area and

with garnet-staurolite-oligoclase-mica-quartz schist on the

west. They are only found near granitic rocks. Quartz-

amphibole schists are medium to coarse grained and greenish-

black to black. The nematoblastic texture is formed by a

parallel alignment of hornblende crystals. Where biotite

flakes are present, they form lepidoblastic texture.

Two specimens (P409, P1000) from the eastern part of

the area show a variation in mineral composition. P409 con

tains 35 percent quartz, 25 percent andesine, 25 percent

hornblende, 15 percent biotite, and trace amounts of sphene

and opaque minerals. P1000 contains about 50 percent quartz,

50 percent hornblende, with trace amounts of garnet and

opaque minerals
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Fresh specimens of chlorite schist have not been

found. The weathered rock appears to have been almost to

tally composed of chlorite.

Muscovite-quartz-feldspar Schist

Muscovite-quartz-feldspar schist is a white to

bluish-white, fine- to medium-grained rock. Mica flakes de

fine the schistosity. The rock breaks easily and specimens

may crumble when handled. Muscovite-quartz-feldspar schist

lies stratigraphically above the pelitic schists. Contacts

between pelitic schists and muscovite-quartz-feldspar schist

have not been observed. I cannot give descriptions of the

outcrops, because Pentsil collected the specimens and I do

not have his notes.

The texture of the muscovite-quartz-feldspar schist

is lepidoblastic. The rock is 40 percent quartz, 30 percent

microcline, 10 percent sodic oligoclase, 10 percent musco

vite, 5 percent biotite, and 5 percent garnet. Garnets have

skeletal, euhedral forms with quartz and muscovite occupying

their interiors.

Chemical Composition

Chemical analyses of three specimens of the mica-

poor, quartz-feldspar schists, and one specimen of the pe

litic schists are given in Table 2. The oxide percentages
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Table 2. --Chemical analyses of Birrimian schists

Oxide HF324 HF810B HF523 HF625

sio2 64-4 64.0 61.9 58.1

A123 15.5 15.9 19.6 21.3

Fe23 2.35 1.18 0.80 1.25

FeO 4.64 4-54 3.27 4.59

MgO 2.68 3.15 2.81 3.40

CaO 2.12 3.48 2.83 1.90

Na20 3.63 3.93 3.01 3.04

K2 2.43 2.10 2.40 2.73

H 0+105C 1.13 0.61 2.16 2.43

H20-105C 0.22 0.07 0.47 0.23

Ti02 0.74 0.66 0.57 0.88

MnO 0.08 0.07 0.07 0.04

C02 0.03 0.01 0.03 0.01

p25
0.10 0.19 0.16 0.14

Carbonaceous

matter visible visible

Total 100.05 99.89 100.08 100.04

K20/Na20 .67 .54 .80 .90

Analyst: Dr. J. D. Kerbyson

HF324 Mica-poor, quartz-feldspar schist.

HF810B Mica-poor, quartz-feldspar schist.

HF523 Mica-poor, quartz-feldspar schist.

HF625 Pelitic schist.
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agree closely with the average percentages of graywackes and

shales presented in Table 3. Pettijohn (1963) notes that

graywackes have lower Si0? content than sandstones, excess

Na20 over K?0, and high MgO and FeO contents. Chemically,

the mica-poor, quartz-feldspar schist is similar to gray-

wacke. Although the pelitic schists are chemically similar

to shales in all other characteristics, they contain a

Na20/K20 ratio greater than one, which Pettijohn (1963)

states should not be greater than one. Middleton (i960)

gives three possible sources of excess Na in sedimentary

rocks: (l) soda-rich source rock, (2) incomplete weathering

of source rock, and (3) regional soda metasomatism. The

source rock for Birrimian sedimentary rocks is thought by

some geologists to be Dahomeyan granitic and metamorphic

rocks (see introduction), many of which are soda rich. Daho

meyan rocks, however, have not been recognized in south-

central Ghana, and consequently their weathering history is

not known. The schists in Field Sheet 48 have probably been

subjected to soda metasomatism, because mica-poor, quartz-

feldspar schist and quartz-mica-hornblende schist contain

albite, that appears to be recrystallized .

Origin of Birrimian Rocks

The Birrimian quartzo-feldspathic schists and quartz-

mica-hornblende schist are chemically similar to average



Table 3. --Chemical analyses of sedimentary rocks

Oxide A B C DE FGH

sio2 58.38 61.16 66.75 65.50 69.7 64-67 68.1 69.7

Al23 15-47 16.21 13.54 12.57 14.3 13.41 15.4 14.3

Fe203 4.03 4.23 1.60 .69 1.0 1.24 1.0 1.9

FeO 2.46 2.58 3.54 5.63 2.5 4-53 3.4 2.4

MgO 2.45 2.57 2.15 3.30 1.2 3.23 1.8 1.8

CaO 3.12 3.27 2.54 4-69 1.9 3.04 2.3 1.3

Na20 1.31 1.37 2.93 2.41 3.5 2.99 2.6 3.1

K20 3.25 3.41 1.99 1.57 2.4 2.02 2.2 1.4

H20+ 3.68 - 2.42 .84 1.9 1.94 2.1 2.4

H20" 1.34 - .55 .14 4 .4

Ti02 .65 .68 .63 .53 .6 .20 .7 .5

P25 .17 .18 .16 .21 .2 .57 .2 .1

MnO tr - .12 .11 .1 .14 .2 .1

co2 2.64 2.77 1.24 1.31 .1 .13 - .9

so7 .65 - .25 _ 2.15 _

sO



Table 3 (Cont.)

Oxide A B C D E F G H

S - - .07 .38 - -
_ _

CI -
- - .02 - -

- -

BaO .05 - .05 .02 - -
- -

SrO -
- - .10 - - - -

Miscellaneous - 1.57 - - - - - -

Organic .81

100.46

.08

100.61

_ .1

99.9

mm

Total 100.00 IOCi.02 100.26 100.0 100.3

K20/Na20 2.5 2.5 .67 .65 .7 .68 .8 .5

A. Composite of 78 shale samples, Stokes-analyst , from Clarke (1904), cited in

Pettijohn (1963).
B. Analysis of average shale, water free, from Clarke (1924), out of Wickman

(1954)
C. Average of .61 graywackes, Pettijohn (1963).
D. Average of 7 South African graywackes, after Visser (1956, p. 63).
E. Average of 14 New Zealand mesozoic graywackes, after Reed (1957).
F. Average of 12 Precambrian graywackes, Pettijohn (1963).
G. Average of. 30 graywackes, Tyrrell (1953, p. 26), same as Middleton (i960).
H. Average of 17 Harz Mountain graywackes, Paleozoic from Mattiat (i960, p. 277)
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graywackes as shown in Table 2. These rocks were probably

originally formed as graywacke and arkosic sediments that

shed off highs, filling basins or geosynclines possibly on

Dahomeyan bedrock. In the Ivory Coast the Birrimian con

tains pebbles of Dahomeyan granitic rock (Hurley and others,

1966). No recognizable pebbles of older rocks have been

found in Field Sheet 48, but basal Birrimian is probably not

exposed there.

Pelitic schists probably formed from fine-grained

sediments representing more offshore facies. The strati-

graphic relationships are not understood well enough to de

termine if this is a transgressive sequence and in which

direction the shoreline moved. The interf ingering of quartz-

amphibole schists possibly represents mafic-rich volcanic

rocks that were deposited either as flows or sills into the

pelitic sediments. The muscovite-quartz-feldspar schist may

again represent a more near-shore environment, thus complet

ing a possible transgressive-regressive sequence. These

hypotheses cannot be asserted with any degree of confidence

until more mapping and laboratory study are done.

Age of Birrimian Metamorphic Rocks

Birrimian metamorphic rocks from around Bosumtwi

Crater 60 miles north of Dunkwa S. E., Field Sheet 48, have

been analysed by Kolbe and others (1966). They obtained a
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Rb/Sr age of 2110 60 m.y. for the metamorphism. Schnetzler

and others (1966) found Rb/Sr ages of 2085 m.y. for rocks

around the Bosumtwi area. Bonhomme (1962) and Vachette

(1966) found ages of 1935 to 2145 m.y. for Birrimian rocks

from many parts of West Africa. The differences in these

ages are probably the result of using different dating tech

niques and experimental error and possibly, in part, the re

sult of a complex history of metamorphism.

Conclusions about Birrimian Rocks

The following conclusions can be made about the Bir

rimian rocks in Dunkwa S. E., Field Sheet 48:

1. The Birrimian has a variety of facies exposed within a

limited area that were probably derived by metamorphism of

a eugeosyncline sequence of sedimentary rocks with inter

layered intermediate volcanic rocks.

2. The quartzo-feldspathic schists are probably the lowest

in the Birrimian section. The pelitic schists, interlayered

with quartz-amphibole schists, lie above the quartzo-

feldspathic schists. The uppermost unit is the muscovite-

quartz-feldspar schist.

3. Except for the albite and chlorite, the mineral assem

blages appear to be in the staurolite-kyanite subfacies of

the almandine amphibolite facies.

4. Retrograde metamorphism, altering biotite and garnet to
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chlorite, hornblende to biotite, and oligoclase to albite,

was probably associated with late-stage shearing and deforma

tion.

Granitic Rocks

Three major granitic rock complexes are emplaced in

the Birrimian schists of Field Sheet 48: (l) Pra River com

plex of albitized quartz monzonite, quartz diorite, and

granodiorite, (2) Twifu Praso complex of albite granite and

granodiorite gneiss, and (3) WuWu River quartz monzonite.

These names are informal field names. They have been mapped

previously as Gl (or Cape Coast granite), even though the

WuWu River quartz monzonite is chemically and mineralogically

more similar to G2 (or Dixcove type granite), Murray (i960).

These are all typical of Buddington's (1959) catazone intru-

sives .

The granitic rocks of Field Sheet 48 were originally

intruded as quartz diorite, granodiorite, and quartz monzo

nite. All except the granodiorite of the Twifu Praso com

plex and some varieties of the Bepoben quartz diorite of the

Pra River complex have undergone albitization of varying de

grees. The relative ages of the granitic rocks, from oldest

to youngest, are: Pra River complex of Agona albitized

quartz monzonite, Bepoben albitized quartz diorite, Wamaso

albitized granodiorite, the Twifu Praso complex of albite
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granite and granodiorite gneiss, and Wuwu River quartz mon

zonite .

The Pra River complex was intruded as a sill or lac

colith near the Birrimian quartzo-feldspathic-pelitic schists

contact, in part crossing from the quartzo-feldspathic schists

into the pelitic schists. The Pra River complex predominates

in the western side of the area, the Twifu Praso complex in

the southeast. Most of the granitic rocks are rich in Na20.

The rocks show post-consolidation crushing and shear

ing, and alteration. Foliation is generally parallel to the

regional structures of the Birrimian and Tarkwaian rocks

nearby, rather than being concordant with the contacts of

various granitic rocks. The Wuwu River quartz monzonite,

because it does not show prominent foliation and crushing,

was probably intruded after the period of major crushing and

folding .

Pra River Complex

Rocks of the Pra River complex belong to the interme

diate plutonic diorite family and the acid oversaturated rocks

of the granite-granodiorite family of Turner and Verhoogen

(i960, p. 73). Some soda metasomatism was imposed upon most

of these rocks. Individual mappable bodies are the Agona

albitized quartz monzonite, the Bepoben albitized quartz dio

rite, and the Wamaso albitized granodiorite.
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The Pra River complex underlies most of the north

half and east third of the map area, and extends north and

east beyond the area. Lenses of the complex are exposed in

Birrimian rocks to the south and east of the main body. The

Pra River complex was injected near the quartzo-feldspathic

schist-pelitic schists contact. Foliation within the com

plex is generally northeast-southwest, parallel to the re

gional folding of most of the Precambrian rocks of southern

Ghana, and is not necessarily parallel to the outline of the

exposed bodies.

Agona albitized quartz monzonite

The Agona albitized quartz monzonite occupies the

central portion of the Pra River complex. Assuming the Pra

River complex has a folded sill-like shape, as discussed in

the structure section, Agona rocks would be in the center of

an anticline and, thus, the lowest portion of the complex.

Just east of Agona, in the central portion of the Agona body

a lens of Birrimian quartz-mica-hornblende schist, up to a

mile wide and several miles long extending north out of the

area, crops out.

Outcrops are usually large, rounded boulders with

smooth, gray, weathered surfaces. Quartz and feldspar form

raised bumps around holes where biotite has weathered out.

The Agona quartz monzonite is a medium-grained,
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equigranular, hypidiomorphic granular rock. The color of a

fresh surface is dull white to cream with black flecks of

biotite. Plagioclase with easily-seen polysynthetic twins

is glassy in luster. Quartz varies from gray to less-

frequent bluish gray. Biotite is fine grained and is spread

evenly throughout the rock.

A specimen from the Kusien River (HF58) has the fol

lowing percentages of minerals as determined by visual esti

mation from thin section: albite 40, andesine 20, quartz 20,

microcline 15, biotite 5 Epidote and muscovite (sericite?)

in trace amounts are alteration products of the plagioclase.

Feldspars and quartz are the largest grains and are up to 6

millimeters in largest dimension. Microcline has quadrille

structure. Andesine crystals show oscillatory zoning with

some zones sausseritized. Albite replaced much of the orig

inal andesine and microcline.

The original rock was probably a quartz monzonite

with the approximate composition: andesine 40 percent,

microcline 35 percent, quartz 20 percent, and biotite 5 per

cent .

Quartz monzonite dikes. --Dikes of quartz monzonite

intrude quartz-mica-hornblende schist in the north. In hand

specimen the texture appears equigranular, medium grained,

hypidiomorphic. However, in thin section the texture is

cataclastic granular. Phenocrysts represent 40 percent of
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the thin section. The relative abundance of these rounded

phenocrysts is: microcline 50 percent, plagioclase 40 per

cent, and quartz 10 percent. The groundmass is finely gran

ulated microcline, quartz, and sericite, with accessory cal-

cite probably resulting from the alteration of feldspars.

The rock may have been tectonically brecciated and sheared,

movement producing rounded "pebbles" of microcline and pla

gioclase with some quartz in a matrix of quartz, feldspar,

and sericite that seems to have flowed around the "pebbles."

The matrix was subsequently hardened by recrystallization of

quartz, yet retains its clastic appearance.

Age and contact relationships .--Contacts of Agona

rocks with Birrimian schist are not exposed. However, at

the bridge of the main lorry road over the Apakama River,

outcrops of albitized quartz monzonite are adjacent to those

of Birrimian schist, suggesting the contact is probably quite

sharp. The Agona albitized quartz monzonite contains a few

small inclusions of schist. Albitized quartz diorite in

trudes Agona rocks along the Aboabo River to the north and

southeast of Bepoben. Thin quartz veins are present through

out the body.

Bepoben albitized quartz diorite

Bepoben albitized quartz diorite forms a layer adja

cent to and, for the most part, structurally overlying the



Agona albitized quartz monzonite. The layer extends from

the northern border of the map area near Bepoben southwest

for 10 miles to near Oseneso. It is also exposed in the

eastern and southwestern portions of the area in many small

areas of outcrop.

The Bepoben albitized quartz diorite has six recog

nizable varieties: (l) dark, fine-grained, biotite-rich ,

albitized quartz diorite porphyry; (2) dark, medium- to

coarse-grained, equigranular, slightly albitized quartz

diorite; (3) white, medium- to coarse-grained, albitized

quartz diorite; (4) pyroxene-bearing quartz diorite; (5)

amphibole-bearing quartz diorite; and (6) fine-grained dikes

Porphyry. --The porphyry is inequigranular , hypidio

morphic granular in texture. The rock is black with white

blebs formed by elongate feldspar and round, bluish-gray

quartz phenocrysts in a matrix of fine- to medium-grained

biotite. Weathered boulders have dark, rough surfaces

formed by protruding quartz and feldspar crystals.

The mineral content is: albite 30 percent, andesine

30 percent, quartz 20 percent, biotite 10 percent, and epi-

dote, apatite, opaques, zircon and sphene as accessories

constituting the remaining 10 percent.

Andesine is up to 5 millimeters long, has granulated

edges, and is zoned. The grains have been partially re

placed by albite and quartz. The remaining portions are
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sausseritized. The original quartz grains are usually

crushed and show undulatory extinction. Biotite is usually

not larger than a 5 millimeter in length.

Equigranular quartz diorite .--Petrographically this

rock is similar to the porphyritic variety except that the

andesine crystals are smaller and only slightly replaced by

albite, and biotite is larger. The rock is usually crushed

and it may be a sheared variety of the porphyry. The feld

spars average about 2 millimeters long and many have bent

twinning planes. Biotite flakes are up to 2 millimeters

long.

White quartz diorite . Well foliated, medium- to

coarse-grained, hypidiomorphic granular albitized quartz

diorite is white with black coarse-grained biotite crystals

interspersed throughout. This rock is easily distinguished

from the other quartz diorites by its white color. Feld

spars tend to form clots and long stringers up to 3 centi

meters long. Groups of biotite crystals are up to 1 centi

meter long. Mineralogic composition was originally the same

as the porphyry. However, in the white, albitized quartz

diorite up to 80 percent of the andesine has been replaced

by albite. The andesine remaining is sausseritized. Some

of the quartz shows slight curtain-like undulatory extinc

tion .

Pyroxene-bearing quartz diorite . Fresh Bepoben
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quartz diorite that is not albitized crops out near Mampoma.

The texture is the same as the other quartz diorites. Min

erals are plagioclase, calcic oligoclase to sodic andesine,

60 percent, biotite 20 percent, quartz 15 percent, and pyrox

ene 5 percent. The plagioclase has oscillatory zoning with

some bent twin lamellae. Quartz has undulatory extinction.

Amphibole-bearing quartz diorite . Quartz diorite

containing amphibole, probably actinolite, and no albite is

exposed in a road cut on the main lorry road near Sebinso.

The amphibole is partially replaced by biotite.

Fine-grained quartz diorite dikes .--Thin dikes of

albitized quartz diorite intrude Agona albitized quartz mon

zonite and Bepoben albitized quartz diorite in the Apakama,

Aboabo, and Atrisu rivers area in the north. Outcrops are

rounded, white boulders with an extremely rough surface

where the blocky feldspars still retain their crystal forms.

The dikes are coarse grained, equigranular, hypidio

morphic granular with no foliation. The feldspars are

blocky and white. Prismatic, olive-green amphibole crys

tals, weathering to brown iron oxide, are up to 1 centimeter

long. Fractures and feldspar borders have brown staining,

probably derived from the weathering of the amphibole. The

rock contains a sporadic distribution of quartz blebs up to

1^ centimeters in diameter. Dikes were apparently emplaced

along pre-existing joints.
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One such dike from the Atrisu River has the mineral

composition: albite 50 percent, quartz 29 percent, sodic

oligoclase 20 percent, and amphibole 1 percent. Epidote is

accessory.

A fine-grained variety of albitized quartz diorite

cuts the northwest body of Bepoben porphyry. It occurs in

long, thin, dike-like bodies which may be recrystallized

shear zones or dikes of remobilized quartz diorite emplaced

late in the formation of the Bepoben quartz diorite. Out

crops of this light gray rock are exposed on the lorry road

from Aboabo to Bepoben about 3/4 of a mile east of Bepoben.

In hand specimen the quartz diorite looks like aplite . In

thin section it is very fine grained with a hypidiomorphic

granular texture. Minerals are albite 62 percent, quartz

25 percent, biotite 10 percent, muscovite 2 percent, and

accessory apatite and epidote. Albite has a splotchy, dusty

appearance, probably more calcic plagioclase was originally

present. Quartz grains have undulatory extinction and

sutured borders.

Age and contact re 1at ion ships. --Dikes of Bepoben

albitized quartz diorite intrude the Agona albitized quartz

monzonite, indicating that the quartz diorite is younger.

The Bepoben albitized quartz diorite forcibly in

truded the Birrimian schists. The contact is sharp without

noticeable contact metamorphism, but the schist is folded
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and contorted at the contact (figs. 7 and 8). In many places

the schistosity within the Birrimian rocks is deflected and

becomes conformable with the contact with the granitic rock.

The quartz diorite was intruded as lit-par-lit injection on

the northwest side of the complex (fig. 9) along the Subri

and Aboabo rivers. It cuts the schist perpendicular to its

schistosity at this locality (fig. 10). At one outcrop on

the Ongwa River dikes of quartz diorite, originating in the

main body, extend into the schist along joints and cleavage

(fig. 10) cutting schist, and indicating that the quartz dio

rite was once magmatic.

The quartz diorite is locally intruded by aplite

dikes, and quartz veins are present throughout.

Wamaso albitized granodiorite

The Wamaso albitized granodiorite is the uppermost

unit of the Pra River complex. The lower surface of this

lens-shaped body is in contact with the Bepoben albitized

quartz diorite, the upper surface with the quartzo-

feldspathic and pelitic schists of the Birrimian. Small

lenses intrude the pelitic schists in the central portion of

the area.

Two main varieties exist within the Wamaso albitized

granodiorite: a porphyritic albitized granodiorite, and a

well-foliated, sheared and crushed albitized granodiorite.
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Figure 8. --Bepoben albitized quartz
diorite cutting Birrimian schist in

clusion, Subri River. Note schistos

ity cut by contact.



Figure 9 .--Lit-par-lit injection of

Bepoben albitized quartz diorite into

Birrimian schist, Subri River. Ridge
are schist remnants; depressions are

albitized quartz diorite.
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Figure 10. Bepoben albitized quartz
diorite intruding Birrimian schist,
Ongwa River near mile 33 on railroad
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A muscovite-feldspar-quartz schist is thought to be a border

facies of the foliated variety.

Porphyritic albitized granodiorite .--The porphyritic

albitized granodiorite has slightly foliated to nonfoliated

structure and a medium-grained, porphyritic, hypidiomorphic

granular texture. The rock is pinkish white with dark, thin

bands of biotite and opaque minerals. Phenocrysts of feld

spars range up to 3 centimeters long. Porphyritic Wamaso

albitized granodiorite is similar in appearance to the Wuwu

River quartz monzonite porphyry, but can be distinguished in

the field by its pink color and slight foliation.

Porphyritic albitized granodiorite occupies the cen

ter of the strip of granodiorite that borders the northwest

ern part of the Pra River complex along the Apakama River.

Isolated bodies are in contact with Bepoben albitized quartz

diorite between the Subri and Osen rivers and locally in the

tributary of the Pra River east of Aboabo from about 3 miles

from its confluence with the Pra to the eastern border of

the Wamaso granodiorite area. There it is in contact with

the Wuwu River quartz monzonite. Generally the porphyritic

variety occupies the central portion of the lens-shaped body.

No albitized granodiorite is exposed in contact with Bir

rimian schists.

Minerals present in thin section are: quartz 35 per

cent, albite 30 percent, microcline 20 percent, oligoclase
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10 percent, bleached biotite 5 percent, and accessory epi

dote. Both microcline and oligoclase are partially replaced

by albite; feldspars have been sausseritized and partially

replaced by quartz. The quartz grains have sutured borders

and undulatory extinction. Plagioclase has bent twinning

lamellae. Before albitization the mineralogical composition

was probably that of a granodiorite or quartz monzonite with

quartz 35 percent, microcline 30 percent, oligoclase 30 per

cent, and biotite 5 percent.

Foliated albitized granodiorite . The well-foliated

Wamaso albitized granodiorite usually borders the lens-shaped

body of the porphyritic variety. Rounded boulder outcrops

are well exposed in the Apakama River 1 mile downstream from

Bepoben and in the upper regions of the Numene River.

The well-foliated variety is finer grained and

slightly darker than the porphyritic variety. It has a

higher biotite percentage and generally a higher abundance

of accessory minerals. The texture is hypidiomorphic granu

lar. The mineral composition is similar to the porphyritic

variety. However, the rock is more sheared, silicified, and

albitized.

Muscovite-feldspar-quartz _schis_b .--Muscovite-feldspar-

quartz schist occurs on the extreme northwest side of the Pra

River complex at the border of the Wamaso albitized granodio

rite in contact with the Birrimian schists. The outcrops lie
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in a thin zone along the entire northwest side of the com

plex. The schist has a finer grain size and more intense

foliation than the porphyritic or foliated varieties of

Wamaso albitized granodiorite.

This schist may be a border facies of the Wamaso

albitized granodiorite that resulted from cooling and shear

ing of a semisolid crystal mush during intrusion into the

Birrimian schist. An alternate interpretation is that it is

a sheared border of the Pra River complex that was developed

during folding of both the lens-shaped Pra River complex and

the adjacent Birrimian schists.

The schist is white with thin bands of alternating

layers of mica and feldspar with quartz. The bands are usu

ally less than a millimeter in thickness. Bands of mica

make the rock more fissile than other schists. The weathered

rock is tan to brown.

The schist is fine grained, lepidoblastic. Minerals

ares quartz 40 percent, albite 40 percent, muscovite 20 per

cent, and trace amounts of chlorite. The schistosity is out

lined by parallel muscovite flakes.

Age and contact relationships .--The Wamaso albitized

granodiorite intrudes the Birrimian schists in several places.

On the Aboabo River near the northernmost portion of the area,

Birrimian schists crop out within the granodiorite as screens

and small inclusions generally with vertical foliation. The
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schists are folded and contorted, and the foliated albitized

granodiorite surrounds and crosscuts the schistosity. Six

miles east of Wamaso on the Subri River north of its con

fluence with its main southern tributary, the foliated albit

ized granodiorite cuts across contorted Birrimian quartzo-

feldspathic schists (fig. ll) . A third locality showing the

same relationships with the Birrimian schists is on the trib

utary to the Pra River flowing east from Moseaso near the

contact with the Wuwu River quartz monzonite. The most re

vealing outcrop is on the Pra River at the point where a

small finger of the porphyritic Wamaso albitized granodio

rite extends across the river south of Mokwa. Here the

albitized granodiorite is a thin dike crosscutting the por

phyritic Bepoben albitized quartz diorite (fig. 12), indi

cating that the Wamaso albitized granodiorite is younger

than the Bepoben albitized quartz diorite.

Inclusions in the Pra River complex

Inclusions in the Agona quartz monzonite are garnet-

bearing, biotite-quartz-feldspar schists and gneisses, typ

ical of the quartzo-feldspathic schists of the Birrimian.

Inclusions of Birrimian schists are numerous in the

southwestern portion of the Bepoben quartz diorite. Because

outcrops are few except in stream valleys, it is impossible

to map inclusions throughout much of the area.
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Figure 11. --Wamaso albitized grano

diorite intruding Birrimian schist,
Subri River. Note schistosity pushed
aside near contact.
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schist \

Figure 12. --Contact relations of Pra

River complex, Pra River near Mokwa.

Bepoben albitized quartz diorite in

cludes Birrimian schist and migmatite.
These are cut by Wamaso albitized

granodiorite. Granodiorite was mag-

matic. Granodiorite is cut by a peg

matite dike .
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At many localities along the Birrimian schist-

albitized granodiorite contact the albitized granodiorite

contains inclusions of quartzo-feldspathic schist. Elon

gate, well-foliated bodies of Birrimian quartz-amphibole

schist and chlorite schist crop out within the Wamaso grano

diorite rocks on the Subri and the two Suhien rivers on the

southwestern side of the complex. However, no contacts are

exposed.

Migmatite s of the Pra River complex

At many locations the granodiorite grades into mig-

matitic rocks containing abundant biotite. The migmatite is

compositionally intermediate between the Birrimian quartzo-

feldspathic and pelitic schists and granodiorite. No micro

scopic examination has been made of this rock type. The

migmatite has more biotite than the various igneous rocks of

the Pra River complex, and has an igneous or gneissic tex

ture. It is highly contorted with isoclinal folds.

Foliation of the Pra River complex

Aligned biotite and feldspar define foliation in the

Agona albitized quartz monzonite. Regional foliation in the

northwest is N. 45 E* with vertical dips. Along the Apakama

River near the blunt nose of the quartz-mica-hornblende schist

body, strike varies from N. 20 W. to N . 30 E. and dips from

65 to vertical. In the east the foliation gradually bends
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toward an east-west direction. Here many schist bodies which

also have east-west schistosity are included in the albitized

quartz monzonite.

The Bepoben albitized quartz diorite has a more pro

nounced foliation than the Agona albitized quartz monzonite.

The foliation is parallel to the regional structures of the

Birrimian schists, generally northeast with steep dips, even

in the portion near Wamaso where the outcrops trend N. 10 W.

Foliation within both varieties of Wamaso albitized

granodiorite is formed by parallel minerals probably aligned

by shearing. This foliation is generally parallel to the

borders of the granodiorite unit and has steep to vertical

dips. The strike of the foliation of both varieties along

the southern border is erratic and the dips are generally

shallower .

Twifu Praso Complex

The Twifu Praso complex is located in the southwest

ern third of the area extending from the center to the south

along the eastern border. Two distinct varieties of Twifu

Praso complex rocks can be distinguished in the field: al

bite granite and granodiorite gneiss.

Albite granite

The albite granite of the Twifu Praso complex is
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exposed in an east-west trending body in the area of the

main lorry road running from Nyenasi to Twifu Praso. It is

almost 5 miles long and varies up to lj miles in width, the

widest area being in the vicinity of Damang. On the eastern

side of the body where it crosses the Pra River it grades

into the granodiorite gneiss.

Albite granite is bluish gray with brown spots and

is medium grained, allotriomorphic granular. Muscovite oc

curs in thin brownish-colored books. Minerals are albite

45 percent, quartz 25 percent, muscovite 20 percent, micro

cline 5 percent, carbonate 5 percent, and accessory biotite,

zircon, apatite, and epidote. Albite shows no twinning

lamellae. Muscovite crystals are up to 2 millimeters long.

The carbonate is probably derived from altered feldspars.

The rock is probably a granodiorite or quartz monzonite that

has been albitized and recrystallized to produce clear albite

and a metamorphic texture.

Granodiorite gneiss

Most of the Twifu Praso complex is white to cream,

well-foliated gneiss. A typical specimen has abundant small

muscovite grains. Outcrops weather to round boulders with

very little fresh rock exposed.

The rock is xenoblastic granular in texture. Min

erals are: sodic oligoclase 58 percent, quartz 20 percent,
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microcline 10 percent, muscovite 10 percent, carbonate 2

percent. Sphene and apatite are present in trace amounts.

Microcline and carbonate replace oligoclase. In some of

the rock minor epidote is formed from the breakdown of feld

spar.

Inclusions in the Twifu Praso complex

Within the granodiorite gneiss inclusions of

muscovite-quartz-oligoclase schist exist. Microcline is

present in trace amounts. Carbonate is spread throughout.

In one rock quarry a mile east of Twifu Praso on the Central

Province Railroad molybdenite flakes up to 1 millimeter in

diameter constitute up to 2 percent of the schist. Garnet

occurs along the contacts of this schist inclusion extending

up to 2 centimeters into the gneiss.

Age and contact relationships

The relative age of the Twifu Praso complex with re

spect to the other granitic bodies in the area is unknown.

The only granitic body that the Twifu Praso complex is in

contact with is the Bepoben albitized quartz diorite. Un

fortunately the contact is not exposed.

Wuwu River Quartz Monzonite

Wuwu River quartz monzonite lies in the northeastern

portion of the area extending from just west of the Pra River
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to beyond the eastern border of the area and from about l\

miles south of the north border to within 3 miles north of

Twifu Praso. The body is a half oval in plan view; the long

axis is east-west and 5 miles long. A small finger extends

southwest across the Pra River toward Nyenasi.

Wuwu River quartz monzonite is a white, medium- to

coarse-grained, inequigranular, hypidiomorphic porphyry.

Black biotite is spread evenly throughout, resulting in a

"salt and pepper" appearance. White to gray weathered micro

cline phenocrysts, up to 2 centimeters in width, are resist

ant to weathering and give the outcrop surface a rough tex

ture which can be compared to gray "crocodile" skin. Quartz

of medium grain size is prevalent. The rock is usually un-

foliated except near contacts with Birrimian schist. The

weathered outcrop usually forms rounded boulders (figs. 13

and 14)

Minerals present are microcline 35 percent, calcic

oligoclase 35 percent, albite 10 percent, quartz 15 percent,

and biotite 5 percent. Epidote, apatite, and muscovite are

present in trace amounts. The microcline crystals are much

larger than any of the other minerals and are partially re

placed by albite. Microcline twinning is disturbed and dis

located, apparently compressed and crushed. Plagioclase

crystals are zoned. Quartz shows undulatory extinction.

The rock can be distinguished from other granites by
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Figure 13 .--Boulders of Wuwu River

quartz monzonite, Wuwu River.

Figure 14. --Boulders of Wuwu River

quartz monzonite, Bimpong River.

Note bumpy, rough surface and lack

of foliation.
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its porphyritic texture, lack of muscovite, and white to

gray color, and from the porphyritic variety of Wamaso al

bitized granodiorite by its white to gray color and unfoli-

ated texture. There is very little variation in the rock

type within the main portion of the Wuwu River quartz monzo

nite .

Inclusions in Wuwu River quartz monzonite

Two large bodies of Birrimian quartzo-feldspathic

schists, probably roof pendants, are included within the

Wuwu River quartz monzonite. Both are elongate and might

have been originally one body that has been faulted. The

inclusions extend out into the region of Birrimian rocks.

The schist bodies represented on the map along the Bimpong

and Wuwu rivers are the major inclusions exposed. However,

it is possible that a similar number of inclusions exist

throughout the granite body, or that they represent the rem

nants of a dome structure in the schist where the fold in

the Birrimian has leveled out and is beginning to plunge

northeastward. The inclusions are usually contorted and

folded. Contacts with the granite are sharp and, in many

places, cut across the schistosity of the schists. Small

inclusions are present in the large boulders exposed on the

Bimpong River. These are up to 10 inches long and are ran

domly oriented.
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Foliation in Wuwu River quartz monzonite

Foliation in the Wuwu River quartz monzonite is the

result of concentrations of biotite in schlieren-like shapes.

These occur only along the western border of the southwest-

extending finger and in the vicinity of the Birrimian

quartzo-feldspathic schists on the Bimpong River. At these

localities the rock is slightly darker because of higher con

centrations of biotite and looks like the Bepoben albitized

quartz diorite. This variation in composition is probably

influenced by assimilation of albitized quartz diorite and

possibly Birrimian schist inclusions that were not thoroughly

digested. Foliation elsewhere in the body does not have sys

tematic orientation.

Migmatite

Aside from the migmatites associated with the gra

nitic rocks mentioned above, there are other areas of mig-

matitic rock. All are located in the region of the Pra River

and the main lorry road about 2 miles south of Twifu Praso.

All the migmatites have a gneissic to schistose texture with

segregated bands of biotite and quartz feldspar. These rocks

are texturally intermediate between the Birrimian schists and

the granitic rocks.
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Chemical Composition of Granitic Rocks

The most striking chemical property of the granitic

rocks of Field Sheet 48 is their high Na?0 content (tables 4

and 5). K0 content is a little less than is usually found.

The high Na content is the result of either concentration of

sodium from a larger mass of rock material or introduction

of sodium by metasomatism. The time and mechanism for the

emplacement of excess Na is not known for these rocks. The

chemical analyses for the metamorphic host rocks surrounding

the granitic rocks (table 2) do not indicate that the Na

migrated away from the metamorphic rocks into the granitic

rocks

Comparison of these analyses with analyses of gra

nitic rocks from other parts of Ghana (Junner and James,

1947; Junner, 1940; and Edmonds, 1956) shows that chemically

the granitic rocks of Field Sheet 48 are similar to the Dix

cove or G2 (younger) granites, and some of the Winneba-Wa or

Gl (older) granites. Petrographically, however, these rocks

belong to the Cape Coast, Winneba-Wa or Gl granites.

The discovery of Na introduction, making these rocks

chemically odd, and a wide variety of petrographic types

reveals that the granitic history of the Precambrian West

African shield is probably much more complicated than for

merly believed. Before isotopic study of these rocks, for



Table 4. --Analyses of granitic rocks

Oxide HF58 HF14 HF64 HF521 HF937

sio2 68.1 73.8 63.9 64.7 70.9

A123 16.3 15.3 17.0 15.3 15.8

Fe23 0.61 0.20 1.04 2.54 0.69

FeO 2.02 0.63 2.86 2.97 1.44

MgO 1.53 0.40 2.51 2.41 1.02

CaO 2.83 0.88 3.91 3.92 2.22

Na20 4-93 4.73 4-94 4.80 5.12

K20 2.84 3.95 2.52 2.12 1.79

H20
+ 105C 0.31 0.23 0.38 0.50 0.42

H20- 105C 0.10 0.05 0.09 0.06 0.07

Ti02 0.46 0.09 0.74 0.80 0.24

MnO 0.02 0.04 0.05 0.04 0.03

co2 0.01 0.04 0.04 0.04 0.27

P25 0.14 0.01 0.18 0.21 0.07

Total 100.20 100.35 100.16 100.41 100.08

Analyst: Dr. J. D. Kerbyson

HF58 Agona albitized quartz monzonite.

HF14 Agona albitized quartz monzonite dike.

HF64 Bepoben albitized quartz diorite porphyry.

HF521 Bepoben albitized quartz diorite, equigranular

variety.
HF937 Bepoben albitized quartz diorite, medium- to coarse

grained variety.
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Table 5 .--Analyses of granitic rocks

Oxide HF33 HF213 HF161 HF917 HF943

sio2 72.3 70.8 73.8 70.1 69.1

A123 15.9 15.2 16.7 15.6 16.8

Fe203 0.64 1.10 0.56 0.36 0.51

FeO 0.69 1.67 0.17 1.52 1.11

MgO 0.52 1.04 0.47 1.26 0.71

CaO 1.03 3.42 0.76 2.11 2.82

Na20 4.69 4.61 5.29 4-37 5.17

K2 3.86 1.36 1.37 3.97 2.17

H20
+ 105C 0.26 0.25 1.05 0.39 1.07

H20
- 105C 0.08 0.08 0.12 0.06 0.07

Ti02 0.14 0.57 0.09 0.29 0.34

MnO 0.03 0.03 0.01 0.03 0.01

co2 0.01 0.05 0.01 0.01 0.70

P25 0.07 0.12 0.01 0.10 0.09

Total 100.22 100.30 100.41 100.17 100.67

Analyst: Dr. J. D. Kerbyson

HF33 Wamaso albitized granodiorite prophyry.
HF213 Wamaso albitized granodiorite, foliated variety.
HF161 Wasaso albitized granodiorite, muscovite-feldspar-

quartz-schist variety.
HF917 Wuwu River quartz monzonite.

HF943 Twifu Praso albite granite.



73

both dating and petrogenesis, is undertaken, careful mapping

must be performed.

Pegmatites

Pegmatites crop out throughout the southeastern

portion of the area. Commonly the pegmatites occur as iso

lated thin dikes, but along the Pra River in the area li

miles north and due west of Twifu Praso, they become very

thick and massive. Because they do not crop out away from

the river along their strike, their shapes are unknown. No

minerals of economic value were observed in any outcrops

studied.

Pegmatites are concentrated around and within the

Twifu Praso granite and its variations, and near the Wuwu

River quartz monzonite. Small pegmatite dikes exposed on

the Kusien River near Agona in the north are composed of

feldspar, quartz, and muscovite. The feldspars and quartz

have graphic texture. Muscovite grew in long wispy, radiat

ing "horse tail" shapes up to 2j centimeters long. Mica

plates are extremely thin and crenulated with the fold axes

parallel to the long direction of the crystals.

Pegmatites exposed in the railroad cuts just west of

the Pra River have all their feldspar altered to kaolinite.

Specimens from some localities were analysed by spec-

trographic methods, and the results are tabulated (table 6).
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Table 6. --Spectrographic analyses of pegmatite dikes

Analyst: Dr. J. D. Kerbyson

Element-values in p.p.m.

Be Li Pb Sn Nb Mo W

<5 <50 <20 <10 <20 <5 <100
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Quartz Veins

Many types of quartz veins are found throughout the

Birrimian and granitic rocks. These vary in thickness from

less than a few inches up to tens of feet. Most are composed

wholly of quartz. Some are extremely crushed and recrystal

lized and may be remains of veins emplaced along shear zones

while these zones were still active. Quartz veins are usu

ally more resistant to weathering than the host rock. The

greatest proportion of quartz veins are found on tops of

hills and ridges, indicating that the higher bulk of resist

ant rock may act as a hard backbone for the ridges.

One interesting variety of quartz vein contains vary

ing amounts of tourmaline. The amount of tourmaline varies

from trace amounts in some localities to 80 percent in others.

The tourmaline quartz veins are most prevalent along the Cen

tral Province Railroad cuttings just west of the Pra River.

These are emplaced near weathered pegmatite dikes. The tour

maline is usually dark green and forms small, acicular crys

tals .

Tarkwaian

A detailed study of the petrography of Tarkwaian

rocks is beyond the scope of this study. However, because

they crop out within Field Sheet 48 and because their age
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and structure are critical to the interpretation of the

structure and history of the Birrimian and associated gra

nitic rocks, a brief summary is included. Because the Tark

waian is the host rock for most of the gold deposits in

southern Ghana, it has been studied in much greater detail

and by more workers than any of the other rocks exposed in

the area.

Tarkwaian rocks occur in a continuous band along the

entire western border of the area. Four units are exposed

within Field Sheet 48. These are: Kaware quartzite, Kaware

arkose, Banket quartzite, and Tarkwa "phyllite."

A potassium feldspar, dated by Holmes and Cahen

(1953), taken from a pegmatite that cuts Tarkwaian rocks

22
east of Konongo has an argon age of 1850 120 million

years .

Kaware Group

Quartzite

Quartzites of the Kaware Group are in contact with

Birrimian schists along their entire eastern side. Their

western border is in contact with Banket quartzite. Many

small bodies of amphibolite are emplaced within the Kaware

quartzite. No contacts are exposed.

The quartzites may have been derived from sediments

shed off the Birrimian schists west of the Tarkwaian trough
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north of Tarkwa. The arkose may be equivalent in age but

represents sediments shed from the exposed portions of the

granitic rocks of the Pra River complex immediately to the

east .

Arkose

Arkoses of the Kaware Group are seen at the north

border of Field Sheet 48 on the northwest side of the quartz

ites, and within the quartzites west of Ateiku at the western

border of the area. This latter area is not separately shown

on the map. The arkose may be equivalent to the Kaware con

glomerate, the supposed basal conglomerate of the Tarkwaian,

exposed in areas to the west near Tarkwa.

Banket Quartzite

The Banket quartzite lies to the west and is in con

tact with the quartzites of the Kaware Group. It is exposed

in the extreme northwest corner of the area. The Banket is

also intruded by metamorphosed mafic igneous rocks.

Tarkwa "Phyllite"

Lying between the two areas of Banket quartzite is

the Tarkwa "phyllite." Tarkwa phyllite has been mapped along

the complete band of exposed Tarkwaian rocks in southern

Ghana. In Tarkwa, the locality of the type section of the
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Tarkwaian, the rock is a phyllite, but in many other areas

it varies in degree of metamorphism. In Field Sheet 48 the

unit is a staurolite-biotite schist, thus the quotation marks

around phyllite.

Tarkwaian rocks are metamorphosed to kyanite grade

in Field Sheet 48. Garnet, staurolite, and kyanite are prev

alent throughout. Numerous northwest trending and east-west

trending faults cut and displace Tarkwaian rocks.

Metamorphosed Mafic Igneous Rocks

Metamorphosed mafic igneous rocks, probably of intru

sive origin, are located throughout the Birrimian and Tark

waian areas. Five bodies lie in the southeast part of the

area. At least 13 bodies are emplaced into rocks in the west.

The bodies cut across the structure of surrounding schists

and quartzites with the long axes of the bodies randomly ori

ented

The rock usually has a large grain size and varying

mineral composition from feldspar-hornblende rocks to almost

monomineralic hornblendite. The feldspar-hornblende rocks

are black and white and contain elongate minerals which are

in some places aligned in parallel planes. The monomineralic

hornblendite is dark green and has equidimensional interlock

ing grains. The hornblendite weathers to a soft, light green
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to gray mineral which might be anthophyllite or talc. All

the metamorphosed mafic igneous rocks are extremely hard and

have high specific gravities.

A specimen of feldspar-hornblende rock (HF 154) has

a hypidiomorphic granular texture. The minerals are horn

blende 60 percent, oligoclase plus quartz 30 percent, and

calcite 10 percent.

Diabase

A diabase dike extends north-south through the west

ern part of the area. Aerial magnetic studies of the areas

to the north and west of Field Sheet 48 show that this dike

and others like it are fairly continuous and extend from the

coast of Ghana to north of Field Sheet 48. Even though this

geophysical study does not include Field Sheet 48, it is as

sumed that the dike is fairly continuous in the area. The

map shows only the outcrop distribution. In the north the

dike varies from 50 to 100 feet in thickness. B. K. Pentsil

has mapped it up to 0.1 mile wide in the southern part of the

area. Several smaller offshoots crop out east and west of

the main dike.

The rock is dark green, dense, and extremely hard.

The feldspar and pyroxene crystals interlock and form a

deccusate texture. Outcrops weather to round boulders a few

feet or less in diameter. The weathered surface is dark
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brown. The weathered zone of the boulders usually extends

a few inches into the rock and is concentric to the outer

surface .

Grain size varies along the length of the dike, but

there is no variation in grain size evident from the center

to the outer border in any one locality. The dike intrudes

all rocks in the west except the metamorphosed mafic igneous

rocks

Specimen HF 169B has labradorite 50 percent, pyrox

ene (possibly augite) 50 percent. Opaque minerals are pres

ent in trace amounts. Many of the pyroxene crystals have

green borders.
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Intruded granitic rocks lie near the quartzo-

feldspathic and pelitic schists contact and include the

quartz-mica-hornblende schist. The form of the Pra River

complex is a layered sill or laccolith probably thickening

at depth in the northeast where it is nearly vertical and

thinning to the south and east where it is nearly horizon

tal. The form of the Twifu Praso complex is not known, but

the intrusive rock appears to cut across Birrimian units.

The Birrimian and most of the granitic rocks were

folded into a series of synclinoria and anticlinoria with

axes trending northeast. The axes of the folds generally

are near horizontal, but are apparently deflected upward

and away from the post-kinematic Wuwu River quartz monzo

nite. The Wuwu River quartz monzonite cuts across the Bir

rimian and Pra River complex rocks (fig. 15).

Faults

Some of the faults mapped have been proposed because

of the position of mylonitic rocks and fault breccia in con

junction with the discontinuity of rock units along strike,

and the disruption of the general strike pattern of the folia

tion. However, most of the faults are proposed because of

discontinuity of rock units with apparent displacement along
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lines which are located near linear topographic features

such as stream courses.

Most of the faults along the western and northern

borders of the Pra River complex present similar character

istics: (l) left-lateral strike-slip movement, (2) usually

meet the complex nearly perpendicular to the complex border,

and (3) from outcrop data available, seem to die out within

the complex.

Because the faults enter the complex perpendicular

to the major fold axes, these are probably tear faults de

veloped during the folding and thrusting of the Tarkwaian

rocks .

The contact between Birrimian and Tarkwaian rocks

may possibly be a thrust fault. The northwestern border of

the Tarkwaian belt north of Tarkwa is thrusted against Upper

Birrimian rocks. In Field Sheet 48 no Upper Birrimian rocks

are exposed, possibly because they are cut out by the thrust

ing. Observation of the southeastern contact of the Tark

waian belt has never been reported, not even in the Konongo

Gold Mine 100 miles to the north where drifts supposedly

cross the Tarkwaian-Birrimian contact.

I



GEOLOGIC HISTORY

Graywacke and arkosic sediments, shales, and mud-

stones were deposited in a eugeosyncline . Volcanic rocks

were either deposited concomitantly or intruded later as

sills, laccoliths, and other small bodies. All were meta

morphosed in varying degrees up to grades producing garnet,

staurolite, and kyanite. The resulting metamorphic rocks

form the Birrimian System.

The Pra River complex of quartz monzonite, quartz

diorite, and granodiorite intruded the Birrimian in sequence

as large sills in the west and as small lenses in the east,

possibly during the time of metamorphism of the Birrimian

sediments. The Twifu Praso complex of albite granite and

granodiorite intruded the Birrimian rocks in the east.

Both the Birrimian and associated granitic rocks

were folded into synclinoria and anticlinoria. The uplift

ing and erosion that possibly took place at this time depos

ited arkosic sediments, sands, and shales to the north and

west of Field Sheet 48, forming the original rock of the

Tarkwaian System. These sedimentary rocks were then down-

folded with accompanying intrusion of mafic igneous rocks.

Later these rocks were thrusted over the Birrimian and gra

nitic rocks.

The Wuwu River quartz monzonite, the youngest major

84



85

granitic rock body, intruded the Birrimian schists and Pra

River complex, pushing the folds of the synclinoria and anti

clinoria upward and outward. During this intrusion and pos

sibly during the thrusting of sediments in the northwest the

folding with associated shearing and crushing probably caused

metamorphism in the sediments, forming Tarkwaian quartzites,

schists, and amphibolite, and retrograde metamorphism in the

Birrimian schists. This may also have been the time when

deuteric solutions entered the granitic rocks altering them

in part to sausserite, and remobilizing silica.

Diabase dikes are the youngest rocks in the area

other than those resulting from Tertiary and Quaternary ero

sion and deposition.
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