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This repoxt is a valuableone. Itaddsmaterially to the knowledge of the geology,
physiography and domestic water-supply of Togoland, especially with regard to
the rocks of the Buem and Togo series. The work has been done with keen
insight and energy by Mr. Robertson, much of it under difficnlt conditions during
the wet season, and the period when the severe epidemic of inflienwa was
sweeping across the counfry. o

The report amplifies, and in the main is in agreement with, that made by
Dr. Koert, as published in Das Deutsche Kolonialreich. a :

In the early part of 1918 I made a rapid journcy ﬁhroug]i the Kpa,ndu,.
Misahohe, Agu, Lome, Batome and Ho districts, so have had the opportunity of
comparing the geologv of this part of Togoland with that of the Gold Coast.

Of the interesting geological problems of these Colonies two of the more
important are the relations between :—

1.—(¢) The wide belt of foliated crystallines, embracing mainly
metamorphosed igneous and sedimentary rocks, which occur along
the coast eastward from Accra, and extend north-eastward through
Togoland, and (b) the less highly metamorphosed secdiments—quartzites,
schists of various kinds, phyllites, sandstones and grits—forming the
Akwapim series of the Gold Coast (the Togo series of Togoland) which
bound the former on the west.

2. (@) This Alkwapim (Togo) series, and (b) the Birrim series of the
Gold Coast (Buem of Togoland) lying to the west of it. In the Gold
Coast the latter comprises sedimentary and voleanic rocks, both tuffs and
lavas, with intrusions of basic and acidic rocks. All of these are con-
siderably altered, and where intruded by later plutonic masses—principally
of granitoid character—are highly altered by contact metamorphism.

As opportunity offered the Gold Coast Geological Survey has made rapid
traverses across the approximate boundaries of these series, but no actual contact
has heen noted and nothing definite seen regarding their mutual relations.
Observations made in 1913 suggested to me that the rocks of the eastern crystalline
series may be merely the more highly metamorphosed rorms ot rocks of the Akwapim
and the Birrim series, and that they were originally composed of a greater proportion
of plutonic, hypabyssal and voleanic rocks than are comprised in the Birrim
series. It seems to me not improbable that the extreme metamorphism of these
rocks may be due to a great batholith, extrusions from which are represented now
by isolated hills or groups of hills, such as Mt. Krobo and the Shai Hills. The
series contains metamorphosed sediments, such as paragneisses, quartz-schists,
quartzites, marble and amphibolite derived from limestone. The simpler view is
that these crystalline rocks are of much greater age than those to the west of them,
and it is preferable for the present so to regard them. As regards 2, the opinion
has been steadily strengthening that the Akwapim (T'ogo) and the Birrim (Buem)
are parts of one great series.

In Togoland, however, the rocks of the Buem series do not as a rule show
nearly the same degree of metamorphism. The most altered rocks that are
recoxrded are cherts and jaspers.

This absence of plutonic intrusions is probably the reason for the remarlkable
paucity of gold in the Buem area of Togoland, for there is no doubt that to these
mtrusions of granite, with their associated dykes of pegmatite and veins of quaxtz,
the Gold Coast owes a laxge proportion of its auriferous deposits.
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The evidence in the Gold Coast dispels the doubt regarding the relations

between the Buem and the Oti series. It is clear that the Ofti series is much the

younger. In many places rocks of this series lie horizontally, or neaily so, on
highly inclined rocks of the Buem sevies.

Mr. Robertson has proved the occurrence of several volcanic necks in the
Volta basin, thus adding further examples to those found by the Gold Coast
Geological Survey along the Volta river in 1915. It is probable that these volcanic
necks are post-Buem and pre-Oti in age.

Mr. Robertson supports Dr. Koert regarding pene-planation of the
country to the east of the Togo Range. This was the view that I also held, bub
the evidence furnished in the Gold Coast of successive up-lifts of the coast has now
convineed me that the physical character of that country is due to marine erosion.
Trurther, evidence is steadily accumulating which suggests that the character of
the lower portion of the basin of the Volta is also due to marine action, and that
the gorge of the Volta, where it cuts through the Akwapim Range was formerly
a narrow strait, determined by a powerful fault. Further, that the tectomic
movements still in progress raised the coast line by successive stages, thus draining
this great gulf end creating the present lower Volta River. '

A. BE. KITSON.
Axmv, Gorp Coasr.
28vd February, 1921.
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REPORT

ON THE

GROLOGY OF WESTERN TOGOLAND.

GENERAL OUTLINE OF THE TOUR.

The work reported upon below was done during a tour of twelve months,
from Angust, 1918, to July, 1919, in the British zone of Togoland, and its object
was to furnish information regarding the mineral resources of the country. The
method employed 'was to cover as much as possible of the country by means of a
network of traverses. This was so designed as to allow of nearly every district
being visited within the allotted time, whilst additional attention was devoted
to those areas which seemed most likely to yield results of economic value. The
accompanying mayp shows on a small scale the routes followed (Map No. 1).

As illustrating the proportions of the time spent in the various districts the
following generalised table may be useful :— :

Awugust, 1918.—The castern side of the Togo Range from Pode to Misahshe,

September and October, 1918.—Visits to localities known to have occurrences
of nseful minerals : (1) Djeti Chromite deposit; (2) Chra Marble deposit ; (3) Agn
Bauxite deposit; (4) Akpafu Ivonstone deposit. Also several short traverses in
the Togo Range, South of Misahohe.

November, 1918.—The Togo Range North of Misahthe and the low country
immediately to the Rast thereof. :

December, 1918.—The main road from Misahthe to Kete IKrachi, and the
Volta River from Kete Krachi to Akroso.

Jaruary, 1919.—The Tutukpene Range, the Adele Highlands, and the Oti
plaing Bast of Kete Krachi.

February, 1919.—The Northern portion of the Krachi district and the Yendi
district.

March, 1919.—Return to Misahthe from Kete Krachi, and traverses in the
Kpandu and Nkunya districts.

April, 1919.—The Kpandu and Nkunya districts.

May, 1919.—The country North and West of the Nkunya Range.

June, 1919.—The Togo Range South of Misahthe, and the portion of the Dayi
River basin to the West thereof.

The examination was mainly geological, but as various small notes were made
from time to time on other matters connected with the country and its inhabitants,
it is proposed to insert such notes in this Report, as they may not be wholly devoid
of interest. o

Attention may be drawn here to the maps of Togoland, published by Germany.
The chief of these were—

1. Scale 1 in 200,000. In ten sheets. The geographical positions of many
places throughout the country were determined, and the detail was filled in by
prismatic compass traverses, It was a compilation from observations made
by alarge number of travellers—not the work of an organised survey party.

2. Seale 1 in 500,000. In two sheets. A reduction from the 1 in 200,000
map.
P3. Scale 1 in 50,000, Special large scale maps of the Nkunya Range and of
Agu Mountain—chiefly the work of Dy. Griiner.

Tn each of these the topographical features are shown by hachures in brown,
with slight shading, and frequent levels are given along the main roads.
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Ea,ving vegard to all circumstances it must be admitted that the maps are of
a considerable order of excellence and proved very useful in the field. Only in
one instance—the Dayi Plateau—did they turn out to be really unreliable,

The ares under discussion is shown on Map No. 2. It is about 280 miles
in length from North to South, and varies in breadth from 20 to 70 miles. For
most of the length it is bounded on the West by the Volta River and by its tributary,
the Daka River. On the eastern side a line bearing no relationship to the geo-
graphical features of the country, marks the boundary between the British and
the Irench zones of control during 1918 and 1919. _

The dominating geographical feature is the range of mountains running
diagonally across the country in a direction approximately North and South,
swinging round to N.N.E—S.8.W, to the South of Misahthe, and continuing on
the West of the Volta towards Accra as the Akwapim Range. The Togoland

ovtion of this range was usually called the Togo Mountain Range by the Germans,
and will be veferred to in this Report by the same name. North of Misahshe it
gradually broadens out into a plateau, two portions of which—the Dayi Platean
. and the Adele Highlands ave included in the British zone. South of Misahéhe
the range splits info two lines of peaks, the Bastern of which practically dies out
South of Ho whilst the Western branch continues over the Gold Coast border as
the Peki Range. The highest point attained is about 3,000 feet above sea-level.
This is in the neighbourhood of Misahthe.

A parallel chain of hills runs North and South about twelve miles West of
the Togo Range, but does not attain at any point a height of over 2,800 feet (usually
much lower), and is discontinuous. The different: portions (named from South to
North) are referred to below by the following names :—Kpandu Hills, Nkunya
Hills, Tapa Hills, and Tutukpene Hills. The ground between the Togo Range
and the Kpando and Nkunya Hills is drained by the Dayi River-—that between
the Togo Range and the Tapa and Tutukpene Hills by the Asuokoko and its
tributary the Menu.

North-west of the high country is the broad undulating valley of the Oti
River—an Eastwards extension of the Gold Coast Northern Territories, whilst
o the South-east of the Togo Range a low stretch of plain drained by the Kalagha,
Todsh.i, Shio and Haho Rivers extends to the coast. This latter is dotted over
with isolated hills and small lines of peaks, the most important being Agu
Mountain, a small residual group of peaks roughly circular in outline, standing
outb labo;re the surrounding plain and reaching an altitude of over 3,000 feet above
sea-level.

 We have thus three district geographical divisions: (1) the Valley of the
Oti in the North-west, (2) the Hill Country running diagonally across the middle,
and (3) A plain in the South-east with isolated mountains.

 Geologically, the country is divisible into different sections which correspond
in great measure to the geographical divisions.

1. The Oti Series, a group of nearly horizontal sandstones, conglomerates,
mudstones, ete., occupies the low-lying Oti Valley and stretches fromy beyond the
Northern boundary of the British zone Southwards to the mouth of the Asuokoko
River, Westwards it extends into Gold Coast temitory, and Bastwards reaches
- the bottom of the Tutukpene Hills. A straight line joining Akroso and Tutulpene
shows approximately the limit of its Bastwards extension.

2 'Dhe Buem Series, altered sandstones, conglomerates and mudstones,
with associated volcanie rocks, covers the ground between the Oti Valley and
the Western scarp of the Togo Range, 4.c., the hill chains West of the Togo Range
and the valleys of the Asnokolo, Menu, Konsu and Dayi Rivers.

3. The Togo Series, chiefly altered sedimentaries, e.g., quartzite and phyllite
forms the hills of the Togo Range. The Ho branch of the range is an oﬁtljirer of
Togo rocks surrounded by crystalline metamorphics,

4. The Crystalline Metamorphic Series, gnejsses and schists with associated

intrusive igneous roclss of various types, ocoupies the remainder of the country from
- the Togo Mountains South-eastwards to thep sed. ¢
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The names Oti, Buem and Togo were given to the respective Series enumerated
above by the German geologists® and are retained provisionally for use in deserip-
tion., They do not necessarily indicate natural divisions.

The following table indicates the geological sequence in Togoland, as far as
at present ascertained. ._

1. Recent Alluvium.

2. Tertiary—Bocene Limestone exposed in the French zone to the Hast.
Not known. in the British zone, but mey exist under the coastal deposits. |

3. Ot Series.—Age unknown.

4, Buem Series—Age unknown. Probably pre-Oti.

5. Togo Series—-Age unknown. It has not been definitely shown that the
Buem and the Togo rocks are not different portions of the same sedimentary series.

6. Crystalline Metamorphic Series—Underlying the Togo Series. Partly
of igneous, partly of sedimentary derivation.

———

GENERAL OBSERVATIONS UPON THE COUNTRY.

The low country, with its island mountains, which stretches from the base
of the Togo Scarp to the sea is partly covered with dense forest, partly with more
open park-land. This latter is not quite so open, however, as the. more typical
stretches of park lend further North, possibly due to the somewhat moister
conditions which prevent, to some extent, the annual burning of grass which is such
o feature of the Northern Territories. Many of the hill slopes are covered with
dense forest, and similar conditions prevail along the banks of most of the streams,
even those which only flow during the rainy season. Relief is afforded, however,
in the intervening areas by the park land with shea trees and Borassus palms.
Yams, cassava, coco-yams, plantains and maize are grown for food. Groundnuts
are not grown extensively in most places. Coconut palms are fairly numerous.
Oil palms and cocoa trees are cultivated very largely. Out of the flat and unexciting

laing there rise some very arresting peaks and lines of hills. Two of the most
notable are Adaklu and Agu. Adaklu is a very remarkable hill, rising quite
suddenly out of the plains to & height of 1,940 feet above sea-level. It seems to
be composed principally of white quartzite, which forms precipitous cliffs standing
out as & Ane feature in the sun. This hill was not visited during the tour, bub
only scen from a distance. It is about 8% miles S.B. of Sokode (Pode-Palime
road). Lat. 6°30’ N., Long. 0°30' .

Agu is a more bulky mass, also rising abruptly from the plains, about 7 miles
E.8T. of Palime. Lat. 6° 53’ N, Long. 0° 45’ B. It is a group of hills roughly
cireular in outline, and attaining a maximum height of about 3,360 feet above
sea-level. It is partly covered with dense forest, partly with tall elephant
grass. A large proportion of the slopes is cultivated, and native villages are
perched on the Southern side of the mountain at various heights up to 2,600 feet
above sea-level. This side of Agu is well seen from the Lome-Palime railway line,
and it is on the low ground to the South and West that the Agu plantations are
situated.

Worth of Agy, in the Kpele district, are several small hill ranges running in
North and South divection, all showing conical-shaped peaks, such as indicate
possibly & late stage in the reduction of a land surface to its base-level. This
point, however, will be noticed later on. Looking Hastwards from the top of the.
Togo Mountain searp these stretches of plain are seen as a patchwork of
forest and park land; with here and there conical hills of various sizes,
either isolated or in groups or chains, Telieving the monotony of the gently
undulating low ground. South-east of Agu and Adaklu, however, practically no
prominences of any kind axe to be seen. If, on the other hand, we look Westwards
and. North-westwards from any of the island hills of the plains, especially from
Agu or from the hills further North, we see the Hastern side of the Togo Range
standing out as a well defined scarp, fairly uniform in height, with breaks here

* Tas Deutsche Kolonialreich.
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and there, e.g., the Todshi River gap and the Frangois Pass. During the rains
numberless cascades of all heights and sizes form attractive streaks of white on
the face of the scarp, but only one—the Seva Falls—was observed to last through
the dry weather. The thick forest, however, conceals other falls, some of which
continue to flow during the period of drought, though in greatly reduced volume.

There is a good deal of game in the low country, chiefly antelope of various
linds, and elephants are known to come as far South as the country Bast of Agn
during the early part of the wet season.

The Frangois Pass forms a natural break between the two parts of the
Togo Range which are included in the Southern portion of the British zone. North
of it the range commences to broaden out gradually into a platean which attains
a width of over thirty miles in the Akposso distriet, whilst Southwards it breaks
up into several chains of peaks with quite low ground in between. The Southern
end is relatively more advanced from the denudation point of view, whilst further
Noxth the streams have not yet done more than commence to eat down into the
surface of the plateau except in the cases of the larger rivers, such as the Dayi
and the Amu, tributaries of the Volta and of the Monu respectively.

At the Frangois Pass the Togo Range is about seven miles broad, from Hast
to West, and consists of two fairly well defined ridges, both running in & N.N.E—
8.3, W. direction. Eight miles further South the range splits up into two portions,
o single line of peaks on the West, running 8.8.W. to Kpeve and Anum, and a
double line on the East running approximately Southwards to Ho and Sokode.
For convenience we may call these the Kpeve and the Ho Range respectively.

They are six to seven miles apart, and the intervening plain is drained by the

Dsawde River. RSouth of Kpeve this river forms the boundary between the Gold
Coast and Togoland for some distance. The Western range is quite continuous
irom the Frangois Pass to the boundary at Kpeve. Two distinet breaks occur in
thq Eastern range, one at Ipatave, about eight miles South of Misahghe, through
which the Todshi River flows Bastwards, and the other at Sokode, some eighteen
miles further South. Beyond Sokode other hills carry on the line of the range
but they become progressively lower to the South, and almost die out before the
boun%ﬁry is reached.

_ e Togo Mountains South of the Frangois Pass do not, as far as it is possi
judge, attain at any point a height of 8,000 feet above sea-level. The ﬂ%c?ltlgg;;igg
at Misahohe is about 2,700 feet in height, and is the highest point on the Eastern
side of the region. On the Western side several peaks reach a height of about
2,800 feet, but the highest of these was not ascended. The majority of the peaks
in the Avatime highlands are over 2,400 feet high.

. South of where the range splits into two portions the hills are lower. At
Syoe, on the Kpeve hranch, the ridge is not much over 2,000 feet high, whilst the
hills above Kpeve only attain a height of 1,600 feet. On the Ho branch the hills
in the Matse and Taingbe districts rise in some cases to 1,600 feet. At Ho, six or
f‘ea\‘rleé‘ls ﬁélifaniurfher Sobutth_, tﬁe {:eig%t is a Jittle over 1,000 feet. Beyond this South-

AT 4 were obtained, but bhe s :

e nlnﬁchDoverPl,OOO oot helalt yond Sokode there doeis. not appear to be any

The Dayi Plateau is that portion of the Togo range between Misahohe and the
Anglo-French boundary West of Sodo. The gj)ayi gRiver rises in the North o(%
this region and drains most of it except the Southern portion. Tt attains a hreadth
of about thirty feet by the time it descends into the Buem counfry to the West.
The German 1 in 200,000 (approximately 4 miles to an inch) map of this district is
unreliable. At about a third of the way from Misahshe to the Anglo-French
boundary a pass traverses the range dividing it into two distinct portions. The
1l&\TVor{;I1e_rn part is chiefly undulating country with a distinet range of hills along the
thest 15191@, cub throu;gh in one place by the valley of the Dayi River on its way into
the lp ains below. The average height of the plateau is about 2,500 feet above
i,ea,— evel, rising to about 3,000 feet in the hills. The country is fairly open park-
and S1n most places, with helts of thick forest along the river courses.

- fouth of the Frangois Pass the major portion of the high ground is covered
Wi b orest, although a good many of the quartzite hills in the Ho Range are
n;a;hy ]%mss-.govered, with patches of denser growth here and there. The valley
of the Dsawde has many stretches of park-land with shea trees and Borassus

9

palms, The inhabitants of the Ho branch of this hill-tract are apparently of the
same stock as the people of the plains to the East, but in the Avatime and Logha
highlands we meet a different race with a different language, thongh most indi-
viduals also speak one of E/e dialects. According to the Germans they belong
to a race which has been displaced by the present inhabitants of the low country.

Along the whole stretch of the Togo Range from the Frangois Pass Southwards
cocoa farming is carried on to a considerable degree. Coffee and rice are also grown
in several districts—the former introduced by the German missionaries—hbut not
to any great extent. The two most important trade routes are those running
Southwards from Palime to Ho and to Kpeve respectively. The former follows the
Tastern side of the Togo Range and enters Gold Coast territory at Pode. The
latter passes Westwards into the Dsawde valley through the gop ab the North end
of the Ho Range and follows the Eastern side of the Kpeve Range to Todome,
thence crossing the hills to Kpeve and making for Anum. Another important
route comes down the West side of the Kpeve Range.

The inhabitants of the Dayi Plateau seem to be of the same race asthose of the
low ground to the South-cast, in the Kpele district. Rice, yams and cassava are
the principal crops, also a little maize. Plantains and bananas are hardly grown
at all—possibly owing to the altitude and consequent lower temperature at some
seasons. Oil palms are cultivated, but not to the same extent as further South.

The best months of the year on the plateau country and in the Avatime
highlands are from September to November—the latter part of the wet season.
At other times it is inclined to be foggy. The dense growth of vegetation hides
what might otherwise be very attractive scenery, for some of the rivers have cut
fairly deeply into the surface of the plateau, and there are numerous small water-
falls. Precipitous scarps have their sharp corners rounded off with dense bush
in an annoying way, and as native paths follow the line of least resistance it is quite
seldom that & really good general view is obtainable. Only small antelope were
seen on the Dayi plateau, but monkeys are numerous. With reference to the
above remarks on vegetation it should be noted that there is much risk of excessive
deforestation, as the natives, if not strictly watched, destroy acre after acre of
forest land for new farms.

The valley of the Dayi, West of the Togo Range, brings us back to the general
conditions of the low country—muddy streams instead of the clear water of the
hills, undrained swamps, park-land with shea trees and Borassus palms. The
hill zanges West of this are mainly forest-covered and show few clifls, except along
the West side of the Nkunya Range, which is in places quite precipitous. The
inhabitants have much more in common with the Kwahu and Ashanti peoples
than with the B/e tribes on the opposite side of the Togo Range. Beyond Kpandu
and Wurupong the H/e element practically dies out. In the Akpafu hills, however,
there seems to be something similar to what we have in the Avatime highlands, a
smoll group which has kept fairly distinct from the peoples of the low country
round about. It is noteworthy, however, that in both districts there is of recent
years a very strong tendency for the hill-peoples to desert: their old villages and
make new ones in the valleys below. Borada and Santrokofi are examples of this
in the Buem country, and Akpafu threatens to do likewise.

In connection with the distribution of the various tribes in this region it
should be noted that the Volta River has no significance as 2 racial boundary.’

The usual crops are grown in the region in question, and there is much rice
cultivated in the Nkunya and Akpafu Hills. Guinea corn and allied grains do not
figure much in the diet of the natives until one gets well into the Krachi district.
The two main trade routes from the North come respectively down the West and
Rast sides of the Nkunya Range, making for Xpeve and the Gold Coast on the
one hand and for Palime and the railway line on the other. On the Western side
Wurupong, Kpandu, and Kpeve are the principal towns, whilst on the Kast
sidle are Jasekang (Ojaselan) and Hohde (Chochoe, Pekipong).

Once we getaway from this region out on to the Oti plains to the North we find
a change for which we are prepared by the fine panorama visible from the Tapa
Hills, Looking Northwards from this point, over the Asuokoko River in the

' 2
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immediate foreground, there is little but broad plain-lfmd to be seen, with a few low
ranges of hills in the hazy distance. Strips of forest lie along the river courses, but
the rest of the country is park-land with game really plentiful—antelope of many
kinds, large and small, elephant and buffalo. Lions are rare in the Krachi district,
but ave Imown to exist. Monkeys abound along the Volta and Oti, and the higher
reaches of the latter river have many hippopotami.
The most easily detected change along the main road from Kpandu to Krachi
is the displacement of the oblong-shaped native hut with ridged roof by the round
e with central pole, as soon as the Oti country is reached. This type of country
extends right to the extreme North of the British zone, and during the dry season
only a few muddy pools are left in the stream channels except in the case of the Oti
and Volta. Hven the Dake frequently does not flow throughout the Harmattan.
During the wet season the Oti is flanked by large stretches of flooded ground, and
much of the low country becomes impassable. IFarther North the country becomes
radually barer, and shades into grass-land with. only a tree here and there. The
nhabitants belong to branches of tribes known in the Northern Territories of the
Gold Coast. Irachis in the Southern portion of the Krachi district, Nanumbas
in the Northern portion, and Dagombas in the Yendi district, ave three of the
principal types. Yendi itself is the town of the paramount Dagomba chief. The
Konkombas along the Oti Valley in the Yendi district are a very different race,
wearing only the scantiest of clothing and always going about armed with bows,
poisoned arrows and shorb curved knives. Yams figure to a fair extent in the food
of the natives, but Guinea corn, millet, and several kinds of beans are also grown.

Rafia and other types of basket work are an industry in various places, but
the main road to Krachi, with its endless line of cattle, sheep and heavily laden
donkeys (not to mention the owners on exceedingly scraggy and disreputable-
Iooking horses) carrying the produce of the French country further North, is
the principal indication of acfivity. Amongst other things a large amount of
shea butter is brought South.

Travelling Bastwards across the Oti plains from Danbai, which is about
twenty-eight miles North-east of Krachi, we come at Tutukpene (Dutukpene)
to a hill range rising suddenly out of the flat ground to a height of over 1,000 feet.
This Tutukpene Range is six to seven miles broad, and runs North and South.
It is for the most part thickly wooded. It ends abruptly about nine miles North of
Tutukpene, whilst to the South it joins the group of hills round Adum-adum,
about twenty miles distant from Tutukpene. East of this range a stretch of low
ground about seven miles hroad extends to the foot of the plateau country which
is a continuation Northwards of the Togo Mountain range. This low ground is

partly covered with forest, partly with park- and grass-land. At its Northern -

end 1t is drained by the Chai (Tschai) River with its tributaries; at the Southern
-end by the tributaries of the Asuokoko.

] The Adele plateau country to the Bast, in the centre of which is Bismarckburg,
is reached by a narrow and steep pass leading up from Dadiasi in the plains below
to Pelen (Dikpeleu). The principal rivers in this region are the Yege and the
Kalabo, both fHowing South. They join about ten miles South of Bismarckburg
and form the Asuokoko, which finally cuts through the hills Westwards and
flows into the Volta at Akroso. The country is well wooded in the valleys, but
most of the hills are covered with grass.

~_The Adele district is naturally more directly connected with Atakpame than
with Krachi, ;_md rubber, which is collected by the natives from the numerous
rabber-producing trees in the forest-covered areas, is mainly taken to Atakpame
for sale. The ‘Adele natives have at times proved very truculent. The health
of the people of this district does not seem to compare favourably with that of
most parts of the country; cancer and leprosy seem common as far as could be
judged during a brief visit.

. The scenery on the Adele plateau is not striking, but a little further North at
Shiare, where the country is not so much buried in forest, it is more rugged in
appearance and the deep narrow valleys show to advantage. Yams are cultivated
and also Guinea corn. A good deal of tobacco is also grown.
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DETAILED DESCRIPTIONS OIF TRAVERSES.

We next proceed to detailed descriptions of the various traverses made in
the different parts of the country. For convenience they ave grouped under
several areas, as under :—

The Nlkunya and Kpandu Voleanic Area.

1. The Country Kast of the Togo Range.
2. The Togo Range South of Misahdhe,
3. The Dayi Plateau.

4. The Adele and Tutukpene Highlands.
5. The Dayi Valley.

6.

7

. The Oti Basin. _

Tt should be noted that there was no opportunity to go deeply into the matter
of the spelling of place names, and consequently it has been considered advisable
to adhere as close{)y as possible to the spelling on the German maps—eliminating
to some extent the Teutonic tinge. Where there is much discrepancy the
pronunciation obtained from the natives is given with the German map name
following it in brackets. Lxperience with the German maps has brought the
conviction that their orthography and accentuation is, m the main, gelf~
consistent. The modified ““ f,” as in the word usually spelt “ Twve ” in Bnglish,
is indicated by “ vh * on the German maps. It seems important enough to merit
the use of a definite symbol, and throughout this Report is indicated by the
Sio.n “‘/:”

© Heights in the Togo Mountain and Adele Highlands areas are based respec-
tively upon assumed altitudes above sea-level of 1,640 feet for Misahohe Political
Station bungalow, and 2,120 feet for Bismarckburg Political Station. These
are the heights given on the German maps.

1. Tue Country Hasr or raE Toco Ranes.

The main road from Pode (Pora) to Sodo, running N.N.E. along the Bastern
side of the Togo Range, marks out roughly the boundary hetween the Togo Series
and the Crystalline Metamorphic Series which occupies the flat country to the
Fast. Going along this road we pass alternately across the sandstones, phyllites,
and quartzites of the former series and the gneisses and mica-schists of the more
highly altered Bastern rocks. Complications due to intrusions of igneous rocks
along the contact appear here and there, and as these intrusions are sometimes
themselves foliated the task of placing any given crystalline rock is nob easy.
Though there aré many local variations in the level of the foot of the Togo Scarp
the ground does not vary very much from the general mean all the way from Pode
to Sodo. Usually, the view presented on the road is that of grass- or forest-covered
hills to the West and low undulating forest country, with a few isolated hills,
to the Bast. Now and again, as at Deti, Nyive (Njiwe) and Kpatave, the route
passes behind some of the foot hills of the Togo Range. These foot hills are usually
composed of quartzites of the Togo Series, but sometimes of intrusive igneous
rocks, as in the case of feto, Noxth of Alkata.

The Southern portion of the country, from Pode to Palime, is drained by the
tributaries of the Kalagba and Todshi Rivers. Northwards, from a few miles
beyond Palime to Sodo, the country lies in the basins of the Shio and Haho Rivers.
The tract from Sodo Northwards to Atakpame is drained by the Amu and the
Amuchu, tributaries of the Monu River. '

Commencing at the Southern end, we find in the bed of the Dsawte River
at Pode exposures of mica-schist, dipping at about 30 degrees to the Fast, showing
that we are here on the crystalline metamorphic series, There is practically no
exposure between this and the Dewu Hills, beside Klge. The only rock seen
in sitwin the intervening area isa quartz lens at Komlakof, 3 to 4 feet thiclk,
striking N.B.—S.W. Numerous fragments are to be found along the route
however. Some of these are of quartzite and some of gneiss®); others, gathered
at different points along the road between Kwasiko/e and Komlako/e, are of
pyroxenite.” Only two stream beds had water in them in fhis area when it

8 Turther details about the rocks numbered thus are given in Appendix T,
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was traversed. One, at Mumiko®, gave no gold on panning, but a good deal of
carnet. The other, just South of the Dewu Hills, gave only scanty black sand.
Thence to Sokode, the road is over rocks of the Togo Series. The principal rock is
quartzite, with subordinate phyllite. Both of these are seen standing vertically with
strike N.N.BE.—S.8.W. in o stream just South of Agove. On panning, this stream
gave scanty black sand, moderate zircons, ete., but no gold. The E/le River, about
Three miles further North, gave almost no concentrate. At Sokode, and half a
mile further North, a mica-schist (with pink felspar eyes) dipping at 35 degrees to
the South-east is exposed. Associated with it, but not found 7 siu, is a compach
igneous rock of granitic structure, medium-grained, consisting of plagioclase
(labradorite) with hypersthene, augite, biotite and quartz. ~—Aboub half the
slide is plagioclase, with pyroxene, biotite and quartz making up the other
half in approximately equal quantities, the pyroxene slightly predommating.
Tt may be a quartz mica norite®. From here to Ho the road is on the crystalline
metamorphics. In the Mbeji River schists striking N.E—S.W. are seen, and just
beyond this are boulders of a quartz-free mica gneiss®. This rock was not seen i
sitw here, but was got later at Matse, on the other side of the Ho Range. Itis
grey in colour, and medium fo coarse in grain. At Bankde a mica gneiss is exposed,
also striking NE.—S.W. The pink felspars are not so plentiful here as at many
other places in the gneisses and schists. Pannings between Sokode and Ho gave
only scanty black sands and zircons. On the hill at Ho Station, about 300 fect
above the gneiss exposure at Bankde, are altered, sheared sandstones of the Togo
Series, showing minor folding. Shear planes strike N.Ji.—S.W. as in the gneiss.
The contact is not seen.

Between Ho and Avonhui nothing is seen but sandstone and quartzite frag-
ments on the road. At Ajati a fragment of a quartz-free mica gneiss was obtained,
similar to that got between the Mbeji River and Bankde. About two miles further
on sheared micaceous sandstone is exposed striking N.E.—S.W., dip not seen.
A little further on a reddish micaceous sandstone is seen dipping at 40 degrees to
the BEast. Here we are on the Togo Series, but near the base, as fragments of mica
gneiss®™, and of a dark green schist®™ consisting almost entirely of hornblende in
elongated crystals, are found. Shortly after this garnetiferous rocks hegin to
appear, and a fragment of eclogite was picked up. About two miles South of
Tolewe a stream which was panned had many garnets of {th to Jths of an inch in
diameter in its gravel. No gold, but a moderate amount of black sand was found in
it. A querter of a mile further on mica-schist with foliation planes striking N.I. -
S.W. is exposed, and the Eklemu River, in which it is seen, gave abundant black
sand. on panning, but no gold.

North of Tokwe more eclogite” fragments are to be seen on the road, and the
rock itself is found in sitw a little to the West, on the Tokwe-Ave (Awe) road. This
road was afterwards followed from Ave to Tokwe. At Ave itself flaggy quartaites
are exposed with no definite dip showing. Nothing more is to be seen until about
three miles North of Tolrwe, where schistose rocks are exposed dipping at a very
variable angle to the South-cast. They continue to appear at mtervals for a
cistance of about a mile and a half. The chief component of this schist is a green
amphibole accompanied by abundant garnet. Quartz is also present, sometimes
in large amount. Txamination shows 1t to be an eclogite®. ~ Between this and
Tokwe flaggy quartzites are exposed, dipping generally to the South-east. Nothing
of note was observed in the concentrates from the streams in this area.

. Going North from Tokwe along the Palime road a gneiss appears about one
mile South of Nyive with foliation planes striking in theg;reva,ﬂil:lpg direction, and
dipping Bastwards at 40 degrees. The Todshi River at Nyive gave moderate
black sand, garnets and zircons, but no gold, on panning. Going Westwards from.
Nyive to Ave the Todshi River is crossed immediately West of Nyive. In the
stream bed about 50 feet of micaceous quartzites are exposed, dipping S.E. at
60 degrees. A mile further on dark green eclogite® is ~exposed, and o little
~ beyond t]raas 2 biotite gneiss is seen 4n situ. It has large porphyritic crystals of

felspar. Two miles on there are extensive hummocky exposures of fine-grained
grey schist’® with foliation planes dipping South-east at between 20 and

N, 4, Ke,
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30 degrees. Quartz, felspar and Dbiotite seem to be the chief -constituents, with
some garnet. Nothing more is to be seen between this and Ave.

Half a mile North of Nyive on the Palime road micaceous sandstone again
appears, dipping at 75 degrees to the Bast. Further ona hornblende-schist occurs,
and schistose rocks seem to underlic the country thence to Yevie/fe (Jewievhe).
The hornblende-schist! consists of predominant green hornblende with
subordinate felspar, biotite and interstitial quartz, North of Kpatave micaceous
sendstones again appear. Several pannings between Nyive and Kpatave gave
similar results—scanty black sand, moderate zircons, but no gold. ,

Some 500 yards West of Kpatave on the Amedzof® road appears an epidote
schist" with foliation-planes dipping to the Bast ab moderate angles. Travelling
West from this point we pass through the gap at the northemn end of the Ho range.
To within about 3 miles of Toji (Todje) (at the foot of the Avatime Hills)
quartzites and phyllites of the usual Togo type are exposed, Then members of
the crystalline series appear, medium-grained biotite gneisses?®, grey in colour,

Retwming to Kpatave and travelling Northwards towards Palime, the hills
immediately to the North of Kpatave are found to he composed of Togo sandstones,
somewhat imicaceous. In the lower ground beyond, biotite gneiss™ is exposed,
e.q., in the channels of the Bla and Aha Rivers, strike of foliation N.IE.—S.W.
The Bla, on panning, gave modetate black sand, but no gold. The Aha gave

~one or two specks of gold, with moderate black sand and zircons.

West of Palime on the Haingba road the Aha River shows exposures of biotite
oneiss"™®, whilst above, on the face of the Togo Scarp, there are Togo phyllites
and quartzites. This will be discussed later (p. 16). ‘

In the flat country between Palime and Agu the principal rock is a gneiss
similar to those mentioned. It is seen between Palime and Dalave on the road.

Agu Mountain is mainly built up of a garnetiferous gneiss®®, sometimes rich
in hornblende, sometimes in hypersthene. Itwas called a gabbro by Dr. Koert, the
German geologist, but this commits one to a definite view of its origin and seems
hardly justified without further investigation. The strike of the foliation-planes is
usually’ about N.N.E—8.8.W. More will be said about the capping of bauxite
on Agu when the question of lateritisation in Togoland is approached.

Between Dalave and Abessia (on the Palime-Lome Railway route) a phyllite
is exposed in the Adeje River. Its relationship to the gneiss is not clear.  Betiyeen
Abessia and Palime the gneiss appears in several places, in one case much veined
with quartz, This occurrence is a biotite gneiss"” with mueh titanite scattered
through it as well formed envelope-shaped crystals. The same rock! is seen on
the Palime-Sodo road, between Palime and Poji (Podji). 'There it has large pink
porphyxitic felspars. A finer grained and more acid Eortion at the same place
has a laxger development of sphene in large envelope-shaped crystals up to £ inch
in length. A stream on this road, just outside Palime, gave, on panning, abundant
epidotes and zircons, with magnetite and rutile.

The Togo quartzites and phyllites appear again immediately the xoad touches
the foot of the scarp, North of Poji. At Tomeghe (Tongbe) for a short distance
phyllites are seen dipping North at from 10 to 15 degrees. Nothing more
is seen #ill North of Seva. Several streams between Poji and Seva, on panning,
gave moderate black sand and zrcons, but no gold. At the Aka Falls, North-
west of Seva, a thickness of nearly 700 feet of Togo sandstone is exposed. The
dip at one point is N.N.E. at 20 degrees, ) :

In the low ground between Seva and Lavie the gneiss appears once more. Af
Lavie quartzites and indurated sandstones are seen, probably in part the same as
those at the Aka Falls. Two miles further on, at Akata, soft purple phyllites dip
gently South-eastwards.

A mile and a half North of Akata is a basic intrusion. It seems to be intruded
into the Togo Series. It forms a conspicuous rounded hill called /eto below the
Togo Scarp. The summit of this hill is about 550 feet above the level of the
country to the Bast. The intrusion is composed entirely of pyroxenite® (as far
as was observed). In section the rock shows nothing but pyroxene, roughly half
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diallage and half hypersthene, generally fairly fresh. Along certain lines serpen-
tinisation has taken place to a small extent. The shape of the intrusion in cross
section appeared to be roughly oval, as far as could be seen, with long axis North
and South. The area covered is probably between } and } square mile. On
the road East of this, is an outerop of a Togo quartzite, dipping North at 30
degrees. It contains veins and patches of ilmenite®”, probably genetically con-
nected with the intrusion. The quartzite is much sheared and sericitic.

Several of the streams between Akata and Gudave (Gudewe) gave minute
specks of gold on panning, with moderate black sand and zircons.

At Gudave the gneiss® appears again, at an altitude about 200 feet below
the exposures of quartzite and sandstone at /eto. To the Noxth of Ghudave almost
nothing was seen tn stfu. The whole country is covered with sandstone blocks
and sand derived from the rocks of the Dayi Plateau to the West. At Agote a
few fragments of a dioritic roclk suggest the neighbourhood of a dyke or other
intrusion, whilst North of Agbango phyllites and bluish quartzites of the Togo Series
are exposed, with a dip of about 65 degrees to the West. Beyond this to Sodo
white sand covers most of the surface. The streams between Gudave and Sodo
gave almost nothing of high specific gravity on panning,

Beyond Sodo on the Atakpame road no regular observations were made, but
the same types of rock were seen to oceur as to the South of Sodo. Between Sodo
and Amlame fragments of tremolite gneiss®, quartzite, and amphibolite®” were
obtained. Between Amlame and Atakpame chiefly mica and hornblende
gneisses® were seen 1 sifu, whilst just about a quarter of a mile from Atakpame
market place there is an exposure of zoisite schist®, a spotted rock consisting
of elongated crystals of zoisite and green hornblende swrrounding eyes of
felspar (an intermediate plagioclase).

Atakpame itself is on quartzites and phyllites of the Togo Series. On the
road Southwards from Atakpame to (lei sandstones and quartzites are exposed
unti] we reach Avete. Near Agbonu there is at one place a good deal of kyanite
along the shear-planes in the quartzite. South of the Amuchu River mica
gneiss®™ is exposed similar to that seen along the base of the Togo Scarp. It is
at places garnetiferous. :

Similar gneiss®” is seen along the bush path leading from Glei to Gudave, which
was followed as far as the Chra River (Achla River). Here there are several beds
of white marble exposed, a more detailed description of which is given in a later
section (p. 42). The strike of these beds, and also the strike of the foliation planes
in the gneisses mentioned above isapproximately N.N.E,—S.8.W. Similar gneisses
are exposed in the valley of the Amu River between Glei and Amukpa. (It may be
mentioned that in reality the word “ Amu” means “river ” or “water ” in ab
least one of the B/e dialects.) South of Amukpa, on the South side of the Amu
a line of conical topped hills runs North and South, and the northernmost of these
15 composed. of serpentine, with chromite. This is apparently an intrusion in the

gneisses of the crystalline metamorphic series and is desecribed in greater detail
further on (p. 43).

2. Tre Toao Rawer Sours or MISAHSHE.

Talking the route from Palime to Liati, via the Frangois Pass, we find that there
are no exposures of the crystalline metamorphics on the road between Palime and
Yo. This area is, however, probably occupied by them, as they are tobe seen in the
bed of the Aha at Palime and on the Palime-Poji road as mentioned above. They
are also seen on the slopes of the hills West of Haingba-Afegame. Immediately
beyond Yo phyllites dipping to the North-East at moderate angles are exposed
1n a stream, and similar rocks, together with flaggy quartzites are shown at intervals
right up to the summit of the pass, They atein every case folded and sometimes
very finely puckered, but the general direction of dip is towards the N.I. Such
also is the case with outcrops of light quartzite Wllicfl) are seen on the sides of the
hills to the North. The phyllites are frequently purplish or reddish in colour.
Just Bast of Misahhe Station, and at some other points they are graphitic, The
Hausberg, overlooking Misahthe from the North and about 2,400 feet high shows
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flagey quartzites on its summit, dipping North-east at about 20 degrees. The
summit of the pass is about 1,900 feet above sea-level.

Between this and Tomeghe (Tonghe) there are frequent exposures of rocks
similar to those of the Misahthe side, the dip being generally to the North-east
at a varying angle. Tomegbe itself is situated in the valley between the two main
branches of the range, and the exposures of quartzite on the road immediately
to the West of the town are very ferruginous. There is also much limonitic breccia
about. The same kind of material is seen at Kpoeta-Ashanti in the same valley
about five miles furtherSouth, and again at Kpedse,some six miles further on,at the
head of the Todshi gap. These three localities are in a stra,ig;ht _Iine and almost
certainly indicate a fault line running NN.E.~S.S8W. This is probably the
structural element which has produced the Tomeghe-Kpedse valley.

Nothing more of importance is to be seen on the road between Tomegbe and
Tiati. ‘The exposures along the road are mainly of quartzite, dipping Hastwards
and folded. Three streams panned on this section of the road yielded nothing
but a trace of gold, with scanty black sand and zircons. Bogli hill, about one and
a half miles Kast of Liati, is a prominent ridge running North and South and
about 2,000 feet above sea-level In maximum height. It presents a precipitous
scarp of bleached quartzite on the western side and a steep slope on the eastern.
The dip could not be found with certainty, but is almost undoubtedly to the Hast
at a high angle. West of this nothing is exposed of the Togo Series. At Liati
and beyond fragments of jaspery quartzite, like that seen in the Buem rocks of
the Akpafu and Nkunya districts, are found, along with quartzites more lilke those
of the Buem district than of the Togo Range.

On the road from Liati to Adshakoe—along the western side of the range—
there is only one exposure of rock, namely, near Fiape, where quartzite, much
veined with silica, is exposed. It was not possible to say whether this belongs to
the Togo Series or not—assuming for the present that the Togo and the Buem
Series really are distinet. Three streams panned on this route yielded nothing
but scanty zircons.

Trom Adshakde the range was crossed in a West to Iast direction, to Kpoeta
and Haingba. From Adshakée to Tota, a distance of about three miles, there is
a climb up of about 1,000 feet. The exposures on the hill slopes are chiefly
weathered phyllite, brxown in colour and a good deal folded. There seers to be
a general Bastward or South-eastward direction of dip. The phyllite is in some
places seen to be chloritic, but is usually much decomposed. In-it are numerous
quartz lenses. Flaggy quartzites are also exposed. At Tota itself the strata
exposed are flaggy quartzites, undulating irregularly but fairly flat. There are
numerous small faults and folds, but they show no definite system. Between
"Tota and Kpoeta there are few exposures. Here and there flagey quartzites are
to be seen, in one case definitely dipping South-east at moderate angles. The road
reaches at one point a height of 2,800 feet above sea-level. Two streams on the
road yielded nothing bub scanty black sand and zircons. About half a mile West
of Kpoeta the limonitic breceia™ mentioned above as in line with the Tomeghe
and Kpedse occurrences is seen. In several places around Kpoeta-Ashanti
crystalline boulders are to be found, bub none was traced to its source. Some are
similar to those of the mica gneisses® of the low ground to the BEast. Another
boulder was much finer grained and grey in colour. It is possible that, because of
the faunlting and subsequent erosion, the bottom of this wvalley is down upon
rocks of the crystalline metamorphic series at some points. The bouldexs in
question may quite as well, however, have been brought some distance by the
natives.

From IKpoeta-Ashanti roads go respectively North-east to Misahohe via the
Moltkespitz and Tast to Palime via Haingba. The Moltkespitz road, about three
and. a half miles long, lies on the West side of the Bastern ridge of the Togo Range.
Quartzites and phyllites (at some places graphitic, at others hematitic) are the only
rocks exposed. The dip appears to be to the Rast at a high angle. The Hchatoe
River, half a mile North of Kpoeta, yielded no gold, but moderate black sands and
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zircons. Some tourmaline, rutile and kyanite also appeared. The zixcons are dark
grey in colour. Two streams further North gave nothing on panning.

The Kpoeta to Palime road crosses the Hastern ridge of the range. The West
slopes of this ridge show soft phyllites with flagey quartzites higher up, but nothing
was seen 4 sifw.  On the astern side, facing Palime there is & prominent scarp.
The top portion of this is of white quartzite (an altered sandstone) dipping towards
the North-east at moderate angles. Below this appears what is possibly the same
rock, much sheared and foliated, a light grey granulitic quartzite with o good. deal
of very fine sericite. Softer bands alternating with it may be altered argillaceous
material. There is a thickness of 200 feet, or rather more, of this. Downwards
it passes, apparently gradually, into a biotite gneiss®, very siliceous and probably
of sedimentary derivation. About a mile further on, in the bed of the Medeko
River flagey sericitic quartzites are seen dipping Bastwards at about 40 degrees.
The only other outerops are at about half a mile from Palime, where, as mentioned
above, gneiss Is visible in the Aha River.

The general impression given by the above is that the mica gneiss of the lower
portion of the scarp belongs to the Togo Series and is distinct from the gneisses
of the metamorphic series to the Wast. A gradual increase in the intensity of
the metamorphism is observed on going from the quartzites above through the
phyliites and more intensely altered quartzites below to the entirely recrystal-
lised material. The alteration takes place within a distance of about 500 feet
at the most, and the assumption of underlying intrusive rocks provides as reasonable
an explanation as any. The appearance of quartzites in the Medeko River at a
lower level seems more likely due to faulting than to any other cause.

At Toji, on the Kpatave-Amedzo® road, much limonitic breccia® is to be
seen, this Jocality being in line with Tomeghe and Kpoeta. Immediately to the
West of Toji the road to Amedzo/e begins to ascend the hills and flagey quartzites
are to be seen i situ.  About half a mile further on, and at a higher level, gneiss
appears in a series of exposures. The topmost of these exposures Is about 100 feet
vertically below the last exposures of the quartzites which form the hills above it.
The gneiss® is a homblende one, light in colour and may be of sedimentary
derivation. The quartzites below may be due to an irregular surface of the gneiss.
No phenomena which might be definitely attributed to contact-metamorphism
were observed. This is noteworthy in comparison with the Kpoeta-Palime
exposures referred to above.

. On the hills above Toji the prevailing dip is Bastwards, the principal rocks
being white quarbzites with subordinate phyllites, sometimes graphitic, but more
usually reddish or grey in colour. The same rock types are to be seen on the
Amedzofe-Alome road, whilst between Akome and Toji many fragments of
gneiss are visible, but there are no exposures.

West of Amedzofe there is slight overfolding of the strata, the peaks being
formed by the hard quartzite anticline-crests or by portions of them (Fig. 1).
The ridges run North and South, and are bounded on the West by precipitous
quartzite scarps. At Biakpa also, in the valley to the South-west of Amedzos,
the dip of the quartsites is towards the Fast, In the low ground to the
West, between Adshakoe and Agame there was no exposure of any kind seen. The
hills along the West side of the Togo Range all rise abruptly out of the Dayi Valley.
None of the streams in this ares yielded anything on panning but scanty zircons,

Another traverse was made Southwards, from Amedzofe to fane and Safie/e
and then over the Kpeve Range Westwards to Sroe and Etoi, Immediately on
descending from /ane into the low country to the South we again encounter gneiss
and igneous fragments. One of these is a gabbro®, medium-grained, composed
chiefly of augite and plagioclase. Nothing was seen in situ, however, in the low
ground between /ane and Safiefe, except m the bed of the Onimi River, where
there is a grey, fine-grained igneous rock, with felspar laths visible. This has not
been examined further, but may come from a dyke in the metamorphic series.
The streams here gave no gold, but only scanty black sand and zircons, except
in the case of the Beinve River, which gave plentiful magnetite, a fair amount of

zircon (some of it pink), and staurolite, Turning Westwards at Safie/e the road
1),
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to Litoi runs over the hills via Sroe. Nothing but bleached quartzite is to be seen
on the East side of the range, which consists of a single ridge a little over 2,000 feet
high, flanked by rather lower hills on either side. No definite dip could be
distinguished. On the descent Westwards to Btoi phyllites are exposed at several
places, dipping Hast or South-east at moderate angles. On the low ground just
West of Sroe a dark grey phyllite is to be seen dipping South-east at about 75
degrees. Whether this belongs to the Togo Series or not is doubtful.

The next traverse crossed both the Ho and Kpeve Ranges. The Ho Range
was crossed at Taingbe and Matse. Thence the road Westwards aczross the Dsawde
Valley was followed and the Western Range crossed just North of Kpeve.

The road from Tolrwe to Matse across the Ho Range passes fixst of all up the
Tastern quartzite scarp of the range, which rises to a height of about 600 feet
above the Ho-Palime road. The whole of the Rastern ridge at this point
is composed of ribbed sericitic quartzite. This appears to be neaxrly vertical,
striking N.I.—8.W. and probably has a dip, if any, to the South-east. The
descent to Taingbe is over similar material. “In the Taingbe Valley the streams
yielded no gold but plentiful black sand and zrcons, with some Icyanite,
tourmaline and garnet. This suggests the proximity of the crystalline series,
and possibly that it is exposed in some portion of the valley. The middle ridge
of the range, between Taingbe and Matse, is also of quartzite, similar in character

b0 the last mentioned. On the Western slope, above Matse, the dip is to the

West at about 50 degrees. On this same side of the ridge, however, about 200 feet
below the highest pomton the road isafairly coarse-grained gneiss, the foliation planes
appearing to dip to the West at & moderate angle. It is a muscovite and biotite
gneiss@®), poor in quartz. Muchofthefelsparis full ofinclusions of rutile. It might
be the result of the intrusion of an acid magma into an argillaceous rock. Whether
it is to be looked upon here as intrusive in the Togo Series, or as belonging to the
crystalline metamorphic series is doubtful. Folding of these two series fogether
is quite enough to have hrought a part of the latter into the position of this exposure.

The sfreams in the Matse Valley yielded no gold, but plentiful black sand,
zircons and garnets, with tourmaline and kyanite. :

The ridge immediately to the West of Matse is of white quartzite, with dip ab
moderate angles to the Jast or South-east. Just at this point there is 8 break
in the ridge through which the Bia River flows Westwards to join the Dsawde.
This break is on a line of fracture, as much fault-brecia is to be seen along the
stream-channel. The fault runs Bast and West.

Leaving the Ho Range the Dsawoe Valley was crossed Westwards towards
the Kpeve Hills, All the low country shows orystalline metamorphics, usually
coarsely crystalline gneiss® composed of quartz, felspar, hornblende and biotite.
Such is the type exposed in the Gule, Labo and Agotoe Rivers, and on the ground
between them. Frequently the quartz content is very low. Some of it may be
derived from a mica-diorite. In the Labo channel there is & daxl, fine-gramed hand
in the gneiss, about 4 feet wide and running Bast and West. It seems to be g,
lamprophyre dyke®™ traversing the gneiss. Panning in the streams gave plentiful
black sand and zircons, but nothing of value. Laterite is patchy and not
abundant. It was noticed only on the Western side of the valley.,

At Tshome hills are reached again, composed as usual of quartzite, saccharoidal
in appearance at one or two localities. Such quartaites appear again on the Kpeve
Range about two miles further West. The intervening ground round Bogame
shows outerops of gneiss here and there, similar to that in the streams further
Bast. The same rock® appears at Syama, and at Todome, a little further South,
where the strike of the foliation-planesis approsimately North and South, and the dip
high to the West. A basic block at Anfoi appears in section to be an saltered
gabbro®. The Rastern side of the Ipeve Range shows a prominent scaxp.
Half a mile South of Todome the road crosses the hills %o Kpeve. Quartzites
and grey schists of the usual Togo type appear all the way up the Eastern side,
at one.place dipping Fast at about 30 degrees. On the Western side similag
exposures are t0 be seen. The hase of the hills on the Kpeve side, as elsewhere
to the North, yielded no clue to the structure of the region.

Bih (0 &9 Further details about the rocks numbered thus are given in Appendix I,
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3. THE Davi PraTeav.

Climbing up to the plateau from Siko (about four miles South-west of Gudave),
the chief rocks seen are white indurated and veined sandstones, and graphitic
phyllites. They are folded and sheared, particularly the phyllites, but no major
structural element was made out. The strike seems to be generally N.E—S.W, as
in the quartzites of the low country. On reaching the plateau the road leading

North was taken. The Tonyo River, a tributary of the Dayi, crosses the road

aboutthree milesfurtheron. Itis aboutls feet wide,and has grey phyllites, dipping
at 85 degrees to the North-west exposed in the banlks. Similar phyliites appear ab
intervals for the next two miles to the town of Basagbe. The Tonyo gave no
gold on panning, and very scanty black sand.

About two miles West of Basagbe is the Dayi River, here flowing South. A
mile or two further on it turns Northwards and maintains that direction for about
four and a half miles, after which it descends Westwards into the Buem plains.
Between Basagbe and the Dayi River quartzites and sandstones of the Togo
Series are seen in several places, dipping a little to the South of Bast st 30 to
50 degrees. In the Dayi itself, which gave no gold and almost nothing else of high
specific gravity, Togo quartzite and phyllites are exposed and are seen to be foldad
gently in a series of synclines and anticlines, with axes running NE—~SW. In
one case & definite pitch to the South-west at a low angle is visible. The phyllites
are usually finely puckered, and in one place are graphitic. The quartzites are
usually very compact, and smooth on the weathered surface (see Fig, 2).
__About five miles Rast of Basaghbe is the Eastern edge of the plateau, and
Gudave lies about two miles farther East. Leaving Basagbe by the Gudave road
brown weathered phyllites arve seen just outside the town. A little farther on
altered micaceous sandstones are exposed, whilst frequent outerops of broken
quartz marl the positions of quartz lenses and reefs. The Tonyo River, flowing
South, is crossed about two miles from the town. It gave a trace of gold and alittle
black sand on panning.

Micaceous sandstones are seen again on the edge of the plateau, dipping West
at 30 degrees. Lower down the sandstones are less micaceous, and the weathered
surface has a ribbed appearance due to variations in hardness of the rock, the
ribs rumning in the direction of its strike. The low ground between the foot; of the
scarp and (%udave is covered with white sand. The return journey to Basagbe
was made from Govie, South of Gudave. Here also the chief rock on the scarp
face is a micaceous sandstone, dipping Westwards at about 40 degrees. Several
much contorted beds of pyritic-phyllite (practically mica-schist) are exposed about
a half to three-quarters of the way up. On reaching the platean sandstones and
phyllites are seen dipping West at a low angle, and nothing more outcrops hetween
this and Basaghe. '

The towns of Atilololome and feto lie respectively nine miles North and
seven miles North-east of Basagbe. On the Basagbe:/eto road nothing of interest
1s seen, Here and there micaceous sandstones are exposed, dipping North-
West at from 15 to 20 degrees. Two rivers panned here yielded nothing
but very scanty black sand. Just Noxth of J/eto sandstones are to be seen dipping
ﬂg,tly to the Bast, but further on towards Atilololome micaceous sandstones appear,
dipping gently West. The Dayi at Atilololome is 8 to 10 feet wide and gave
no gold or black sand on panning,

About five miles North of Atilololome is Atilakuse Hill, just South of the
Anglo-French boundary. The road thither passes over sandstones and quartzites
the whole ‘way, and the hill itself is made up of the same rocks. As in the Dayi
West of Basaghe, there is a series of gentle symmetrical folds, the axes pitching
N.N.E. at about 10 degrees. The Fastern summit of Atilakuse i formed by the
crest of an anticline (Fig. 3). The next anticline to the West is denuded on its
Western limb, and the Kastern limb forms the Westorn summit of the hill. Tive
streams panned on this route pave very little black sand, only a few zircons and
rutiles, and no gold. ‘

On returning to Basagbe from Atilololome the direct road South was taken.
Very little of Importance was seen. Much of the country is covered with grass.
Micaceous and phyllitic sandstones appear at various points along the route,
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dipping South-east at from 10 to 60 degrees. Much of the sandstone is
liberally veined with quartz. A stresm just North of Dsogbega gave plentiful
black sand, but no gold. _

From Basagbe the traverse was continued to Dsogbe, just North of the steep-
sided Ta /la Valley, which cuts the plateau into two parts. At Basape there is an
outerop of soft sandstones, dipping to the South-east. Two miles further on at
Ndigbe micaceous sandstones dip North-west at 25 degrees, whilst reddish phyllites
near by dip at 55 degrees in the same direction. A short distance South-east
of Dsogbe more red phyllites are exposed, dipping Tast at 50 degrees.

From Dsoghbe the road to Kakpa-Toji on the Southern portion of the platean
was taken. About a mile South of Apedome red micaceots sandstones make their
appearance, dipping North-west at 50 degrees. Similar but white sandstones
dip in the same direction on the Northern side of the Ta/7a Valley: The view from
the opposite side of the valley shows that these belong to a limb of an anticline,
for the beds further Bast are seen to flatten out. Over 200 feet of strata are
exposed. The Southern side of the valley is composed of phyllites, apparently
dipping South at about 35 to 40 degrees. As, according to the evidence of the
Northern. side, sandstone should be in the position occupied by these phyllites
it is probable that the valley is along a fault Iine. . .

From Kakpa-Toji & path leading South-cast was taken. TUntil reaching
the scarp the only exposures to be seen are of soft micaceous sandstone, first
dipping at 35 to 45 degrees Bastwards, then at 55 degrees Westwards, then
ab 35 degrees fo the South-east. Near the edge of the scarp graphitic phyllites
are exposed, dipping B.N.E. at 30 degrees. Below this, on the road down, is massive
quartzite showing no orientation, About one mile South of the graphitic phyllite
exposure, on the summit of the hill above Daghali, are quartzites dipping East at
30 degrees. On the low ground between the foot of the scarp and the Palime-Sodo
road no exposure is to be seen, the ground hbeing covered with sandstone and
phyllite fragments. Just North of this is the /eto intrusion. ]

The whole plateau seems to be built up of a series of neaxly symmetrical
folds with axes running N.N.E—8.8.W., and with no appreciable pitch. The
folds are usually quite gentle, and in the central portion of the plateau the distance
between adjacent; crests is usually about 50 to 200 yards. Along the Kastern side
the distance between crests seems to he much greater—up to one or two miles,
the folds being flatter in proportion. The Western scarp was not touched at
any point. ,

. Quartz lenses and reefs are seen in the sandstones at many places. These
usually lie along the strike, <.c., about N.BE.—S.W. The sandstones in almost
every cilse appear to be free from much admixture of felspathic or argillaceous
material.

4, TeEE ADELE AND TuruxrENE HIGHLANDS.

This region, as pointed out above, falls naturally into two parts. Information
regarding the Adele Plateau was got from a series of short traverses in different
directions, from Bismarckburg as centre. The Tutukpene Hills were crossed
from Pussepu to Tutulpene, and traverses were made North along the foot of the
scarp from Tutukpene to Odumasi, thence Kast to Dadiasi, then South to Chai
(Tsc}fmi) and Pussepu.

In the plateau country round Bismarckburg the quartzites, sandstones and
schists of which it is built aze invariably found dipping Eastwards. The quartzites
forﬂm ridges of hills running North and South, the schists lying in the intervening
valleys.

Ascending the valley of the Dijebu from Dadiasi we cross a series of white
quartzites and purple or red phyllites all dipping Bast at 40 to 60 degrees.
Between Dadiasi and Pelen (Dilpeleu) the road mses about 1,500 feet. The
ridge forming the Western boundary of the plateau is principally composed of
quartzite, apparently an altered sandstone. All along the valley of the Yege
River, from North of Bismarckburg to Diginge, the chief rock is a green schigt®™
(with numerous quartz lenses) weathering to a soft brown frisble earth. In the
flatter axeas there is a large development of Iaterite.

®F Jurther details about tho vocks numbered thus are given in Appendix I.
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The road from Bismarckburg to Diginge passes over such schists for mos of the
way, bub quartzite appears on approaching the hills lying to the West. The Yege
River yielded only a slight trace of gold on panning. The Gedentu River gave
falr pannings. The Asinginibo River yielded neither gold nor black sands and
almost no zircons. The schists South of this are nearly vertical, and a flaggy
quartzite is interbedded with them. Other two streams nearer Diginge gave
noconcentrateson panning, At Diginge are schists with bluish flaggy quartzite below
them. The return road, via Janja, shows vertical querbzites on the hills to the
West and a talc-schist North-west of Djobo, also vertical, striking North and South.
The Digbominibo River gave no gold and scanty black sand and zircons.

South of Bismarckburg, to the East of the Yege River, nothing of different
character was seen. The Ataja, Brokote, Leosuto and Adshishabi Rivers yielded
no gold, and moderate black sand and zircons.

To the East a succession of much weathered schists and phyllites is seen on the
road to Tolo. The Kungu River gave no gold or black sand. The Kalabo and
Tolo Rivers had very abundant black sand but only traces of gold. Tale-schist
appears in one place between Tolo and Nkongkoa, dipping Rast at a high angle.
The Apopotu River gave moderate black sand, very few zircons, and no gold,
All the flat land between the streams is covered with laterite.

The road to Chirina (Kjirina), North of Bismarckburg passes via Kejenke,
Gedemi and Kue. From Bismarckburg to Gedemi chiefly laterite™ is to be seen.
A few schist outerops appear. The hills between Gedemi and Kue are of quartzite,
dipping Bast, and they extend along the road between Kue and Chirina. A mile
or so before Chirina the schists appear again, underlying the quartzites, and they are
well exposed in the Gajale River*. This stream yielded a fair amount of gold on
panning, with much black sand and zircons,

Between Chirina and Shiare, which les further West, is o series of quartzitic
sandstone ridges running North and South. The dip is about 60 degrees to the
Bast. In the valley in which Shiare lies the soft phyllites and schists appear
agamn, and just Bast of the town 8 to 10 feet of graphite-schist appear in the Sabu
River. The hills North of Shiare are of quartzitic sandstone sometimes quite
coarse-grained and frequently micaceous. The Sabu River yielded nothing but
zIrcons on panning.

The road from Shiare to Bismarckburg passes along the top of a ridge and then
descends into the Yege Valley. For the first two miles or more the ridge is of soft
phyllites and green schist, with many quartz lenticles. Then the road descends
mbo the valley of the Okury, a tributary of the Sabu River. Here quartzitic
schists are exposed, dipping Bastwards at 65 degrees. Panning yielded nothing
of high specific gravity. The hills to the South-east of this, along which the road
passes, are of round-grained altered sandstone, much veined, no dip being observed.
After about Shree miles on such rocks the road turng Basttwards to the town of
Osingi, crossing the strike of Bastward dipping quartzites, Beyond Osingi green
schists appear, similar to those South of Yege, vertical and siriking North and
South, Thence to Yege they outerop at frequent intervals, One stream on this

portion of the route, a tributary of the Y. e, t ‘
moderate zircons, but no cold, Ty ege, gave scanty black sand and

We next tumn to the Tutukpene Hills, Between Tutukpene and Od i
the ground is obscured by detrittills? from the scarp and by the lghick forest, “%ﬁi?
covers the larger part of the slopes. The Wulubong River, half 2 mile North of
Tutukpene, shows 10 exposure, but there are many boulders of Buem sandstone
a bleached felspathic sandstone much veined with quartz, in general appearance

sand was found ot panning. The Kpangsolo River, g little further North, was

Tn its bed is an exposure of calcareous sandy clay, dipping Fast at 60
0 70 degrees. It was Impossible to say whether this belongs to tI];Jle Buem or to the
Oti Series. In dip at least it corresponds with the Buem sandstones of the scarp

") Further details about the rocks numbered th iven i i
* For Assay of this schist seo Appendix 1T ® 1 8o given in Appendix 1.
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to the Bast. The Kente River gave no gold or black sand, but abundant zircons.
The Kejebi River yielded nothing but abundant black sand. A mile and 2 half
North of Kejebi town white Buem quartzite appears in & hummaocky exposure.
No dip is visible. The Chai River near here gave nothing but very scanty zircons.
At a mile and a half South of Odumasi there is an exposure of fine-grained grey
sandstone, dip unknown. From Odumasi Bastwards to Korintai there is no rock
exposure, The Sabu River, about a mile from Odumasi, gave nothing but a
moderate amount of zivcons. Thick forest covers most of the ground, The
Tutukpene Hills seen from the North show a series of scarps and dip slopes, all the
scarps on the Western side. The structure is not very pronounced, but guite
definite. '

Between Korintai and Dadiasi the road crosses several hills. On the slopes
of these Buem sandstones of the usual type are seen, and above them mudstones
and argillaceous sandstones, all dipping to the East, the angle varying from 40
to 80 degrees. The Kuanta River gave nothing on panning. The Dijebu
gave no gold but abundant zircons,

The country South of Dadiasi was traversed as far as Pussepu. Two streams,
a short distance South of Dadiasi, show purple shales, dipping ab 40 degrees or more
to the Bast.  One bed of this contains many clay-galls of different colours. Panning
here yielded nothing. A mile and a half further on a quartzite scerp is crossed
striking North and South, probably the Southward continuation of the hills Bast
of Korintai. Below the scarp soft altered shales are exposed. They become
quite phyllitic further South.  The dip is Bastwards at about 30 degrees. 'The
Titing River, a little beyond this, gave a trace of gold, with scanty black sands and
zircons.  Vertical phyllites striking North and South are exposed for about half
a mile beyond the river.

At a mile and a half to the South-east of Chai town, on the Ahunyo road, an
altered hasic rock outerops in a stream bed. It appears to form an intrusive
mass in the phyllites, but is of no great size, perhaps about 200 to 300 yards by
100 yards. It seems to be a very much altered gabbro®, but very little original
material remains. Piactically all the felspar is gone, and three-quarters of the
augite. The stream yielded nothing on panning but scanty black sand. Three
other streams between this and Bantibo yielded nothing on panning, Sandstones
appear here and there, all dipping to the Bast, and about two and a half miles
East of Bantibo a phyllite is exposed with clay-galls like those in the shales South
of Dadiasi.

Between Bantibo and Pussepu vertical micaceous sandstones appear, striking
North and South, and just West of Pussepu similar rocks are seen, apparently
dipping at a high angle to the West. No evidence of folding was seen.

The strata on the road Westwards from Pussepu to Achim are micaceous
sandstones, in most cases nearly vertical, striking North and South. The streams
pamned on this road gave nothing of high specific gravity. At the highest point
on the road, about two miles Bast of Achim (Atschim), a much altered basic igneous
rock is exposed. It seems to bea dolerite™®, but is very much decomposed. The
outlines of the mass are irregular, In the centre it is coarsely crystalline. Near
where it comes in contact with the quartzitic sandstones which surround it, the
texture changes and it becomes compact and flinty in appearance. This is probably
a chilled edge. There is at least half a square mile of this dolexite, possibly more,
and it seems to be elliptical in shape. In one stream flowing towards Achim the
rock is quite decomposed, forming a serpentinous mass. A search failed to show
the contact between the igneous rock and the quartzitic sandstones. It seems to
be an intrusion however, but nothing very definite con be said on this point. The

stream mentioned above gave nothing of high specific gravity on panning,

At Achim sandstones dipping steeply to the East are exposed, and thence to
Tutukpene we are on sandstones all the way, except in one place about half-way
between the two villages, where light grey mudstones are seen dipping Bast at
30 degrees. Sandstone appears both above and below them on the hill slope.
Three streams were crossed, one of which, the Wulubong, gave a few specks of gold,
scanty black sand and zircons. The others gave nothing.

. 40 Further details about the rocks numbered thus are given in Appendix I,
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The Tutukpene Range appears from the above to consist of a series of quartzitic
sandstones with a few softer argillaceous beds, all dipping steeply to the East
and becoming vertical on the Bastern side. To the Mast of the range the strata
in. the low country contain a larger proportion of argillaceous beds.

5. Ter Dayr Vairmy.

This area will be discussed in two sections, First, that portion North of the
Misahhe-Kpandu Road, and, secondly, that portion South of the same road.

~ The whole of the Northern area, except the extreme North, lies in the Dayi

River basin. It is bounded on the Eastern side by the Togo Mountain searp,

running in an almost straight line NN.E~—S8.8.W, On the Northern part of the

Western side the Nkunya Hills form a natural boundary. Iurther South a low
érregular range of hills separates the Dayi basin from the main portion of the Kpandu
istrict,

The first traverse was from Liati to Borada, via Fodome, Pelkipong, Akpafu,
and Teteman. The return journey was made via Amamforo, Alpafu, Lolobi,
Pekipong and Kolenu. Thence the road South to Logha was taken. At a later
?eﬁmd c11311e route from Liati to Wurupong, via Kolenu, Deme and Kpeme, was

ollowed.

Leaving Liati by the Akpafu road we find that the country is very flat,
until within about ~two miles of Santrolkofi, and exposures are few in
number. Nothing is seen in sitw until about a quarter of a mile from the
village of Dafong., The intervening ground is covered with laterite, and a
few fragments of jaspery quartzite and of veined sandstone, usually bleached,
are found lying about. “The exposure at Dafong is of such bleached sandstone,
much veined with quartz. No dip is to be seen. [t is similar to most of the sand-
stone found in the Akpafu district. The Kole River, half a mile further on, gave
1o gold on panning, but only moderate black sand and zircons. Between this and
the Avode River there is no exposure, but much veined sandstone is found on the
road. The Avode gave very scanty black sand, but no gold. The Nubui River
also, one mile past this, gave no gold on panning, The river sand at this place is
a very fine white quartzose one. A soft brown mudstone, much puckered, is
exposed in the stream bed. The axes of the larger folds, which are very irregular,
seem fo run N.E. and S.W. The folding does not appear to be more than local,
Between Fodome and Pekipong there is no rock exposure. Much jaspery and
white quartzite and veined sandstone are seen on the road. The rivers in this
area gave no gold on panning. The Ef River had abundant black sand ; the Tole
yielded practically no black sand and only scanty zircons; whilst the Enfiwowo
had both black sand and zircons in moderate amount,

One mile North. of Pelipong the road crosses the Dayi River. Here yellowish
hrown to flesh-coloured friable mudstones are exposed, both in the stream and in
the road-cutting further South, They dip at 35 degrees to the North-east. A
search in them gave no fossils. The river yielded moderate black sand and zircons,
but no gold. The J etole River, a mile further North in low swampy ground,
showed no gold, and neither did a smaller stream about half-way between the
Jetole and Santrokofi. The road rises about 300 feet in the last mile or
80 before Santrokofi. Here we enter the Akpafu hill country, and most of the
road beyond is in thick forest, with patches of elephant grass here and there.
Much laterite, containing yellow shale fragments, appears immediately to the
South of Santrokofi. Opposite the Rest House argillaceous sandstone outcrops,
dipping ast at 40 degrees. The stream North of the town gave no gold, but much
siliceous ironstone in small chips and rounded grains (not pisolitic). The Vuyuli
River, about a mile further on, showed nothing on panning. Light coloured
sandstones, slightly felspathic and much veined with quartz, appear all the way
from Santrokofi to Akpafu, showing no dip. A quarter of a mile below Akpafu
g%wille g?.: ebl'uu%l c%.mﬁi(; fzap;lsiigne appears to be dipping Fast at 20 to

ees. Roun atu itself sandstones vei it}
Trequontly thoy srs e el dstones veined with quartz are exposed.

IaberT(};f ;[fc))-nstone oceurrences to the North and Bast of the town are described

23

The road from Akpafu to Borada is a bush path through thick forest practically
all the way. Travelling North from Akpafu we descend into the Odomi Valley and,
crossing it, reach Teteman on the fop of the hills to the Fast. Thence the xoad
descends into the Odomi Valley again and follows it for a distance of about four
and a half miles to Borada. Between Akpafu and the Odomi Valley chocolate-
coloured quartzites are exposed at intervals, no dip visible. Three streams panned
on the way gave scanty black sand, but no gold. On. the hill slope up to Teteman,
which is about 450 feet above the Odomi, sandstones of a brownish colour are seen
dipping East ab fairly high angles.  In the town of Teteman sandstones, fairly well
bedded, and alternating with soft weathered shales (almost phyllitic in character)
show undulating outcrops and dip steeply to the Bast. At the North end of the
town fine-bedded sandstones are seen dipping due Hast at 50 degrees. Half a
mile further North, on the descent into the Odomi Valley, a serpentine™ is exposed
on the hill side. Nothing is shown which could guide in deciding how it is related
to the sedimentaries. It is much sheared, the foliation-planes dipping East, and
ingeneral disposition it appears to lie parallel to the bedding-planes of the sandstones
near at hand. The zock itsell is so much decomposed as to give no clue to its
original character. One is reminded by it of the Achim and Chai occurrences.

Between this and Borada the road lies along the Odomi Valley, and nothing is
exposed, except some veined sandstone in one of the tributeries of the Odomi.
Of five streams panned between Teteman and Borada none showed gold, and
most of them only very scanty black sand and zircons. '

A hill called Daklu, about two and a half miles South-east of Borada, is
composed of quartzitic sandstone showing no dip, and similar rocks are found for
two miles along the Borada-Jasekang Road. The town of Borada was formerly
situated on the summit of Daklu. _

On the return journey to Akpafu the route over the hills Westwards to Amam-
foro was taken. On the road up from Borada sandstones, similar to most of
those seen in the district, are exposed on the hill-side. The Western slope, descend-
ing to Amamforo, is very thickly wooded, with dense undergrowth, and nothing is
o be seen, except a few fragments of ferruginons quartzite. The valley of the
Ravie between the Akpafu and Nkunya Hills, is mainly forest country, and
almost nothing is to be seen in it on the road between Amamforo and Akpafu—a
distance of about seven and a half miles. Along the whole road blocks of sand-
stone from the scarp on the Bast are~sparsely scattered. At about a mile and a
half to the North of Odomi brown and flesh-coloured fissile sandy shales, dipping
Tagt, are visible. A quarter of amile on the same side of Odomi a veined
quartzitic sandstone can be seen, probably ¢n situ. A mile South of Odomi the
road turns Iiast and ascends the hill to Akpafu, a rise of about 1,000 feet. On
the road up there are sandstones and quartzites similar to those at Akpafu. No
dip was observed.

The road from Akpatu to Lolobi descends the valley of the Otupaso Eastwards,
and then turns Sounth-eastwards to Baika. Tn the Otupaso valley many exposures
of sandstones and softer argillaceous beds occur, all dipping Hast at fairly “high
angles. One stream crossed shows vertical argillaceous sandstones striking
N.N.W.—S.8.E. This stream gave no gold on panning and very scanty black
sand. The Firau River, flowing South, was crossed two miles from Akpafu.
It also gave no gold. Nothing was seen  siu between here and Baika. 'The
Dayi River, about a mile South of Baika, showed no gold, but abundant black
sand. A little further South vertical sandy shales are visible, striking North
and South. The next stream panned, half a mile North of Lolobi, yielded
nothing but moderate black sand and zircons.

At Lolobi somewhat contorted reddish sandy shales are to be seen. The strxike
is North and South. A mile and a half further on along the I?ekipong‘road coarse
Buem grits appear as blocks, probably nearly en sitw. A hill just West of the
road seems to be composed of such grits. They are felspathic and also contain
fragments of argillaceous rock. A mile further on vertical sandstones striking
N.N.W—S.8.E. are exposed.. The Tole River is crossed about two miles Noxth-
east of Pekipong. It gave nobhing on panning. One hundred yards South of

“) Further details about the rooks numbered thus are given in Appendix I,
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1t well bedded sandstones veined in several directions with quartz are exposed,
and interbedded with these are grits such as are seen South of Lolobi. They dip
North-east at 60 degrees,

From Pekipong the road to Kolenu was taken. The only rock exposures are
at the Tolega and Kole Rivers. The Tolega shows green and brown beds, possibly
tuffaceous.®® They appear to be dipping North-east and 4 to 5 feet of rock
are exposed. At the bridge over the Kole yellow weathered mudstones are seen
dipping W.N.W. at 20 degrees. They seem to be overlain by a grey felspathic
sandstone exposed on the opposite bank of the river. Four streams were panned
between Pekipong and Kolenu, each of them giving moderate black sand and
zircons, but no gold. The Enfiwowo River, two miles South of Pekipong, gave
goIme pyrites.

The country between Kolenu and Liati is low-lying and marshy and gave no
exposure of rock. A few fragments picked up just North of Liati are of veined
sandstone and jaspery quartzite.

The road from Kolenu to Deme is similar. The Dayi River, about three
miles North-west of Kolenu, gave very scanty black sand, but no gold, on panning,.
Both it, and a tributary crossed some 200 yards further West, have stiff clay
botitoms, Fragments of brown and grey mudstones appear on the road.

The Akotsi River, a mile further on, showed traces of gold, but very scanty
black sand. Another stream further West gave neither gold nor black sand.
A mile beyond this sandstones are exposed dippig Bast at about 30 degrees. They
contain many aigillaceous and quartzitic fragments. Half a mile South of Deme
& large hummocky exposure of Buem rock is to be seen. It is a quartzitic grit,
much bleached, and contains a large number of argillaceous and felspathic
fragments. In different patches it ranges from almost pure quartzite to a grit
composed, for the most part, of argillaceous and felspathic fragments. Bedding
is not clearly shown, but the dip seems to be Bast at about 30 degrees. The whole
exposure is liberally veined wifh quartz.

From the foregoing it can be seen that only about half a dozen
exposures were seen in the low country of this part of the Dayi basin,
most of them soft mudstones or shales dipping Hast. These mudstones
are in general not much altered, though in one or two of those seen in the
Akpafu district the use of the name phyllite might be justified in deseribing them.
No evidence of such folding as characterises the rocks of the Togo Range was found,
either in the argillaceous beds or in the grits and sandstones of the Akpafu district.

Of rocks of igneous origin we have little trace, that mentioned at Teteman
and the possibly tuffaceous beds in the Tolega being all that were seen. This is
il{]l'l striking contrast with the extensive igneous development in Kpandu and

funya.

In the Akpafu Hills the predominant rock is quartzitic sandstone somewhat
felsgmthic, much veined with quartz and frequently bleached. It dips at a varying
angle Bastwards, -

The Southern portion of the Dayi Basin is similar in general appearance to
the Northern portion and, geologically, it is the Sowthward extension of that
region. The rock exposures are almost invariably of bleached and hardened
sendstones or of mudstones more or less altered to phyllite. Wherever observed
in the area, the strata always dip in a direction between East and South, the softer
beds being sometimes rather contorted. The dip is usually above 20 degrees,
and in the Northernmost parts of the area seems to be generally between 40
and 60 degrees.

.. The country was traversed in a North and South direction along the Kpandu
Hill Range, the Dayi was crossed at three different places, and several short
traverses were made in the North-western. corner between the Kpandu Hills and
the Volta River. The extreme West of the district was not visited.

Taking first of all the Dayi Valley proper we find that exposures are extremely
scanty, and no idea can be got of what becomes of the Buem Series as it approaches
the base of the Togo Mountains. The first crossing of this area was from Anfoi
to Logba. West of the Dayi exposures of veined brownish vellow sandstone are

40 Further details shout the rocks numbered thus are given in Appendix I,
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to be seen at Wademacha and a little to the Tast thereof. On the West (rvight)
bank of the Dayi ifself 5 or 6 feet of reddish decomposed sandy shales are to be
seen dipping at high angles to the Hast. East of the Dayi there are no rocks to
be seen at all until we get to the Liati-Kpeve road. No lateritic deposits are to
be seen on this route.

The Liati-Kpeve road was followed from Liati to Adshakoe and from Fume to
Agame. On the former portion, travelling Southwards from Liati, we find a large
number of sandstone and jaspery quartzite fragments similar to those got North
of Liati. No exposure 18 seen, however, until Mape is reached. A% Duga we find
masses of quartzitic sandstone on the road, much veined with quartz. At Fiape
similar rocks are seen ¢n stfu, but ne dip is shown. Just South of Abessia the Flabo
River was panned, giving no gold and no black sand.

On the road between Fume and Agame no exposure was seen, and two streams
which were panned, the Gulugu and the Botoe, gave no gold or black sand.

The second traverse from West to ast across the Dayi Valley was from Vakpo
to Iitoi. Between Vakpo and the Dayi there are the usual exposures of veined
sandstone, and in the river itiself 20 to 80 feet of strata are seen, thin beds of sand-
stone and sandy mudstone, all much hardened and dipping steeply to the East
and South-east. Between the Dayi and Etoi the country is fairly open, and there
i1s much laterite. At the Tolele River there are exposures of reddish friable
sandstone apparently dipping South-east at a moderate angle. The streams
in this area yielded only scanty black sand and zircons, the Dayi showing a few
specks of gold. o

The third traverse was from Kpeve to Soho (Socho). "The country is quite
hilly on this route, and for the most part thickly forested. The Tadsa River, a
short distance West of Kpeve, shows highly contorted phyllite on the right bank.

- The general direction of dip appears to be Hastwards. If the distinction hetween

the Togo and Buem Series is upheld, this exposure seems almost certainly to
belong to the former rather than to the latter.

More than two miles further West, and a quarter of a mile beyond the Begheve
River, vertical phyllites and laminated quartzites are exposed, striking N.J2.—S.W.
Between this locality and the Dayi River there is a great thickness of brown
decomposed strata, dipping steeply South-east. They may be either brown mud-
atones or weathered phyilites, and seem to be of the Buem Series. They are very
similar to those mudstones seen Tast of Vakpo. Unless much folded, which does
not seem probable, the strata exposed cannot be less than 1,500 feet in thickness,
possibly more.  Similar rocks are seen in the Dayi channel. West of this, and right
to Soho, nothing is to be seen but veined and bleached sandstone. The Kpandp
Hill range here is composed of two ridges, both of which secem entively built up
of such hardened sandstones. Like those seen North of Kpandu they contain
decomposed felspar grains and also fragments of dark argillaceous material. The
dip appears to be Bastwards. In the low country West of the range the sandstones
in several places are found to be unbleached, being dark greyish green in colour.
On the hill ridges such unbleached rock was not seen. The streams around Soho
yielded only scanty black sand and zircons on panning.

The route followed Northwards from Soho to Kpandu is over Buem rocks the
whole way. The first portion of the road to Botolku shows bleached sandstones
for most of the way, no dip seen. About & mile South of Botoku, however, a
very coarse pebbly sandstone is exposed, only about 2 feet thickness being seen.
The pebbles, rounded to sub-angular, include grey limestone, granite, quartz-
porphyry (%), phyllite, and jaspery and white quartzite. Beyond this the ordinary
bleached sandstones appear again, Between Botoku and Ajingbe nothing is to be
seen but large hummocky exposures of the same bleached and veined sandstone.
One stream, just South of Ajingbe, gave a few specks of gold on. panning, with scanty
black sand and moderate zircons. Other two streams at Botoku gave traces of
gold. The road from Botoku to Vakpo passes over the same rocks the whole way,
except at Tota where, just Noxth of the town, soft red, blue, and purple sandy shales
are exposed for about a quarter of a mile. They are much contorted and show
no definite structural axrangement, not even an approximate direction of strike.
The sandstones seem in every case to be dipping Bastwards.

4
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Between Vakpo and Anfoi there are no exposures, but the hills to the West
are of the usual sandstones. Three streams in this area yielded scanty traces of
gold with very little black sand and scanty zireons. North of this, to Sovie,
nothing of note is to be seen. Toplale Hill, on the Western side of the road,is about
400 feet above the road level, and the sandstones on it are dipping at fairly high
angles to the Bast. North of Soviee irregularly folded sandy mudstones are

exposed. From this point to Kpandu the only other exposure is at Asiafe, where

light purple sandstone seems to dip to the East at about 40 degrees.

The country to the North-west of Anfoi, between that town and Dukluja, was
traversed in two directions, Northwards to Abessia and North-westwards to
Atikbeta and Dukluja. On the Abessia road there is a steep scarp between Anfoi
and Tateingbe, composed of bleached Buem sandstone. North of this, in the
valley between the two ridges of which the hill range is made up ab this point,
there are several exposures of weathered mudstones, dipping Kast at 30 to
40 degrees. One stream near Abessia gave several specks of gold, with scanty
black sand and moderate zircons.

The voad from Anfoi to Atikbeta and Dukluja is fairly hilly for the first part
of tlr;xe way, and the country well forested. The Ataulo River, just West of
Tateingbe, gave nothing on panning but the scantiest of black sand and zireons.
On the hills to the West of this Is bleached sandstone of the usual type, but
accompanied by somewhat coarser material, with numerous slate and phyllite
Iragments. Thence Westwards to about a mile Bast of Kumfa are to be seen
coarse-grained bleached sandstones liberally veined with quartz. Then appear
flaggy brownish sandstones dipping at moderate angles to the South and South-
east. Between Kumfa and the Volta at Adaho there are no exposures. In the
middle of the Volta channel at this point, however, appear several exposures of a

fine-grained dark bluish green basalt™, very scoriaceous in parts, The three

exposures visited are of the same type, with much accompanying calcite as small
amygdales. Sand from here yielded a little gold, with moderate amounts of black
sand, zircon and garnet. Between this and Dukluja there is no exposure of any
kind. The hills to the Bast of the road are of Buem quartzite,

6. Tem Nxunva avDp Keannpu VOLOANIC AREA.

Before commencing to describe this area some remark is necessary on the
use of the termination “su > in the case of names of rivers. In the cass of some
streams the native seems always to use the termination when speaking of the
stream, eg., Konsu, Ajamansu. In others the name is usually used without the
termmation in ordinary conversation, e.g., Wawia, Ekple.  Also villages beside
certain of th?‘ streams are called by the name of the river without dropping the
termmation *su,” eg., Ajamansu, Adenkensu. In consequence of these facts
it has seemed advisable, from the point of view of utility, to use in this Report the
names by which the various streams and villages seem to be commonly known in
j;‘he (istrict. Thus the village at the mouth of the Ajamansu is referred to ag

Ajamansu,” whilst the stream itself is called the Ajamansu River” although
stnciﬁ speaking this procedure is not sound. ' ¢

The area in question is chiefly covered with forest, but a sood d
patk land oceurs in some parts. The distribution of forest and p%tl’k Ia.xfc;iL %solfngililel;
controlled by the streams which nearly always have a dense forest belt on eitherside
along their course. In two instances, however, a sudden change from forest to
grassland can be observed at the boundary between quartzite and volcanic agglo-
merate, the formrcir having the forest land upon it. " %is is in keeping with what is
?ﬁ:&iﬂggg ];)f the Togo Range, in connection with basic intrusions, ~ These in several

ave 4 grass cover i y i i ] i
n m]%tanigrphic %,reas'. vering, whilst forest oceupies the neighbouring sedimentary
r. Roert mapped the whole district as Buem, and n :
of voleanic rocks to the Fast of Akroso and to the Séuth-xves?tt%% fgaarfgzun?ll‘lﬁ:

results of the recent traverses make it probable that the j ; :
.between the two localities noted by I%Joert. ® Igneous belt is continuous

U Further details about the rocks numbered thus are given in Appendix I,
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Commencing at Akroso, in the North of the area, Buem sandstones and
conglomerates are found in the Asuokoko River just South of the town. Here -
darl fine-grained argillaceous sandstones are to be seen standing vertically in the
stream bed and striking North and South. About 200 yards further Hast coarse
conglomerate appears with large pebbles up to 6 inches or 8 inches in diameter, dip
not seen.  The pebbles seen wereall sedimentary, chiefly quartzite. A few yards
Bast of this place fine-grained dark greenish sandstone or arkose appears, and
seems from the general disposition of the rocks to be lying on the conglomerate,
though no actual contact was got. The sandstone appears to be dipping ata
high angle to the Iast. ‘ o

Half & mile further up the river gritty sandstones are found dippmg at 20
degrees to the South-east. A few yards higher up a finer grained rock “*—possibly
tuffaceons—is seen dipping in the same direction, and upon it lie fine greenish-
brown shales, upwards of 6 feet being exposed. Half a mile above this grits are
seen again, 12 feet in thickness.

Higher up we come to a greab thickness of green mudstones. A% one place
over 40 feet are exposed, but the tofal thickness must be several hundred feet,
as they are seen at intervals beyond this. The dip is high to the Fast—sometimes
nearly vertical. In places the mudstones are soft and iriable, but now and again
hard and fissile. After a gap of about half a mile similar mudstones outcerop again,
dipping East at 60 to 70 degrees, but containing lenticular patches of grit
and sandstone.

Between this and the point where the river nearly touches the IKpandu-
Krachi road, a distance of about one and a half to two miles, sandstones outcrop
at intervals, but could not be closely examined. Then indurated mudstones, brown.
in colour, are exposed, dipping Fast at high angles.

On the main road between Akroso and this point very little is exposed. Two-
small stream beds show Buem sandstones, brownish green in colour and possibly
tuffaceous. No dip was noticed. Travelling Hastwards the Aboabo River is
reached, crossing the road from South to North about a quarter of a mile beyond
the point where the Asuokoko touches the road. A sandy mudstone, dipping
Bast at 60 degrees, is exposed in the bed of the Aboabo.. On following this stream
up channel for about a mile and a half similar rocks are seen ab intervals,
together with dark sandstones and light yellow decomposed mudstones. There
is some minor folding, but nothing of importance was noted. This stream gave
fair gold prospects on panning and a little black sand. Between it and Komfo-
kokrum there is no exposure. ‘

About a mile Tast of this we enter the volcanic zone at the Ajanafi River.
In the stream bed lie grey shales (weathering red) dipping at 80 degrees to the
South-east. About 50 to 60 feet are exposed. IDast of this fragmental volcanic
rocks occur. They are much weathered and vary from fine to very coarse in
texture. No indication of bedding was seen. The blocks composing the coaise
agglomerate are all of basic types, as far as was seen“”. They include an
amygdaloidal basalt with large porphyritic felspars and augites, and a fine-grained
rock which appears to be of similar type. Blocks of apparently less basic
character also ocour. There is much scoriaceous rock in some parts.

No contact was found on the road between the mudstones and agelomerate.
Near the western: side of the agglomerate area, what is probably a dyke of fine-
grained dolerite, is visible, traversing it in a N.E.—S.W. divection. South of this.
the porphyritic basalt occurs ina large mass, which may be & plug or another dyke.
The agglomerate occurrence is about #ths of a mile broad. On the eastern
side, just South of the road, brown mudstones are seen, veined with chalcedony
and dipping Bast at moderate angles,  Along with them appears in several places.
a crystalline siliceous limestone, light grey in colowr and much veined with calcite
and quartz. A stream, flowing roughly parallel to the road about a quarter of a.
mile away tothe South, shows grey sandstones, dipping East at a moderate angle.
Several yards further West appears a decomposed basic igneous rock overlain by
grey shales. The igneous vock here appears to be interbedded. Curystalline
limestone"™ is found in the vicinity and seems to be in lenticular patches striking

M G &e Further details about the rocks numbered thus are given in Appendix T,
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North and South. AIl West of the limestone seem

orth ar . ) ) s to be agglomerate or lava.
Slﬁnﬂ&l limestone is exposed on the road in contact with serpenggjsed ignzoﬂg rzzf;
The streams here yielded nothing bus the very scantiest of black sand on pa,nning:

East of this the road passes on to Buem sandstones and gri 1
bands he;e and f,here. This_ continues to beyond Abupaso, wl%erzs,\;:;ltilrc?sibil;}lllz
Aboabo River again, here flowing South-west. Inita greenish quartzitic sandstone
of which several feet: are visible, dipping South-east at about 20 decrees overlies
20 to 30 feet of very coarse conglomerate. The pebbles varybfrom, 6 inches
in length downwards, and include granite, shale, slate, phyllite, mica-schist, vein-
quartz, graphite-schist and pyritic phyllite, all well rounded. The matrix
contains many clear, rounded grains of sand.  About 100 yards down the stream

from the road agglomerate, similar to that above-mentioned, appears in the stream

bed, together with fine-grained basalt™ or simj '
fine- ' | milar basic roek. " It was i i
to i&y whether this is mtrusive or interbedded. Some of i;: is ver)fl Sség%ﬁiséie
mjl; caI;:;pe amygdales. Tt occupies the bed of the river for at least a quarter of a
;1;; sr_o-l‘i‘; 10}% ISL as Eﬁr as it wa%follmved. Panning yielded fair gold. values, a ferw
¢s, but nothing else. Noxth of this on the Tapa road nothine is to |
but bleached Buem sandstones and grits with no deﬁlzlite dip showiﬁglé to be seen

The Kpandu road turns South be i
: yond Abupaso, and nothine i
Efgr&%rlll g;ere r.[alt]rlld Kﬁ'aérlpﬂ%um but occasional Vellljled sandstones a;dlsrr:iotsbc?r Sseoefltli
. Lhey all dip Kast at moderate anoles. eam in tlhis ax
Panned, yielding nothing but moderate zircons.g " One stream in this area was

From Kwamikrum a road leads Rastward
: ] rds to Jasekane, No i :
zgpboiz esg?; gfl 1’%{ but ZZLR guccessifn (l)lf brown mudstones and sandst%ﬁzgus %‘[?lfic; gi:
» ble onsu hiver and other streams, dipping steeply to the T
are overlain further Bash by bleached Buem sandgc-lzméqs mu%l?veinec? Eag_t. tThey
on this road yielded anything on panning. ’ § oS

West of Kwamikram the igneous zone is e 1
' 2 ncountered again, The road fv
ﬁ;ﬁﬂﬁﬂm‘a l?iizmnﬁe shfog]\;s lloricj)gwn slandy mudstones, dipging East gtrggdéig?;
, until wi € ol the latter place. Then igneous things begi
Attwosprings just South of the town a much decomposed doleriti%: roc%cl‘n“"’tgtﬁzlggggg :

The stream draining this area j '
. ] gave nothing on panning but mode
and zircons. In its bed a compact basic rock is exposged, similar rf(f et-l};flfil:d;tsiﬁd
%ergs mentioned above. Blocks of a porphyritic basalt®™ similar to that b we n
omfokokrum and Abupaso, are also to be found lying about, sveen

Following the road to Korumfenda, whi
. » which turns off to th :hev
a mile south of Odumase, we come to another stream about 200;3%?%;5321]&1:

one mentioned. It shows expos ;
ith sorpaatisg ROV, xposures of the same dark blue rock ag the first, veined

Past this the road crosses a ran i
: » range of hills, and on th :
deitlcomposed amygdaloidal material is to be seen in si, ) ’f‘isét(ﬁ'rlllssﬁpes JIlluch
gdere crossed, are of qhalcedon_ic quartzite™ on top, similar to that Se;mse on
umase. The quartzite belt is several hundred yards wide and runs ﬁgugﬁf;

North and South. It is succeeded on the West by coarse voleanic agglomerate

The basic rock

on ( \ y ith grass,
ntact, however, was seen.  Only basic fragments were noticed in the aaélgiieraltio
b .

The nature of the jas narkrife 3 .
ther%al action. Jaspery quartzite is doubtful. It is probably due to hydro-
escending the western slopes of the hills
: : the - .
?frﬁczir’ %I?d I one or two }ﬁlaces is practically a,aﬁgngi?g;:;zéa Zi?mgls‘lﬁner‘ =
the Southun-x Ly tIS eﬁterecl and the next exposure s in a stream hed half 1e1_11 fhe
oy sout Ve?-, - . ~iere mudstones dip to the Fast at g high angle, a 31111 o
St orystallin einhmme;g;n; jcipeass interbedded with them, The Ted of thy
; L ces with porous calcar ' :
- nothing but plentiful black sind and epidotes. A littlzollal:ygg?'thifigglgzgniﬁg

8, {50}, &o. R : h h A
further detsils ebhout the rocks numbered thus are given in ppend' I
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appears again, with many chalcedonic quartzite®™ fragments lying about. A mile
further on a fine-grained basalt or dolerite is exposed in two streams. :

Thence to the Konsu River there is no exposure, but igneous fragments are

found lying about along the whole way. Between the Konsu River and Korum-
fenda the road is in the Volta forest belt and there is nothing én sitw. The fragments
seen on the road, however, were of sandstone. No igneous fragments were seen.
The Konsu yielded only a trace of gold on panning, very little black sand and few
zZircons. ‘
At Korumfenda itself only sedimentary fragments are found lying about,
and it is fully a mile from the village along the Wurupong road before igneous
fragments appear. Those which are then seen may be derived from rocks in the
neighbourhood, or may have come some distance—probably the former, but there
are no exposures. Sedimentary rocks outerop about half a mile further ast.
They are even-grained sandstones, indurated and bleached, showing no dip, and
with them occurs a veined siliceous rock which seems very like a more siliceous
variety of such limestone as was seen in the stream between Odumase and the
Konsu River. _

Half & mile further on sandy mudstones are exposed in a stream flowing South.
They dip Kast at 60 degrees. The next stream, two miles further on, shows similar
mudstones. Beyond this there is no exposure for another mile. Then jaspery
quartzite is seen in a stream bed. Another mile further on a basalt™, fine-
grained and dark blue, with pyrite scattered through it, appears in the bed of a
small stream flowing North. It is much veined with calcite. It is very similar
in character to that seen just South-west of Odumase. The same rock appears in
the next stream, half a mile further Bast. Trom this peint to Wurupong the road
is in thick forest, and there is no exposure of any kind.

The main road from Kwamikrum to Wurupong shows few exposures of rock.
In the banks of the Konsu River, just South of Kwamikrum, green fissile shales
are seen standing vertical, and striking N.W.—S.E., 20 to 30 feet being exposed.
Near Adenkensu bleached Buem sandstones of the usnal felspathic type are exposed.
The Wiawia River further South yields weathered mudstones, dip not obvious,
whilst about half a mile North of Wurupong Buem conglomerate is exposed with
shale, quartzite and granite fragments and pebbles.

On the slopes of the Nkunya Range volcanic rocks are again exposed. Just
Tast of Wurupong a sectionis to be seen in the Ajanku stream, which flows
from the scarp (Fig. 7). The cliffs at this point are unscaleable, so the height
of the scarp was not obtained. The cliffs themselves are of bleached Buem sand-
stone, felspathic, and much veined with quartz. There are several hundred feet
of this sandstone. In its lower portions it becomes somewhat flaggy, and
argillaceous in character, and beds of very soft grey mudstone, with soapy feel,
appear and alternate with more sandy beds. Below this comes sandstone like that
of the scarp, about 30 feet in thickness and dipping almost due Bast at 30 degrees.
Next appear mudstones similar to those higher up, and about 40 feet of these are
to be seen all dipping Bast under the sandstone. Here and there they become
quite sandy or gritty, and finally pass into a bluish gritty quartzite. This, after
6 or 7 feet, merges downwards into mudstones again. Twelve feet lower down a
light blue pyritic quartzite band with angular fragments appears. Twenty feet
below this the mudstones, which lie beneath the quartzite, have merged into an
argillaceous limestone, of which there is 10 to 14 feet, bluish grey in colour and

weathering to a yellow ochre. Below this there is an obscure 15 feet of much
altered basaltic tuff®. Twenty feet below the limestone undoubted agglomerate is
exposed. Everything appears to be dipping Tast at a moderate angle. The contact,
though obscure, looks very much more like interbedding than intrusion, and
this 1s supported by what is seen below the agglomerate, where finer tuff beds
are almost certainly interbedded with mudstones dipping East at 40 to 50
degrees. The agglomerate is not coarse, no blocks over 2 to 8 inches dismeter
being exposed. Similar and finer grained rocks appear in the bed of the stream for
about 200 feet below this point. The dip continues to be to the Bast at o moderate
angle. Next appears a basic rock, non-fragmental in character, and much veined

@3, kb se Fypther details about the rocks numbered thus are given in Appendix T,
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with caleite, a decomposed dolerite®™. No dip was seen. [t is at least 20 feet
thick. Forty feet lower down tuff (?) is exposed, dipping East at 30 to
40 degrees. This outcrops for a vertical distance of about 100 feet, and seems
to be very argillaceous in character. Possibly it is a mudstone with more or less
of fine volcanic material. Turther down, however, it becomes miore definitely
a basic tuff in character. Beyond this there is a gap of about 200 feet, and
then Buem conglomerate of the usual type is exposed, with red shales above it.
About 100 feet lower still are bleached felspathic sandstones, seemingly . situ,
and theso are probably the same as the sandstones seen on the main road

«!

between Wurnpong and Ntameda.

No other good section was found helow the scarp, and igneous material was
not seen tn sifu North of Wurupong on the eastern side of the Krachi road. The
first two streams North of the town show one or two tuffaceous pebbles, but beyond
this nothing was noticed. The Akum and Wiawia Rivers showed nothing but
Buem grits where examined between the main road and the Nkunya Range. These
grits are frequently dark green in colour, somewhat sheared and often contain
fragments of phyllite, granitic gneiss and quartz. They are very like the rocks
seen in the Aboabo River at Abupaso. The volcanic zone may have died out in
this direction, or possibly is concealed by the quartzitic debris from the scarp.
Its continuation Southwards is seen in the Asusunchu River, due East of Ntameda.
Here some of the beds seen at Wurupong seem to appear, notably the limestone.
Altored igneous rock, possibly a basalt or basaltic tufl, is seen at intervals for
a distance of 50 or 60 feet (vertically) dipping steeply to the North-east. Above
it lies a grey argillaceous limestone, much veined and dipping North-east at
a moderate angle. - There seems to be at least 15 feet of this, but the exposures are
poor. Then coarser material, very like agglomerate in appearance, seems to ocour
o siu.  Above this, probably 20 feet higher up, are light brown shales dipping
North-east about 50 degrees, and similar, but grey, shales are seen 10 to 20 feeh
higher up (vertically).” The intervening beds are chiefly shaly, sometimes
micaceous or sandy. A little above this, decomposed igneous rock is to be seen,
very like much of the Wurupong material. It dips at a high angle to the North-
east, and the thickness seen might be 30 to 40 feet. N othing was seen above this.
The stream gave only the scantiest black sand on panning,

Further South no igneous rocks were seen under the Nkunya scarp. They
may quite possibly extend in this direction, but the country is thickly forested.
The road from Ntameda to Kpeme shows only bleached Buem sandstones, and
In one place sandy mudstones, dipping Bast at moderate angles. South of Kpeme,
on the road to Kpandu, only felspathic Buem sandstones are to be seen, dipping
at moderate angles to the South-east. Several streams panned on. this route
vielded nothing but a few zircons. ‘

Returning to Ntameda, we find a large development of voleanic rocks to the
West of the town on the road to Ajamansu. For the first mile and a half only
sandstone fragments are to be seen, but immediately after this we enter the volcanic
zone, and blocks of agglomerate containing fragments of the porphyritic basalt,
well kmown further North, make their appearance. About a mile further on a
pytitic fine-grained basalt™ is exposed in the bed of a stream draining North.
It shows banding in several places, possibly flow-lines. It is almost certainly
the same as the pyritic basalt seen on the Korumfenda-Wurupong road, some
four miles further North, Beyond this the road is covered with decomposed
igneous material, and 40 or 50 yards further on o similar basalt is exposed. A
mile or so further on the fragments found on the road appear to indicate that we

of the usual Buem type.

Further along the road igneous fragments appear again, and two miles away
irom the westernmost exposure of the pyritic basalt coarse volcanic agelomerate,
Like that at Abupaso and at Odumage, appears. Much of the material composing
15 18 very scoriaceous. Porphyritic basalt blooks also occur, and here and there
fragments of more acid type, porphyry and rhyolite®™, ocour. These acid
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fragments in the agglomerate were not seen at any of the exposures further Noxth.
They become more frequent along this road travelling Westwards.

fter the reappearance of the agglomerate a large mass of basic rock
a,ppegz]nl; ]i‘stc}yt]?e North of fl?e road, and seems to form an infrusion. It is a daik
blue, fairly even-grained pyritic dolerite™. Its boundaries were not traced. Les%
than half a mile West of this a stream draining Southwards crosses the 1:0a.c1.,‘a,nc
in it is an amygdaloidel basalt. A quarter of a mile further North this stream
turns right round and is found draining North ovex the basic rock mentioned abox‘rg
as probably an intrusion. In the amygdaloidal rock are patches of more aci
character, irregularly distributed. Tollowing the stream down (Southwal.ds%
for about 50 or 60 yards we come upon light brownish red amygdal?lda‘
lavas™, accompanied by a light gray rhyolite®™ veined with quarbai 011
chalcedony.  Shortly beyond this is a compach E‘L}tered” igneous rock
(probably a tufi®) with a curious “tubular” or “ peg” structure 1;:1
some portions, It is blue in colour, very tough, and shows patches of ]}c}.g,fr:
ferro-magnesian minerals. It appears to be dipping steeply to the Hast. I': ELY
yards further on a very tough decomposed rock, perhaps agglomerate, is expose};
Below this, for about a quarter of a mile, tuffs seem to predominate, but are much
altered. They appear to dip steeply to the Hast. In several places lava ba.ndsh
seem to lie in the tuffs, whilst coarser fragments and blocks appear towards the
bottom of the series. Then, after a gap of about 300 yards, sottr grey mudstones,
dipping Bast at 75 degrees, show in the bed of the stream. "They scem to bei
somewhat folded. The tufis may possibly lie conformably on these. The tota
thickness of the volcanic rocks seen in this stream section could haxdly be less
than 500 to 600 feet, and is probably more. . -_ o
nd this stream to Ajamansu there is no further exposure, but for most o
the rlgsgoigneous fragments m]:e seen lying about. Just North of Ajamansu, 11{ th?;
Ajamansu River, green Buem arkose is exposed. Twenty or thirty yards Vead
of this, in the bed of the Volta River, there is an exposure of jaspery an
chaleedonic quartzite, probably connected with voleanic activity. Beyond this,
to the North-west, several basalt®™ outerops appear in the Volta, w'ln]st to
the West are sandstones like that in the Ajamansu River. On the left ‘ba,nk
of the Volta, one mile to the North-west, just opposite the igneous exposures %t
Obosumanu Station, there are outcrops of a pebbly sandstone with greenish tufi(?)
fragments. This is banded with a non-pebbly sandstone, dipping 40 to
50 degrees towards the Kast. o
About two miles Bast of Ajamansu is a conical-shaped hill msmg 500 to 600
feet above the level of the swirounding plains. Tt 1s surrounded by coarse
agglomerate with basic fragments and many scoriaceous ones. :Bhe hill itself
a%pears to be a plug of dolerite™ rising through the agglomerate. The rock com-
posing it is fairly fine-grained, grey to reddish in colour. Pannings in the streams
between Ntameda and Ajamansu gave nothing of interest, only very scanty black
sand and zircons, The debris from the hill Bast of Ajamansu yielded nothing.

n the Ntameda-Kpandu road there is no exposure of igneous material.
Fels;gxthic sandstones a,repthe only rocks seen, except at Dafo village, where red_chgh
sandy mudstones are exposed. 'The dip usually appears to be to the Hast, but is H’E
‘no case definitely shown, except on Agbonuhoi Hill, which is wholly composed o
veined and bleached felspathic sandstone of the usual type. Here the dip is to
the Tlast at about 50 degrees. ' ‘

West of Kpandu, however, the volcanic rocks agein outerop. The line of
hills upon which Kpandu Station is situated are of quartzitic sandstone, but the
" ground between them and the Volta is for the most part composed of 1gneouts}
material. On the road from Kpandu to Dukluja the igneous rocks appear abouh
“two miles West of the town. They seem to be lavas®, very vesicular and mucf
decomposed, with calcite amygdules, These occupy the surface for a distance df
one and a half to two miles, and then volcanic agglomerate appears. The hp_
of the lavas appears to be gently to the West, but this is very doubtfu}{. hIn"o 3
agglomerate only basic blocks were seen. On the slopes of a hill West of the xoa
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lavas seem to be overlylng the agglomerate. The agglomerate continues to be
exposed until about a quarter of a mile from Dukluja, when yellowish altered
shales appear, dipping to the East at 60 degrees or more. The unaltered shales,
purplish in colour, are exposed in the Ataulo River, 100 yards North of Dukluja.
‘Lhe shales near the agglomerate look baked and porcellanitised. North of Dulluja
the streams flowing from the voleanic ares into the Volta yielded practically
nothing but a little black sand and a few zircons.

The ground between the Kpandu-Dukluja road and the Kpandu hills shows
igneous rocks similar to those on the rond. Agglomerate begins to appear on the
lower slopes ol the hills West of Kpandu Station, and shows blocks of the basalt
with porphyritic felspars so common further North.

Along with the agglomerate are finer-grained much altered basic rocks®?,
possibly altered lavas, interbedded with nearly vertical sandstones. Three heds
ke this were seen with about 20 feet of sandstone intervening in each case.
About a quarter of a mile from this a lava'™ with large yellowish green blebs of
pyroxene is to be seen, An argillaceous limestone™ is to be seen in the tributary
of the Ataulo, which drains this area. Following this tributary Southwards a
succession. of altered lavas and tuffs is seen with coarse agglomerate in one place.
Then shales appear, similar to those seen in the Ataulo at Dulluja, and heyond
this no more igneous rocks are seen, but shales, slates, and dark sandstones,
apparently much folded, for the dip is very irregular, but principally to the Bast.
A short distance South of this are the Abessia Hills, of quartzite, lelspathic
sandstone and conglomeratef, and it seems almost certain that the outcrops
of the igneous and argillaceous rocks have been displaced Westwards by faulting,
for, as mentioned above, voleanic rocks are found at Adaho to the South west, in
the Volta River. The quartzites and conglomerates of the Abessia Hills dip Bast-
wards at a moderate angle.

The road Northwards from Dukluja along the left bank of the Volta was
followed as far as Sagada. Tor about a quarter of a mile North of Dukluja red
baked shales, much veined, are exposed. Then igneous fragments begin to appear.
Half & mile on there is much chalcedonic material containing calcite lying about
on the road. Then, immediately after this, we cross the Western shoulder of & hill
composed of coarse basic agglomerate with many scoriaceous blocks. No
porphyritic basalt was seen here,

Further on, at Dolumuko/, on the banks of the Volta, agglomerate is again
seen, Half a mile beyond this & vesicular basalt®™ is exposed showing lines of flow
by well marked lines of small vesicles. Near by, large vesicular spheroids appear
in a compact rock similar to the above. Near here & fragment of a basalt with
porphyritic felspars was seen. A mile further on a quartzite is seen in yellow
mudstones, vertical, striking North and South. Two hundred yards beyond this
grey mudstones are shown in & small stream. They contain quartzite bands,
strike North and South, and are very sharply folded. ~ The same grey mudstones,
very much contorted, are seen in the Boflu River half a mile further on.

_ Just after this igneous fragments appear on the road for a short distance. Then
sedimentaries again are seen. About bwo miles North of Agrama there is an outerop
of white crystalline limestone, with dark siliceous bands (reddish brown in colour)
traversing it from North to South. Immediately beyond this conglomeratic
quartzite appeaxs, with sub-angular fragments of granite, quartz and schist, up to
3 inches in diameter. Large pebbles are scarce. The pebbles lie in bands, After
20 yards of this appears a vesicular quartszite, possibly an arkose. Thence to
Kotobebi quartzite is seen. Between Kotobebi and Sagada there is only one
exposure, about a quarter of a mile North of Kotobebi. It is of quartzite. The
strearns along this route yielded nothing on panning. The Ossosoplini and several
other streams at Sagada gave nothing but abundant black sand. In the bed of
the Ossosoplini River were found several agates, probably from the lavas® and

a gi‘ltolzlrnemtes which are to be seen in the same stream and in the streams to the
orth.
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The road from Sagada to Ahenkro also shows igneous rocks, Ior two miles
from Sagada all the road has fragments of basalt, most of them very scoria-
ceous or amygdaloidal, with porphyritic felspars. Then, on top of a hill more
acid fypes are seen, namely, trachyte.™ 72 o

Beyond this nothing is seen until the Tsimakumaku River is reached, where
a very much decomposed basic rock is found. Two other streams, at about a
mile and a half further on, showed a rock like a decomposed do}ente or basalt
in appearance. Beyond this agglomerate of the usual type is seen in fragments on
the road for about half a mile, and then a reddish, fairly fine-grained igneous rock
is geen in a stream bed. It looks like a lava. There i1s nothing of note between
this and the Wurupong-Xpandu road.

From the above it is seen that igneous rock was encountered on every traverse
across the country between the Nkunya Hills and the Volta River. The fine-
grained pyritic rock seen at Odumase, on the Korumfenda-Wurupong Road, and on
the Ntameda-Ajamansu Road seems most probably a dyke. The agglomerate is
probably filling vents in some cases, and in others is ejected material interbedded
with lavas. No clear relationship between the igneous and sedimentary rocks has
been made out, but it seems almost certain that much of the igneous material
13 contemporaneous with the Buem rocks in which it occurs.

The tuffs, etc., seen below the scarp at Wurupong can hardly be other than
contemporaneous. What their relationship is to the igneous rocks of the plains
below is not clear. Ioert speaks of the Nkunya Range as a block mountain
system, which would imply faulting along the West scarp. Such an assumption
does not seem necessary to account for the facts, though it may be correct. If so,
the igneous rocks below the scarp may be the same as those in the Volta plains.
Otherwise the scarp group is of later date. Rocks exactly corresponding to those
under the scarp have not been seen in the plains however.

7., Tee Orr Basiv.

If a straight line be drawn from Akroso to Tutukpene and continued into the
Bo district to the North, it will show the Eastern limit of the OtiSeries in the British
zone of Togoland. West of this none but Oti rocks are to be seen in the Krachi
and Yendi districts. '

Low undulating park land characterises the whole area. There are practically
no outstanding hills, and the only touch of variety in the scenery is that occurring
along the valley of the Oti River. Here there is frequently a succession of terraces
leading up from the river flats to the level of the surrounding country, due to
differential weathering of the harder and softer members of 2 horizontal sexies of
rocks (Fig. 4). There is little dense forest except in thin strips along the river
courses.

Crossing the Asuokoko at Alkroso, where Buem beds are to be seen dipping
West to South-west at 20 to 40 degrees, there is no exposure until at about
a mile and a half to the North of Akroso, where coarse horizontal con-
glomerates are seen. They contain pebbles of quartzite, of Buem sandstone like
that seen in the Asuokoko and further South, and of granite or granitic gneiss.
The Sumansu and Bombata Rivers, several miles further North, gave no gold
and no black sand. Half a mile South of the Aboabo River much weathered
sandstone and a little conglomerate like that North of Akroso are exposed. The
Aboabo gave neither gold nor black sand. Just beyond this the road turns West-
wards, and here brown arkose is seen lying practically horizontal, Both here and.
half a mile to the West these arkoses contam sparsely scattered laxge pebbles of
quartzite, granite, etc, The rock is bluish grey in colour when fresh, i

The Danganu River, two and a half miles North of Apaso, gave nothing but
o few zircons on panning, and no rock f sits is seen wntil North of the Santrufi
River. Thence to Otisu flat arloses like those South of Apaso are seen at intervals.
At one place they contain a few pebbles of quartzite, phyllite and granite. A
much more argillaceous type appears about a mile South of Otisu. Most of the
streams between Apaso and Otisu were dry. Two of them on panning yielded
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nothing. The Oti River at Otisu gave no gold but abundant black sand. On
the banks of the river, half a mile below Otisu, green and blue fissile shales are
exposed, dipping very gently to the West. Upwaxds of 30 feet are seen. They
are most probably below the strata seen on the Apaso-Otisu road. Two miles
down the river from Otisu hard compact fine-grained sandstones Lie exposed on the
left banl, horizontal, ‘

On the Krachi road North of the Oti nothing is seen for about four miles.
Then Oti sandstones of the usual type outerop, with nolarge pebbles showing. The
Ajamassa River gave nothing on panning. Somewhat argillaceous sandstone
appears a little further on, horizontal. The Aboabo-Kuma and Aboabo Rivers
showed nothing, Between them Oti sandstones again appear. Much of the road
has laterite several feet in thickness on it. Hall a mile North of Dentemanso at
loast 100 feet of Oti sandstone are exposed on a hill slope. 1t is slightly current-
bedded in parts. One thin zone of large pebbles is situated about hali-way down
the hill. Otherwise the exposure is quite fine grained. Beyond this nothing is
seen until the Bonda River is reached. Here fine-grained horizontal sandstones
again outcrop. Above, on the hill-slope, coarse conglomerate is visible. Itformsthe
ridge running North-east and South-west from Krachi to Kpetsu. In the Volta
a2t Krachi the sane conglomerate is exposed, and below it appears the fine-grained
sandstone seen in the Bonda River.

On the road from Krachi to Tutukpene large exposures of coarse conglomerate
are seen about a mile out from Krachi. No granite pebbles were noticed here but
only quartzite, sandstone, slate and phyllite ones. Finer beds alternate with the
coarser ones. Between Abojero and Kpetsu the finer sandstones lower down in
the series are seen at several points, and these form the lower portions of the ridge
of small hills West of the road. The top 100 feet or so is of the coarse conglomerate.
Here discoidal granite®™ pebbles are frequent together with quartzite, gneiss and
sandstone ones.  One block of veined Buem sandstone measured 2} feet by 2 feet
by 1% feet, but this is much larger than the average.

The terraced slope from Kpetsu down to the Oti shows a succession of harder
and softer sandstone beds, some of them limy (Fig. 4). Near the bottom flagoy
sandstones, green on the fresh surface, appear. The dip is Eastatlessthan 5 degrees.
The Ot River is about 300 feet broad here. The river gravel, chiefly composed of
pebbles of Oti sandstone, gave a fair amount of gold. on panning and abundant
black sand. The same result was obtained at Danbai, further North. The road
between Kpetsu and Danbai shows very few exposures. At the Njamaneabra
River, about half-way between the two places, hard fine-grained sandstoneis visible,
dipping West at less than 5 degrees. Panning gave scanty black sand, plentiful
zireons, but no gold. Nearer Danbai weathered sandstones and shales are scen.
Between Danbai and Tutukpene only two exposures oceux, both in streams near
Danbai. The Jaraga River shows fine-grained well bedded shales, green in colour,
and associated with argillaceous sandstone. The dip is to the West at a low angle.
The other exposure, between this and Danbai, is of fairly hard fine-grained sandstone,
dipping in the same drection. The Jaraga gave neither gold nor black sand on
paming, Near Tutukpene fragments of Buem sandstones from the hills to the
Tast are common. A contact between the Oti and Buem rocks was not obtained.
An obscure exposure one mile South of Tutukpene shows weathered mudstones,
dipping East at about 30 degrees. They may belong to either series.

The road from Krachi to Yendi was followed ab a later date. Between Krachi
and Tariasso there are no exposures. The Kunto River gave nothing on panning.
A good deal of laterite is found all along the route, and quartzite pebbles from the
coarse conglomerate are frequently seen. The Chare (Tschare) River, north of
Tariasso, gave nothing on panning but zircons. A brown, fine-grained sandstone,
with cpocolat_e-colourerl mudstone fragments, lies horizontally in the stream bed.
Tt is slightly limy. Turther North, the Momata River shows soft marly shales with
hard sandstone above them, both flat. (Fig. 6). The outerops are concealed by
laterite in many cases. A little to the North of this the Volta comes to within half a
mile of theroad. It gave fair gold pannings, with moderate black sand and zircons.
Hard sendstone is exposed here and is probably below the shales in the Momata
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River. What is apparently the same horizon is seen on the road between Bafore
and Chindere (Tschundere). Beyond Chindere long lateritic slopes extend to the
Ponwe River. The Nkpabre River, four miles North of Chindere, gave nothing
but zircons on panning. The Bonwe, like the maj ority of the streams along the
route, was dry. In its channel horizontal well bedded sandstones occur, probably
Jower than anything seen between here and Krachi. The same rocks are exposed
in the Daka, two miles to the West. Just South of Bands similar sandstones
showing current-bedding are visible. Trom Banda to Kpandai only laterite”™ is to
be seen, except for one sandstone exposure North of the Gowa River. Thesame holds
good along the whole road from Kpandai to Nakpajile. Between Nakpajile and
Bimbila, sandstone similar in character to that seen further South is exposed. ISast
of Bimbila sandstone outcrops near Kukuo and on the slopes down to the Ot
River there. Panning gave abundant black sand, scanty zircons, much garnet,
but scarcely a trace of gold.

Between Bimbila and Pussuga there is much laterite, but weathered sandstones
appear in one place. From Pussuga to Langanja laterite is the only rock exposed,
except near the Nabulugu River where there is a small exposure of sandstone of
the usual type. DBetween Langanja and the Yendi boundary another exposure of
samdstone®™ is seen, and at Adibo still more appears dipping, if anything, to the
North, but practically horizontal. The same sandstones appear several times
between Adibo and Yendi. ‘

The Daka, where seen West of Yendi on the Sambu road, shows massive
brown sandstone. A little higher up some calcite veins and bands appear in the
sandstone, whilst a, quarter of a mile up the stream from the road, and a little higher
up in the succession, well bedded ripple-marked sandstones are exposed dipping
West at: less than 5 degrees. Panning gave a trace of gold but o black sand.

One mile Bast of Yendi more sandstones areseen, Here soft shaly beds overlie
about 15 feet of flat well jointed limy sandstone, greenish in colour. Below this
are more argillaceous sandstones, possibly 20 feet in thickness and passing down-
wards into more limy compact sandstone. Excellent water is obtained from shallow
wells dug in these sandstones, but nof in any great quantity.

On the Wapuli road, running North from Yendi only laterite is seen until
Patia is reached. Here a good brick clay* covers the ridge on which the town is
built. Tt is covered by laterite, but appears to extend over an area of at least 2
square mile, It is 4 feet or more in thickness. Thick massive sandstones, with
some softer argillaceous bands, appear just South of Sunsong, and aleo compose the
hills to the West of the town. ' Strata some 200 feet in thickness are exposed. The
road from Sunsong to Wapuli shows similar rocks at intervals. The Jamboa
River gave nothing but zircons on panning. In the Tanja River, North of Wapult
on the Sansane Mangu road, flat, well bedded, regulaxly-jointed brown sandstones
(green when umweathered) are to be seen. Two miles lower down the river are
horizontal green and grey shales with my bandst"™ about 8 feet of strata being
exposed. Panning gave only a few zircons. The tough green sandstones appear
on the slopes of the high ground to the North. Between this and Nafekele nothing
more is exposed. _

The Tupe River, North of Nafekele, gave only a few zircons on panning, and
no rocks are exposed in the vicinity. South of Nafekele, however, on the Gujoni
(Gudjoni) road a limestone band 7 about 1} feet thick occurs on the left bank of
the Tupe river amongst soft argillaceous Leds. It dips gently to the South. It
i%)pears to be composed almost entirely of calcareous sponge spicules. Just

orth of Gujoni a thickness of about 80 feet of strata is exposed on_the hill
slopes, mainly soft grey shaly beds alternating with harder sandstones. Between
Gujoni and Shangpong (Tschangpon) there is thick laterite. ‘

Trom Shangpong to Sambul the road passes along the terraced slopes bordering
the Oti flats. They show alternating grey shales and limy sandstones. The Ot
at Sembul gave no gold on panning, bub abundant black sand and garnet. The
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green shales and flagey sandstones here form cliffs up to 50 feet in height, the dip
being very gently towards the North.

Between Sambul and Demong the road is mainly over laterite. Flat sand-
stones are exposed in the bed of the Monjoch River. From Demong to Jankpima
(Djankpima) nothing but laterite is seen. Just past Jankpima, however, the ground
falls away steeply to the Oti flats, and about 200 feet of strata are partially exposed.
They are practically horizontal and are mainly sandstones, but near the top two
beds of a white to yellowish compact earth™ " are seen about 25 feet apart. Kach of
them is about 2 to 8 feet in thickness with sandstone™ above and below. They
were traced along the outerop to Kuaju, about one and a half miles to the South,
The material is very absorbent, weathering grey or brown. The Demong-Yendi
road shows few exposures, all of sandstone.

GENERAL GEOLOGICAL RESULTS.

The observations detailed above lead to certain general conclusions regarding
the geological structure of the country.

It seems very probable that the crystalline metamorphic series is quite distinct

from the Togo Series and forms a basement upon which the Togo, Buem and Oti
Series are built.

The observations supporting this are: (1) The Crystalline Metamorphic
Serijes is nearly always at a lower level than neighbouring rocks of the Togo Series,
and seems to underlie these, not only along the East Togo Scarp but in the Dsawde
Valley and in the Ho district. Where Crystalline Metamorphics are found at a
higher level than neighbouring Togo ones the field evidence independently suggests
either faulting or folding together of the strata as the explanation, e.g., at Matse
and Toji. (2) The rocks of the Crystalline Series are much more highly altered,
and this is not a gradual change with distance from West to East. (3) Often
2 distance of only 200 or 300 feet intervenes between exposures of typical basement
gneiss and typical Togo quartzite and phyllite. (4) The apparently large number
of intrusive igneous rocks in the Crystalline Metamorphic Series compared with
the small number seen in the Togo Series.

Rocks of the Crystalline Metamorphics, for which an igneous origin is presumed,
are seen in nurerous localities, e.g., at Matse, between Matse and Tshome, between
Safie/e and /fane, at Tokwe, between Palime and Poji, on Agu, Dijeti and feto.

Rocks which-are most probably sedimentary in origin also occur in many localities,

e.g., acid gneisses on the Ho-Palime road, schists at Kpatave, acid gnelsses below

the Togo Scarp, marble and basic schists in the Chra River, and acid gneisses in
the Amu River,

The planes of foliation nearly always strike N.E.-—S.W., sometimes rather
more to the North, and the Togo rocks strike in the same direction. As pointed
out by Koert the folding of the Togo rocks and the final folding of the Crystalline
Metamorphics were apparently simultancous, as shown by the foliation planes

being in concordance and by the varying heights at which the junction appears
to be in cases in which faulting is absent. -

The appearance of the country East of the Togo Range, as described above,
is such as has been by most observers described as that shown by a land surface
far advanced in denudation towards its base-level. This is the view taken by
Koert, and the scenery which characterises this peneplain can be matched in many
other parts of Africa. The writer is inclined to favour this view. The Toge Range
is a sedimentary series which probably once extended Hastwards over the top of
‘the Crystalline Metamorphics, It has not been subjected to any very great deform-
ing forces, for the folding is in most cases gentle, though in one or two cases, e.g.,
at Gemi Mountain, near Amedzo®, the folds are tilted over to the West
{Fig. 1). The faulting "also, though possibly reversed in some cases, does not
amount to anything like severe overthrusting,
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he metamorvhism of the Togo rocks appears to be more intense in the Adele
reniorﬁ than in tlfle Misahohe d%strict, what are phyllites in the latter being
pr?hctica,lly cohists in the former. Faults seem to be in two sets, striking N.—-3.
and E.—W. respectively. o o
The chief problem connected with the Togo Series, however, 1s its r_elgtmnshxp
to the Buew rocks further West. As Koert suggests, 1':]1@ presumption is i fafroilr
of o fault line along the foot of the Western Togo Scarp, bringing Buem 102 ﬁs
down against the Logo ones. Lithologically there is a distinction between rte
Touo and Buem rocks in the Dayi region, but this distinction is not quite so g:xs% ct>;
trace in the Tutukpene-Adele region. It is significant, however, that Hu lieli
Jistinguishes between the two series in Northern Dahomey. Nothing q}nted e
the felspathic sandstones or the jaspery quartuites of the Buem region 1s toun1 on
the Togo Range ; nor is there anything in the Togo Series to match the ﬁori%l om;E
erates with igneous and metamorphic pebbles which are found all along the 1 eo
hills from Soho to Tapa, or the phyllites with claygalls seen 1n the Tutu @enz
region. On the other hand, the degree of meta,mrcirphlsm of the Buem $er1e1 af
some places is practically as great as that of the Togo rocks—but t}ﬁls 1stno1 o1
so much importance. At present, in default of further evidence it 1s best to look
upon the two series as distinct. 5 Soses s tho veicanio dovelopment
! interesting feature of the Buem Serles is the voicamc ] \
in thﬁhﬁll?uorf;a. and Kp%ndu region. This has already been described in iieta}l
and is shown to lie along a definite zone, which suggests that the period of vo (?anl{e
activity was during the fist third or half of the time during which those Buem ;oz ];S
which are exposed in Togoland, were being deposited. The succession o ) e
Buem Series, travelling from West to Jiast, 18 probably interrupted by one or Wi)l
repetitions due to faulting, making the total thickness of strata ap]g')feml:t_mug
greater than it really is. Joert shows the Buem Series as cub out by faul n'::jgt];n
the Bo region North of Adele, in French territory, bringing Oti rocks up agamst the
Togo Scarp. . o . Tovel. 5 i
ccunied by the Oti is practically reduced to base-levei, as 18
shmvrlxl‘lhl‘;yc%]gi:t\fr{ngingpof theyriver, but the absence of hard rocks has prevefn‘ted
the formation of isolated mountains. Tt is nob necessary, however, to asscllme ; om
the facts at present known that this area has ever stood high since the deposition
o th’;h%::a ];(;an?é little doubt that the Ot Series is quite distinct from the Buem,
2nd much younger. They are seen within a mile or two of one another at some
places, but never in contach. The lack of alteration in the Oti rocks,hho%rever,
Yheir inclusion of pebbles which seem almost certainly derived frc?m 1{':;{:? l.lelirl,
their undisturbed nature quite near the junction, the original natu:.%3 of the rocks
themselves, the absence of volcanic activity n the vicinity of those Buem rzg;?lni
affected by such activity—all these, though of little weight singly, Sug}%fs :a{.’
the Oti Series is younger than the Buem, and probably rests unconf]grma, y (in it
The approximate position of the junction is shown by a scarp of 111em S1oc ;ﬁ n;
Togoland, but there is no such scarpl oilhth'_a Asll.a,ntl %}_%Z OSEG:ES XSL ?){';aiJ ; oclllue 1?0
— sical feature to mark the junction. L b
ﬁmlu{igiigg. n%tlig.l unally possible that the scarp existed prior to the deposition of the
Oil bect ' Tendi ially in the valleys of the
¢ low country to the Bast of Yendi, especially in the ¥ ]
strea%g?]}ll;: s??good deal of very fmetgrey cg iedéilis]til})rig\x;nhi%igi ::att%ﬁrsl g;;z ;1;2
surface during the dry season, somefimes 2 10 & 1& e,
%o be an aeolian deposit, perhaps caxzied some dxstaqce‘ y th cong;sted it
currents of air. A specimen examined under the microscope y
d grai 2 he Oti rocks themselves no sandstones
of angular to rounded grains of quartz. In, the Do e . e
ian derivation were seen, and the serles was probably lal
2:1;::;11;1 or fairly shallow ma,ri%e cgilditions. A ripple-maxked sandstone was seen
i iver channel at Yendl .
" th%ﬁgaé{:n?s and gravels which oceur in the Southern portlonaof hi'ihi LOII(L)ef
»clistrict, for a distance of 15 to ?10 mil{?_s mxzz}éds ofil-j(;)nellfxlfi?; co%;t,1J 1:5:3 A;’; 0}(:0]{?211&
were not examined, as time did n it :
Ei';f:f 11':ixr};-,);.};se,’bsmks of gravel and clay are to be seen some 20 or more feet above
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the usual height of the river during the wet season. Such occurrences are not
really frequent however, and did not lead to any generalisation. Usually, decayed
vegetation and the mud derived from it cover the area which is subject to the
seasonal floods, and conceal anything of the nature of a terrace which may
happen to exist.

"WATER-SUPPLY.

The following notes may be found useful, but, as in most cases each locality
mentioned was visited only once, certain reservations must be made depending
upon the season during which the place was examined. Also it should be noted
that the year during which the observations were made was an unusually dry one.

The distriets will be considered under the same headings as for the geological
descriptions.

1. Tue Country IasT of THE Togo RANGE.

The towns and villages along the foot of the Togo Scarp have rarely any
difficulty in getting water, as even at the end of the Harmattan season there is
still water in the larger streams coming from the hills, the Aha at Palime, the
Todshi at Nyive, the Kalagba South of Ho, and the tributaries of the Shio between
Palime and Sodo. Damp fogs hang round the higher peaks of the Togo Range
even in the earlier months of the year. It is when we go South-eastwards over the
open plains that shortage of water during the dry season is felt severely.
Along ‘the railway line from Palime to Tome for example, the supply of water is
very poor, and at many places, e.g., Assahun, laxge earthenware pots are used to
store water in, forming excellent breeding-places for mosquitoes.

A German observer attributed the dryness of the Nuatja region to deforestation
by the natives, but it is doubtful if there was really thick forest there at any
comparatively recent date.

The streams flowing from the Togo Range are fairly clean when they fixst
reach the low ground, but are quickly polluted by decaying vegetation and by the
natives.

Tt is rather curious that along the foot of the Togo Scarp, in the region just .

North of Sodo, goitre is extremely common. - It was not observed elsewhere.

9. THE Toco RavceE SourH oF MISAHOHE.

The general remarks made above about the country just below the Togo
Scarp apply also to the Dsawde Valley. The low country immediately to the West
of the Togo Range is also similar as regards water-supply.

Tn the hills the principal towns axre near streams which can be relied upon to
flow during the whole year, e.g., /ane, Biakpa, Kpoeta, and Tomegbe. Amedzo/e
obtains water from a stream just outside the town, near the Mission Settlement.
It is not in a very good position to avoid pollution, as there are huts on the ground
above it. Several small streams cross the Amedzofe-Bialpa road.

3. Tar Davy Prarmavu.

This area was visited during the latter part of the wet season, and nothing
can be said about the water-supply during the dry months. The Dayi and its
tributary, the Tonyo, would certainly not cease to flow however. The water on
the platean seems clear and good, and in most cases the water-drawing places
happen to be where there is less risk of pollution than is usual in the case of the
watering-places of villages. ‘

4. Tae Apnie anp Turureent HigHLANDS,

_The water-supply is faixly good over the whole area and does not seem to fail
during the dry months. No falls with a volume of water sufficient for use in the
production of power were seen in the course of the traverses in this region. There
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are falls on the Asuokoko, about fifteen miles South of Bismarckburg, but time
did nob avail for a visit to them, and the natives professed themselves unable to
give any information regarding them.

5. Taz Davi VALLEY.

Here, as clsewhere, the chief towns are near the larger streams, Pekipong
and Lolobi on the Dayi, Kolenu and Fodome on the Kole. The tendency of .1_;he
villages on the Akpafu Hills to be abandoned on account of the difficulty of getting
water has been already noted above (p. 9). -

Kpandu obtains much of its water from wells in the valley below the Station,
but during the early part of 1919 the wate -supply was so poor thatb they. lc}Lad to
carry much from the Volta and the Dayi. The water in the springs referred to 18
not very good, and there is great risk of poliution.

Generally speaking, the water-supply is bad in the smaller towns and villages
during the earlier part of the year.

6. Tae Nxunva AND KpaNDU VOLCANIC AREA,

The water-supply is not good along the Kpandu-Akroso road during the dry
season, and at thlg %ime.thegsprings along the Nkunya Hill scarp only flow fc&r
a few hundred yards from their sources and then disappear into the ground.
Wurupong, for example, the head town of Nkunya, obtains its water from a stl’ea,}?l
flowing from the scarp to the ast of the town, but except towards the end of the
rains the water is all absorbed by the ground before 1t has reached the low cqux}tx'j]L?.
Kwamikrum on the Konsu, and Akroso on the Asuokc_ﬂco,_ have a 1e11a1'313
and much better supply of water. Tapa t0 the North-east is high up on the hﬂhs
and is not well supplied, but Worawora, further East on the lower ground, isnear the
head of one of the main tributaries of the Konsn, and 13 well provided for.

7. Trae OTr BAsIN.

The traverses in this area were made during the months of Janusry and
February, after an exceptionally light rainy season, and the water-supply in maﬁy
arts was very poor. The Krachi-Yendi road, on which or near which practically
a1l the chief towns are situated, passes along a water-shed for a large part of the way,
and the only sources of water-supply during the dry season. are stagnant pools in
some of the stream beds, the quantity being small and the quality very poor. .In
the eyes of the native, however, its v1§tc;smy appears to be a redeeming feafure,
making up in some degree for its scareity. . .
A]?asﬁ, Otisu and Krachi are, of course, well supplied. Thence to Yenﬁl thle1
water is bad. Yendi itself is fairly good, for the Dala is near at hand—l—t ou%
this river was only a disconnected line of pools when visited. 'There are a so};wrl(; ?; :
in the limy sandstones about a mile Bast of the town which yield a small bu
excellent supply of water, free from tastehang smgll. e vaining Tast
- oni and Shangpong, in the flats South of a stream. Aram )
are g:&;egie%ﬂr water-holesgg{uggthrough the thick laterite which covers laggi
areas of the district. They are usually about 2 feet in diameter at thfe 1]:10p, tﬂ
widen out below to a diameter of 10 feet or even OIS, In several o tl em 2
water-level was about 12 feet from the surface, The Gujoni watexr-supply ;s god
from these wells, and there axe many others all over the district. It waas not m’i‘]i
possible to ascertain whether or not; the wells are in laterite all the wa,yit ownL. - ei
invariable widening out at the bottom suggests that they are In sober n:la, r]1;1.
there. They do not seem, from inquiries that were made, to have e{:a_n %g ! 13{
the present generation of natives or even by those of one or two generations back.

i ' i the water-
Along the Oti Valley, e.g., at Sambul, Palba, Demong and Gnani )
=supp1y(;§gassuied during Ihe gry season, bub may be a source of annoyance during
rains when the river is flooded.
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LATERITE IN TOGOLAND.

A few deteils regarding the distribution of laterite in the British zone of
Togoland may prove useful. ' . .

The bauxite® on Agu, which has been examined by Mr. Kitson, is the only
deposit of its kind known in the area in question. All the other laterite deposits
which were seen are of the ordinary impure type which is found along the courses of
the great majority of streams in such climates as that of West Africa. An
occurrence at Bismarckburg suggests a means by which such bauxites as that on
Agu might be produced. It will be dealt with in more detail later (p. 41).

Trom Pode to Sodo, along the foot of the Togo Scarp, patches of laterite appear
in many of the stream banks, but in no place does it cover any large area. In the
country Hast of the Togo Range few traverses were made, and consequently the
information is scanty. It is not seen in the forest-belt along the course of the Amu
between Launru and Amukpa., This is probably due to the level of the ground-
water in such belts never heing lower than the surface of the ground. It is
noteworthy that on. the road from Glei to the Chra River marble deposit there is
much laterite on the low ground near the Chra River (ground probably swampy
during the wet season), but the laterite ceases abruptly as soon as the forest-
belt along the river-course is entered. The underlying rock is gneiss or hornblende:
schist.

No development of laterite was observed in the higher portions of the Togo
Range South of Misahdhe, but this is not surprising, as there are no comparatively
flat stretches of ground, all the slopes being fairly steep. On the Dayi Tlateaun
there is very little indeed, in fact only one oceurrence was noted, just outside
Basagbe, and in this case lateritisation was merely incipient.

In the Dsawde Valley less laterite was encountered than had been expected.
Very little indeed is to be seen on the Matse-Tshome road until near Tshome.
South of Todome, below the scaxrp on the Kpeve road there is quite a large number
of laterite blocks to be seen, probably brought down from higher up the slopes.
None was found on the hill-tops however.

There is not a large amount to be found in the Dayi Valley; the ground is
probably too continuously damp. A fair stretch exists on flat ground between the
Dayi River and Ahave on the Vakpo-Abaveroad. There is alsoa good deal between
Liati and Atafong on the Akpafu road.

It is not very common near the Kpandu Range nor, generally speaking, in the:
Kpandu and Nkunya districts, though many of the streams show a little.

North of the Asnokoko, however, we enter a well lateritised area. All along
the main road from Akroso to Wapuli in the North of the Yendi district laterite
is to be seen, sometimes in small patches, sometimes completely covering long
stretches of the road. Some very pisolitic material is found at Wulenchi (Wulehe-
Sochani). In the Eastern part of the Yendi district there is also much laterite.
Reference has already been made in the water-supply section to the water-holes at
Gujoni. The laterite here is possibly 6 to 8 feet thick. Along many of the streams.
in the district similar stretches of laterite are to be seen. The Palba-Demong
road is covered with laterite in many places, whilst at Sambul the clifis bordering
the Oti have laterite on top of them, 50 feet above the river-level. This, however,
is probably not in process of formation at the present day. With that found on the
river flats and on the tops of the long ridges on the Krachi Yendi road the case is
different, for these axre at present in process of formation, favourable conditions for
the production of laterite existing—whatever these conditions may be.

Bast of Krachi we find much laterite on the Danbai-Tutukpene road, on the
flat ground beyond the Jaraga River forest belt. There is not much elsewhere
on. the Krachi-Dadiasi road.

The Adele Highlands show extensive lateritised™ areas, and Bismarckburg
affords a good example of what appears to be laterite in process of formation.
Nothing was seen in Togoland to indicate that laterite has any special connection
with any type of rock. The distribution of laterite is quite independent of
the petrological nature of the underlying rocks.

A—

¥ Turther details about the rocks numbered thus are given in Appendix 1.
* Tor Analysis see Appendix IL (h)
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The Bismaxckburg occurrence is illustrated in the section given through the
hill on which the Station is situated. (Fig. 5.) Travelling Northwards from Yege
the ground is covered with light coloured altered schists until we get to about half a
mile from Bismarckburg Station. At this point the road begins to rise at a moderate
inclination, and continues to do so until about 200 yards from the Station, when
the slope becomes very steep. It is on this moderately inclined slope that the
lateritic deposits are seen. The top of the hill shows exposures of weathered schist
or phyllite with numerous lenses of quartz.

At the top of the lateritised slope, at an elevation of about 40 feet below the
station, there is hard siliceous laterite, brown in colour, and this covers the ground
for about 600 feet along the road towards Yege. The thickness was nob seen.
Next comes about 450 feet covered with softer, semi-consolidated laterite, less
siliceous than that above, and dark brown in colour. Then follows about 900 feet
of dark ted earth, over 8 feet in thickness in some places, merging down-
wards into weathered schist. Beyond this on the road is the light-coloured
weathered schist seen in so many parts of the distriet.

A similar succession is seen on the Northern side of Bismarckburg, on the
Kejenke road. It is on the gentle slope of the hill between that on which the
Station is built and the Lalango River.* In both cases the long stretch of red
earth below the laterite proper is noteworthy. The different zones shade into
one another, making it probable that they are only different phases in the
process of lateritisation. '

By picturing the result of denudation-processes applied to such country as
the Bismarckburg area, the distribution of such hauxite deposits as are found on
the tops of mountains in different parts of West Africa seems explicable. Large
blocks of bauxite are sometimes found strewn over spurs of the hills which are
capped with bauxite. Also hills near the bauxite-capped ones, and of the same
height or higher, are frequently devoid of bauxite. The bauxite-capped hills seem
to be developed from the areas of gentle slope on the original plateau, eg.,
the hill between Bismarckburg and Kejenke, and other flat laterite-covered areas
to the North and Hast of Kejenke; whilst those peaks devoid of bauxitic or
latelrfitic material are presumably what is left of the hills similar to Bismarckburg
itself.

The above remarks, however, do not claim to do more than show a possible
connection between the bauxite of the mountain-tops and the ordinary laterite
of the country.

AKPAFU IRON ORE DEPOSITS.

Alcpafu is situated in Lat. 7° 16’ N., Long. 0° 30’ BB,, on a line of hills which has
been described above. The iron ore is associated chiefly with the quartzites
and appears to occur in brecciated areas, possibly along a line of dislocation. The
three localities described below lie approximately in line and suggest the ocourrence
of a fault line running North and South.

The localitios mentioned are as follows : (1) About two miles North of Akpafu,
in a valley looking East. Six or more holes had been dug to a depth of over 15 feet,
and were arranged thus :

o
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*  Jor Analysis seo Appendix IL (4).
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Below them on the steep slope is an adit, as shown, and the holes appear to
be connected underground. _

Tt is many years since the mine was worked, and the workings have fallen in.
An attempt to clear the mouth of the adit showed much fallen ground. The
material exhibited by an old native as having been got from this place was poor,
certainly not over 20 per cent. iron. No trace of good ore was seen in the vicinity.
Some of what was gob may have been lateritic, as is almost certainly the case in a
recent hole dug about a quarter of a mile further South.* This remark does not
apply to what was got af the bottom of the deep holes however.

(2) About half a mile North of Akpafu along the Teteman road, 100 feet or
50 below the road, on the side of the hill.  The workings here are the most extensive
which were seen, and are reached by means of several adits running into the steep
side of the hill and dipping at from 0 degrees to 16 degrees. These adits reach
one continuous working-face, irregular in outline, 20 to 30 feet in from the mouths
of the adits. The working-face is 1 to 4 fest in width and appears to be 150 feet,
or perhaps more, in length, but the roof has caved in at several places. By the
appearance of the workings the ore seems to be in irregular brecciated areas in
the quartzite and hardened sandstone which form the surrounding country. These
rocks dip Eastwards at from 40 to 50 degrees. Several samples were taken
from the face, but everything seen was of poor quality and worth nothing
from the European point of view.t

(3) About half a mile Bast of Akpafu, on the Baika Road, in the valley of the
Otupasso River. A vertical shaft goes down for 12 to 15 feet, and from the bottom
of this a drift leads into the side of the hill for a distance of about 50 feet, varying
in width from 6 to 9 feet. Samples were taken, but as in the other two instances,
the material seen was not of economic value.

Very near the second occurrence is an old bank of furnaces which have been
used ab some time for smelting the ore. They were built of earth from ant-hills,
according to the guide, who was an old man, and said he remembered their being
used when be was young, There is very little left of them now. Six furnaces
are to be seen in a row, and a good deal of slag is lying about, but no oxe.

The iron ore seen occurs in cracks and fissures in quartzite and hardened
sandstone, and is very siliccous. Here and there a little manganese oxide is seen.
Most probably the deposits are due to concentration of the iron from the bleached
rocks in the vicinity along a line of brecciation and movement, by means of
percolating waters.

CHRA RIVER MARBLE DEPOSIT.

The position of this deposit is about four and a half miles East of the Kpele-
Atfakpame boundary, in Lat. 7° 14’ N., Long. 1° 03’ E. It is situated in the bed
of the Chra River about 12 miles South-west of Glei on the Lome-Atakpame railway
line, and about the same distance (12 miles) up the river from Chra village. 1%
is reached by bush-track from Glel through open park-land. The surrounding
country is flat or gently undulating. '

. Geologically, the deposit occurs in the crystalline metamorphic series. The
district is for the most part composed of a muscovite and biotite gneiss, well seen
near Glei and along the course of the Amu River. Planes of foliation are usually
nearly vertical with strike N.E.~—S'W. .

Three exposures of marble were observed, all in the bed of the Chra River.
The bank of the river is about 20 feet high on either side, and the ground rises
beyond— gradually on the eastern. side, more steeply on the western.

The main bed® is about 55 feet thick with a dip of 79 degrees at 312 degrees
(magnetic) and runs obliquely across the river-course. It is greyish white in colour,
tough and of even texture.} It is nearly pure, but has subordinate tremolite in some
places. It shows definite planes of jointing, An endeavour appears to have been
made by the Germans to trace this bed Westwards, as is shown by a number of
prospecting pits, now fallenin. Some of them could not have been less than 20 feet

) Purther details about the rocks numbered thus are given in Appendi
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in depth. A native who had been working on these pits said that they did
not find any white stones in them, but little reliance is to be placed on this
statement. No fragments of marble were found around the pits however, the
debris being green schist chiefly. o
The second bed is about 100 yards further up the river, and the exposure in
this case measures 20 feeb across the outerop, dip greater than 80 degrees ab 124
degrees (magnetic). The marble is similar to that in the main bed. Several blocks
found near here had much tremolite in them, as crystals scattered throughout the
marble®,
The intervening strata are hornblende-schists®” showing the same strike as
the marble, but too much contorted to give a definite dip for the foliation-planes,
The third exposure is some 50 yards higher up the stream than the second,
and is only poorly shown—possibly about 10 yards are exposed in. the stream-bed.
Tt is the same as the other beds in quality and appearance. The strata between
the second and third beds are not exposed. In all possibility there are other beds
of marble exposed in the stream, but time did not permit of further investigation.
Just West of the main bed an endeavour had been made by the Germans to
calcine the marble in a kiln made out of an ant-hill. Some of the burnt lime was
still lying about. ' . o
As Ttegards the origin of the deposit, the evidence as shown in the
above description malkes ibalmost certain that the strata in question were originally
sedimentary, and this may apply to a very large part of the strata of the whole
district. The intense metamorphism which the rocks of this series have undergone
males it difficnlt, or impossible in many cases, to come to a conclusion regarding
their original nature. o o
The chief question from the economic point of view is the lateral extent of
the marble, and there are no surface indications to guide one in estimating this.
Tt should be noted that there is no difficalty in the way of transport, as Glel is
within easy reach over flat country, in which a road could easily be made and
maintained. Glei is in direct connection with Lome and Atakpame by rail.

DJETI CHROMITE DEPOSIT.

Djeti is a hill situated in Lat. 7° 23’ N., Long,. 1° 05" ., and is the Northern-
most of 8 line of peaks running North and South. Tt is most easily reached from
Dadja (on the Lome-Atekpame railway line), from which place it is about nine
miles o the South-west. The nearest village of importance is Amukpa, about
three miles to the North-east, on the opposite side of the Amu River, '

Northwards the ground falls away from Djeti to the Amu, about two miles
distant, and beyond are the Amukpa Hills. To the West a fairly flat area—the
Amu Valley—stretches right across to the Togo Mountain Scarp, a distance of
12 to 15 miles. Bastwards several hills intervene between Djett and the flat or
undulating country which forms the basin of the Monu River. The German map
is not relizble as far as the positions of the hills in this region are concerned.  The
country is fairly open park land, except near the rivers, where there is thick forest.
Djeti itself is chiefly covered with grass, except the top, which is wooded. It
stands aboub 550 feet above the average level of the country below. ]

The district in which the deposit oceurs has already been deseribed, the chief
rock being a hornblende or biotite gneiss®, which is well exposed in the Amu
Rrver at Amukpa. . .

The position of the deposit is shown at A on the accompanying sketch (Fig. 8),
which is paxtly copied from Koert’s sketch map of the locality. A portion of the
eastern sidle of the hill is composed. of massive quartzite. The rest appears to he
serpentine®®, greenish to yellowish in colour and accompanied bg much tale, and
here and there common opel in veins.” Two pits at B, on the South of the hill

showed tale-schist as far as sunk (about 8 feet).

The chromite-bearing area is on the North-eastern slope and does not appear
to oceupy more than an area 50 to 100 feet square. Qutside this areano chromite
was seen o situ during the visit. Several of the old prospecting pits were reopened

®2, (8, 2o, Turther details about the rocks numbered thus are given in Appendix L.
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and the ground on some other paxts ot the hill was cleared. The pits in the chromite
area showed patchy ore, but no really good ore-hody was disclosed. Much of it is
an intimate mixture of chromite with chlorite and sexpentine. The chlorite present
is mainly a chrome-bearing one showing a fine violet colour in hand-specimen.
The chromite®® occurs in this chlorite in broken crystals, different parts of the
same crystal being separated by chlorite, as if the chromite had been brecciated and
then chlorite had formed round and between the fragments of chromite.

Two small streams drain through the chromite area, one towards the Noxth,

the other towards the North-east, and it is in these that the most satisfactory

ore is to be seen. Their beds are strewn with a large number of blocks of good-
quality chrome-ore for some distance below the deposit. Following these streams
down we come upon an actinolite-schist*” striking North and South and dipping
to the West at a variable but steep angle. The contact of the serpentine and
the am}ﬁhibolite is not a sharp one. The former seems to be intrusive in the latter,
and to have penetrated it in cracks and fissures. Much of this may have been done,
however, during the alteration of the original intrusive rock to serpentine.
__Bections of the schist show that it consists almost entirely of actinolite crystals
in sheaves, accompanied by a little clear interstitial quartz. The serpentine near
the chromite area containg a lazge amount of tale and chlorite, and there is sometimes
much fine powdery chromite scattered through the tale and other constituents.

The serpentine is probably derived from a peridotite which has been intruded

mmto the schists and quartzites of the Crystalline Metamorphic series. It does.

not appear to have the schistosity of the district imposed uponit. This may be due
either to its having been intruded at a later date than that during which the regional
metamorphism took place, or to serpentinisation having taken place after that
period, as the expansion in volume on alteration of the olivine into serpentine
might essily cause the masking of any characters imposed upon the mass at an
earlier time. If the view of an infrusive peridotite be adopted, we are immediately
led, as in the case _0]': the vast majority of chromite occurrences, to the conclusion
that the ore deposit is the result of segregation of the chromite from the intruded
peridotite, and the examination in the field upholds this, eg., the apparently
elliptical shape of the peridotite mass and the irregular and patchy chazacter of the
ore ocourrence, near the margin of the intrusion.

The first reference to this chromite deposit appears to be in a report by Koert,
dated October, 1907. Several prospecting pits were sunk about that time and
samples of the ore sent to Germany for analysis. DMuch correspondence was carried
on regarding the economic possibilities of the ore, but-almost nothing else was done
as the deposit was not considered worth working.

As regards the economic value of the deposit, the ore is undoubtedly
of marketable quality. The German analyses of samples taken from five different
prospecting pits in the chromite-bearing area are as follows :

1 2 3 4 b
0}‘2 0, 371 39:3 40-0 417 36+4.
Si O, 87 56 3-7 1-8 69
Mg 0 197 196 191 21-0 20-8
Al O, 18-9 196 22:9 22-6 237
Te O 14:9 14:9 136 122 11-8
Ni O 0-7 0:8 05 0-6 04
S0, trace. 0-04 0:04. 0-07 0:07
P, O, trace, trace. trace. trace. trace.

These analyses show the ore to be suitable for use in the iron and st
_ cel trade, though
probably not of sufficiently good quality for manufacture of chemicals.a &t

(£d),

#1 Turther details about the rocks numbered thus are given in Appendix 1.
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Nothing can be said about the quantity of ore procuzable. Small proppecting
its are not likely to give very much information in proportion to the time an
Tabour spent on them. Boring is more efficient, though even this method is not

wholly satisfactory for such types of deposits.

In connection with the prospects of this ore, the possible development of the
Banyeli iron ore, North of Bassari, in the future is noteworthy. A source_of
ohromium near at hand, even if not of the first quality, would be an appreciable
oaget in such circumstances. A little gold was found on panning the stream draining
North Bastwards from the deposit, but not enough to be of any value. No trace

of platinum was found. o ‘

Transport would not be easy between Dadja and Dijeti without some little
attention to roads, 'The road to Dadja is only a bush-path, and much of it through
rough country. Two considerable rivers, the Amu and the Amukpa, each over
50 feet in width, have to be crossed. The Amulkpa has o bridge, the Amu merely a

native foot-bridge. .

It is not worth while examining the Dijeti deposit in more detail ab present.
The small total size of the intrusion makes a large chromite segregation improbable.
If the Banyeli iron ore is exploited, it might be advisable to test the Djeti area

further.
ACKNOWLEDGMENTS.

his renort would not be complete without an acknowledgment of the debt
whic% the wlrjiter owes to Mr. A. I, fﬁtson, 0.B.E., under whose direction the WOI.'k
was done. His kind and willingly given help on all needful occasions, not only in
connection with the business of the tour, bub in many other and more personal
matters as well, and his wise criticism and counsel, make this debt greater than

can well be put into words. ' . '
For facilities granted and assistance given in connection with the work in

Togoland the writer wishes to express indebtedness to Major Rew, Officer in

Command of the British Forces, and also to Mr. H. S. Newlands at Lome, to
Captain Mansfield at Misahohe, to Mr. R. S. Rattray, M:B.E., at Kete-Krachi and.
later at Misahdhe, to Mr., R. Brace Hall at Kete-Krachi, and to Mr. Castellain at

Yendi.

-I



47

- APPENDIX L

The following notes upon the rocks mentioned in the Report do not claim to be detoiled des-
criptions, but they will give some idea of the types which were meb with :—

(1) P. 11. Muscovite and Biotile Gneiss.—Large rounded crystals, up to half-an-inch in diameter,
of fairly fresh acid plagioclase, surrounded by sheared granular quartz, acid plagioclase, and muscovite
and biotite, with subordinate epidote. The whole rock is much sheared.

{2) P. 11. Pyroxenite.—A Lolocrystalline aggregate of diallage and hypersthene in roughly
equal proportions. Both constituents are nearly fresh. The diallage individuals are up to half-an-
inch in length. The hypersthene crystals are rather smaller, and hypidiomorphi¢ in many cases.

(3) P. 12. Quartz Mica Norile—A medium-grained rock of granitic structure, condisting of
plagioclase (labradorite), with hypersthene, augite, biotite and quartz. About half the rock
is plagioclase, with pyroxene, biotite and quartz making up the other half in approximately equal
quontitics, the pyroxenc predominating.

. (&) D. 12, BMuscovile and Biotile Gineiss—A lolocrystalline aggregate of orthoclase, muscovite
and biotite. 'The orthoclase has numerous small inclusions, and is in individuals up to about 10 mm.
in diamefer. The muscovite and biotite are intimately intexgrown. They are accompanied by
much caleite. No quarts is to be seen.

(5) P. 12. Epidote Biolile Gneiss.—A rock very like (4), but with epidoto in small laths, taking
the place of the muscovite. There is much more biotite than in (4).

(6) . 12. Hornblende-Sehist.—A dark green schist consisting of hornblende in crystals up

to 1% mm. or more in length, accompanied by some chlorite.

(7) P. 12. Eclogite, or Garnel-Amphibolite~~Large crystals of pale green hornblende and
of epidote, up to 16 mm. in length, in a ground-mass of small hornblende and garnet orystals, the
whole somewhat sheared. The epidote crystals enclose small rutiles and garnets.

. (8) P. 12. [Eclogite. A coarse-grained holoerystelline aggregate of green homblende, zoisite,
diopside and garnet. The zoisite is in large lath-shaped crystals. The hornblende and diopside
show no dofinito form and are somewhat decomposed. No quartz is to be seen in this specimen.

(9) P. 12. Eclogite—Similar to (7) and (8), composed of green hornblende, in individuals of
sl sizes, and garnet. 'Lhere is also o little diopside and calcite. No quartz is to be scen.

(10) P. 12, Muscovite and Biolile Sehist.—A finely granular crystalline aggregate of quartz
and orthoolage, with much muscovite and brown biotite, and subordinate cpidote. The micas
show distinet directional arrangement in thin section.

(11) P. 13. Hornblende-Schist—Tho chief constituont is a green hornblende in elongated
crystals up to 10 mm. in length, and showing distinet directional arrangement. Orthoclase is
subordinate, in crystals which are sheared round the edges. Quartz occurs interstitially.

o (12) B 18 Epidote-Schist.—A well-foliated rook, medium to fine-grained, containing horn-
blonde, quartz, epidote, muscovite, biotite and orthoclase, intimately mixed. All the constituents
aro olongated along the folintion-plancs.

(18) P. 13, Biotite-Gneiss.—A medium-grained holocrystalline aggregate of quartz, an acid
plegioclase, and green biotite, with some titanite, In places it contains & good deal of cpidote.
Not much trace of shearing is seen in thin section.

(14) P. 13. Biotile-Gnetss.~—This rock contains large individuals of plagioclase (albite or albite-
oligoclase) up to Lalf-on-inch in diameter, without crystal outlines, along with which is subordinate
quartz showing mortar-structure. Biotite and epidoto are subordinate. Some orthite is also present.

(15) P. 13. DBiotite-Gneiss.—A holocrystalline aggregate of quartz, felspar and green biotite,
with varying amounts of epidote. The felspar is chiofly altered plagioclase. A little orthite also
oceurs, '

(16} P. 13. Garneliferous Hypersthene-Geiss. A shoared ageregate of quartz, felspar and
hypersthene. This last hns in mosb cases & kelyphitic border. The felspar is an intermediate
plagioclase. At other places the quartz and garnet are absent, or only one of them appears, whilst
green hornblende is present in some cases.

(17) P. 13. Biotite-Gneiss.—A moderately fine-grained rocl consisting of highly altered plagio-
clase (probably oligoclase) with much green biotite, & little muscovite, and & good deal of titanite
and epidoto. Quartz is subordinate. No distinet banding is shown in thin section.

(18) P. 13. Biotite-Gneiss.—A shoared crystalline agerogate of acid plagioclase and. greenish-
brown biotite, with subordinate quartz, epidoto and titanite. Very like (17), bub coarser grained.

(19) P, 13. Pyrozenite~Vory like (2). The proportion of orthorhombic to monoclinic pyroxene
vories groatly,

(20) I. 14. I.Emenite.—-lrregular brocointed masses of ilmenite in much shented quartz.
Thore js much soricite along with the quartz. The ilmenito encloses numerous tiny oxystals of

pyroxono.
TA
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(21) P. 4. Bivtite-Gnoiss.—Very like (18), but coaser in grain.

(22) P. 14, Tremolite-Gneiss—-An irregular sheared aggregate of plagiodlase (albite to oligo-
clage) in individuals up to 8 mm, in dimmneter, with quartz and subordinate tremolite and sericite.

(23) P. 14, Amphibolite.—An irregular agaregate of green hornblende and epidote, togothor
with a little augite and titenite. There is a good deal of iron ore. Homblende forms over 80 per
cent. of the rock.

(24) . 14. DBiotite- and Hornblende-Gnedss. Vory like (18) and (21). In some places tho chiof
ferromagnesian mineral iz hornblende.

26) P. 14, Zoisite-Schist—-Elongated crystals of zoisite and green hornblende surrounding
eyes of felspar (probably an intermediate plagioclnse). The hornblende and zoisite crystals all lis
in one direction.

(26) . 14. Muscovite and Biotite Gneiss. A medium-grained granitic aggrogate of quartz,
felspar (chiefly albie-oligoclase) and mica. The rock is somewhat sheared. Both muscovite and
biotite are present in fair quantity.

(27) B. 14. Muscovite and Biotite Gneiss. A medium-grained rock, consisting of individuals
of plagioclase (albite to oligoclase) up to 10 mm. in diameter, in o mass of smaller grains of folspar,
quartz, biotite and muscovite. There are numerous small garnets scattored through tho rock.

(28) P. 15. Limonitic Breccia. White quartz and quartzite fragmenta cemented by ferru-
ginous material.

(20) P. 156, Biotite-Gneiss.~A. coarse-grained granitic aggregate of altered plagioclase, ortho-
clase, quartz, and green biotite. This last is intergrown with a good deal of epidote.

. (30) P. 16. Biotite-Gnefss. A granitic aggregate of quartz, highly-altered plagioclase, fresh
microcline, end green biotite. In some places there is a fair amount of titanite.

(31) P. 16. Limonitic Breccrw.—Similar to (28).

(32) P. 16. Hornblende-Gneiss—A coarse-grained granitic agoregate of felspar, quartz, horn-
blende und muscovite. The felspar is almost completely altercd and the hornblende is bleached

except in the centres of the crystals. Some parts show a good deal of fresh microcline. There is a
good deal of epidote.

(33) P. 16. Gabbro.—A medium-grained aggregate of plagioclase and augite, with much iron
ore. The felspar is mainly in lath-shaped crystals. The rock is much altered.

B4 . 17, Museovite and Biotite Gneiss.—Similar to (4). Some of the caleite is tuil of tiny
rutile crystals.

(35} P. 17. Biotite-Gnedss.—A granitic aggregate of felspar (probably plagioclase) with green
biotite and some augite. There is much secondary hornblende and some qua.rli. Thcz felspufr and,
angite are much altered. Possibly the rock was a biotite gabbro originally.

_ (38) P. 17. Hornblende-Lamprophyre.~A. finc-grained dyke-rock consisting chiefly of green
hornblende and brown biotite, with much iron ore. Felspar is subordinate and most of it scems
to be plagioclase.

687 P17, Biotite-Gneiss.—A coarse-grained granitic aggregate of quarts, and an intermediste
plagioclase, with subordinate brown biotite. Tho rock does not appear much sheared and the con-
stituents are fresh.

. (38 P 17. Gab?ro.—Similur to (33). The plagioclase is much altered, and the sugite (a
titaniferous variety) is to a great extent altered to dark brown hornblends.

(39) P. 19. Me’ca-ScMst.-—l} mosaic of highly-sheared and crushed grains of quartz, with
aggregates and veins of fine sericite and chlorite scattered through it.

(40) P. 20. Siliccous Laterite—A porous rock consisting of quartz grains in a matrix of yellow
to brown ferruginous cement. Incipient formation of pisolites is seen here and there. Most of the
quartz grains appear angular, but some look rounded, as if they had partially gone into solution.

(41) P. 21. Gabbro.—A highly-altered coarsely crystalline granitic aggregate of diallage and
felspar, the individuals being up to about 8 mm. in diameter. The felspar is ne%.rly all quite ﬁltered
to saussurite, veined with chlorite. The pyroxene is mostly altered to chlorite, the decomposition

taking place initially slong the cleavage planes and resulting in fragments of unaltered mineral in
a matriy of chlorite. A very little iron ore is also present,

{42) P. 21, Dolerite.—A. medinm-grained rock with ophitic structure, consisting originally of
augite and felspar, with possibly olivine.  The augite is still fresh, the felspar completely decomposed,
The augite is frequently sub-idiomorphie, and large composite sugite crystals contain up to half
their volume of small felspar laths arranged longitudinally, The chilled edge shows irregular sheaves
of augite microlites, in a crypto-crystaline groundmass containing a few felspar microlites,

(43) P. 23, Serpentine.~—Patches of fibrous serpentine, with veins of similar material throush
and around them. The long fibres are much bent and twisted, and the direction of length tf? ‘;%e
fibres in the veinlets is perpendicular to the length of the veinlets thomselves.

(44) D, 24. Sandstone.~Angular to rounded grains of guartz, with a good -deal of felspar in

similar and smaller grains. The rock is slightly shesred dh th mi i
out 6, T6 may be o sandy fuf ghtly » and has much micaceous material through-

e o
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i i i i dules. - Some of the
45) P. 26, Basall.—A. highly-altered basic voleanic xock full of caleite mygdu )
c&lcii(ie gcems to replace fclsparéi)henocrysts. There are alse a fow faifly frosh augite crystals, The
ground-mass is very fine-grained, and composed of the same minerals, with sbundant iron ore].J
; i lar grains, more than
46) P. 27. Felspathic Sandstone—A dutk fine-grained aggregate of angulsr grains,
hali (of 1)3hcm felspar ir',f various stages of decomposition. Clear quartz grains malte up most of the
remainder, with & good deal of chloritic material and some mica. .
i i iti lts, many of them
7y P. 27. Basalt—All tho specimens exsmined are porphyritic basalts, 1
highl(;,?,ltered. In some the augitep phenocrysts are fresh and those of felspar quite aItercéi. In
others the felspar is fresh and is labradorite. Zonal banding is seen in the felspor. The ground-mass
is o finc-grained aggregate of felspar laths with iron ore, and much calcite and chloxite.
(48) P. 27. Crystalline Limestone.—Caleite in a fine-grained mosaic with veins of conrser-
grained celeite traversing it. N '
(49) P. 28. Basalt.—Completely altored augito and perhaps olivine phenoerysts in a dark
base containing felspar microlites. There are caleite and chalcedony amygdules.
(50) P. 98. Dolerite—Augite prisms and dusty felspar laths in a dark crystalline ground-
mass of similar material, with much iron ore.

(51) P, 28. Basalt—Similar to (49), but somewhat more altered.

(52) P. 28, Chalcedony—An irregular aggrogate of chalcedony and quarbz, with numerous
specks of homatite throughout it. .
(©3) P. 29. Ohaleedony—Similar to (52), but darker and very patchy in appearance.

(54) P. 29. Basall—A fine-grained aggregate of augite, felspar and iron ore. The felspar is
chiefly in laths, the augite in fairly well-developed crystals. ‘ . .

55) P. 29. Basaliic Tuff.—Smell angulaxr fragments of basalt, together with broken crysta
of aégi‘;:)e ]i.)n a.gdecogls;osed gl:{und-mass. There is much chlorite and calcite, often in spherules.

(66) P. 30. Dolerite—A medium-grained basic rock, the chief constituent being fresh brown

angite accomponied by altered felspar. There are smail patches of serpentine thrclnughout the roclk,

possibly after olivine. . - ‘
(57) P. 30. Basalt.—A much decomposed rock, the only fresh constituent being felspar in
small laths in a decomposed ground-mass with much chlorite and calcite.
1 ieroli ith i tz, and in some
58) P. 30. Rhyolite—Sheaves of felspar microlites, with intergrown quaxtz,
place(;sa). yellow cry;to-crystalline ground-mass, possibly devitrified glass. There are numerous
orthoclase and plagioclase phenoerysts, and much quartz. o . .
59) P. 81. Dolerite—A fairly coorse-grained much altered rock consisting of large accompose
felsp:(a.‘;ggafhssin a ground-mass ofysmall fresh augite crystals, felspar and magnetite. Patches of
serpentine may represent original olivine. - .
(60) P. 31. Basalt.—The chief constituonts are plagioclase and magnetite. The plagioctase
is in la.ths,- with variolitic structure, in & decomposed chloritic base. The magnetite is in grains
throughout the rock. ' e N I
' . 31. Rhyolite—Probably a devitrificd glass, light coloured and orypto-crysta'line 1
sbruc(t?lilr)o,Pwi:{?lll vervﬁzilumerous perlit?irc cracks. It is mlc;:ospheruhtw in structure in some ports.

(62) P. 31. Basaliic Tuff.—Similar to (55). : . u - ﬁ.

' . 81. Basalt—Small well-developed crystals of augite and plagioolase felspar in a fine-

graiégg)bfo“?r} base—possibly devitrified glass. Tho augite is fairly fresh, but the plagioclase is a
good, deal altered. There is much iron oxe. ‘

(64) P. 31. Basalt—Much decomposed and very like (57), with numerous caleite amygdules.

a1 i i jneral i

te.—A much-altered, fairly coarse-grained rock. The only fresh minera

larri(fcgzts}j.' 3’]13i1isli)so Li?l:.rge m;gusma.ll Ia.thz;, with much inferstitial chloxite and ocalcite, and a good

geui of magnetite. There may have been olivine in the fresh rock.' . —

. 81, Basalt—A fine-grained apporently holocrystalline basic lgmeous rock, Wikl

’vu.rio(l?’fi)c g}rfclbum.as'l‘hc yain constituents ate plagioclaso laths in sheaves and bunches, and ruch

i ian mineral is to be seen, There is
magnetite in small orystals and specks. No frosh ferromagnesl ; : g
mu%h caloite, interstit){al and also in blebs. In some places the rock is much coarser in grain.

(67) P. 32, Basalt. Decomposed, quite like (66). One section shows variolitic structure on
quite a large scale, _
' - ts of augite, felspar
P. 32. DBasall. An altered rock showing large, well-formed phenocrys ) fe
and c()tl;isx?ine, in a holocrystalline base of augite and felspar, with much magneimte.ltﬁ'l‘lée ground-mass
is fairly fresh, but the olivine and felspar of the phenocrysts are coxx;pflelte y t; . ;e- . tels
. 32. Basuir—a medium to fine-grained rock, consisting of felspar latas in a compiete A
altcrt(a?lgzia:.[;k Zround?fgazas, which was probably holocrystalline. There is much calcite in the ground:
mass and & fair amount of magnetite. . .
i isti Ispar laths in a matrix full of
P. 32, Basalt—A fino-grained lava, consisting of small felsp
felspg.?rozmcrolites, with direcbionaﬁr arrangement showing flow structure. The rock has numerous .
small amygdules of chlorite and of secondary quartz.
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(71) P. 33. ' Trachyte~—Well-formed phenocrysts of felspar, chiefly orthoclase, in a finely

crystalline felspathic ground-mass. There is some serpentinous material associated with the pheno- | APPENDIX II.
crysts.
(72) P. 33. Trackyte—The rock is in most cases somewhat decomposed, with secondary .
quartz, chalcedony, and chlorite, There are also phenocrysts of a pale augite. Plagioclase is the ' ROCK ANALYSES.
dominant felspar in some cases. . : i £ Chirina :
: ) _ . _ b o d of the Gajale River, west of Llurin
-(73) P. 34, Granite~—A ecrushed rock, coarse in grain, consisting of quartz, felspar (chiofly ) (@) P. 20.—Schist exposed in the be J 52 dwts-, per ton of 2,240 Ihs.
microcline), and a little biotite—all much broken. ' Gfﬂd . o . . 108 w o om o m omom o om
(74) P. 35. Laterite—A very ferruginous rock, composed of angular quartz grains of various Sibver .. e er .
gizes enclosed in o red opaque matrix. The rock is very porous and the sand graims aro collected ' . . . i v of the Ataulo River, between
into spheroidal nodules of a quarter fo half-an-inch in diameter. ° ' b) P. 32'_"“5&1%030“8 limestono in the bed of & gibutey © ‘ ’
(76) P. 35. Arkose—A rock consisting of angular fragments of quartz, felspar, biotite and Kpandu and Dulduja S0 .- . . .. 4173 per cent,
chlorite, with a little augite, in a very finc base of similar material, The felspar seems the most . : '1"102 o .. .. . e ST & »
abundent constituent and is in many cases fresh, ‘g Alzés . . . boo 909,
__{76) P. 35. Limesione.—An impure crystalline limestone with many small quartz, chlorite, ‘ Fe, 0y .. - . . e 6'21 »oo»
and sericite fragments. The calcite forms shadow crystals, throughout which are scattered the i Cal .. .. . . R
other constituents, j MgO .. . . . e 132 noon
. .. . | ' . . * 3
(77) P. 35, Limestone.—Similar to {76), but much purer, with only a few quartz and museovito 1 P20 T ' 1415 0 .
particles. The slide is full of caleareous sponge spicules. Lo e ... RO S |
_ (18) P. 36. White Earth—A very fine-grained compact, absorbent carth. In powder it shows J = B B 9724, »
minute grains of erystalline material with low double refraction. The refractive index of most of e
the particles is about 1-63. It may possibly be composed of very fine felspar particles for the most : Alkalies, &., not determined.
part. ' ' : ia:
‘ : : lujo and Abessia :
(719) . 36. drkose—A rock similar to (75), with a fair amount of calcite in it. \ () P. 32. Conglomerate bed outeropping o 'bhe‘zload between Dulluja
. _(80) P. 40. Pisolitic Baurite—In the pisolitic varioties, pisolites up to a quarter of an inch Gold .. e e et G : ton of 2,240 1bs.
in digmeter compose most of therock. They are nearly opaque: dark red in colour, and have septarian Silver 52 dwts. pev ton of Z
structure. Frequently in the centre of a pisolite there are light-coloured patches of isotropic material, . £ ‘
which in some cases seews by its form to have replaced angulax grains, possibly of quartz.  Round the T (@) P. 35, Bedded clay ab Batia, north of Yendi: _
Disolite centre are concentric layers of dark brown bauxite. In the spaces between the large pisolites ’ %0, .. . . .. .. G477 per cont.
are numerous small ones composed of light-coloured cryptocrystalline gibbsite. The interstitial ' ']jio2 . . . . . T2 w
matter is partly colourless gibbsite and partly limonitic material, : A]2023 .. .. . .. o092,
(81) P. 42. Marble~—A granular aggregate of clear non-interlocking crystals of calcite, averaging . Fe,0g .. B N » . 53% o
6mm. to 8 mm, in diameter. No other mineral is to be seen in thin section. ‘ ‘ FeO .. o " S
., . (82) P. 43, Marble—Similar to (81), but with a lazge amount of tremolite scattered throughout : CaQ e T s :: .
ib in fairly well-developed erystals. I 3¥g% R T I
(83) P. 43, Hornblende-Schist—A. medium-grained schistose rock. The chicf constituent is i i\{azo T 218,
green hornblgnd.e in sub-I-d,lomor.phlc crystals up to 10 mm, in length, all arranged in one direction. E H'Q'o - .. . ‘e oo 6L,
The other principal constituent is fresh labradorite, which fills up the spaces between the hornblende ' X

. : : H:0 + T ..
erystals, There is a fair amount of epidote present. 2 -

10099 .
(84) P. 43. Biotile-Gneiss—A medimn-grained aggregate of plagioclase (about oligocl | —--.
quartz and brown biotite, with o little muscovite. The %ﬁicz%s are a,rrgnged chieﬂ;s(f in oneodli%ggt?s:? '- P,0, 30, &a., nob det.ermmﬁed.
DL P fimest Tanja River, noxth-east of Wapuli :
oy - . 5—Argi § one d :
A (85) . 43. Serpenttne~An intimate mixture of serpentine and tale, with a little chlorite. : (e) P. 35. .A.rgﬂlac.eous imestone, ! 3 \ o ot
air amount of very fire powdery chromite is scattered throughout the rock, some of it in elon-- , S0, B ° 01 por o
gated particles along the tale cleavage planes. . | 50 - . ) - S R
(86) P, 44. Cliromile in Olilorite~A. fibrous matting of clinochlore with individuals up to i %}32%3 . . - - 10 . .
2 mm. in length. With this is mixed a large amount of chromite in erystals and crystal fragments. 'i Ca0 - e ae e e e ATBL o,
The erystalsare much broken, the cracks being filled with chlorite. Much of tho chlorite is 2 ehrome . , " - TR
bearing variety. ‘ P]';% - : s B
(87) P. 44. .Aclinolite Schist.—This rock consists almost entirely of - | oot T
with a very little clear interstitial quartz, irely of sheaves of actinolite crystals, | %06 ’ : . . M
| ’ 515_‘(}1 FT )
Alkalies, &e., not detexmined.
. | L (/) P. 35.—Limestone from the Tupe River on the road from Nafekele to Gujont:
‘ o 80, .. . o . .. 3473 per cent.
c Ti0, L e,
: Ald . . - . . B2, .
‘)! i FGE 03 . ‘e s .e . 187 »
- T - > R
] Mo . e e e e VOB m
P205 .. . . . v 91233 2 »
co, .. e e . oo 2 »  »
F[s)(z) LI L .. ” ”

2:60
96'93 b 1] L
e

Alkalies, &e., not determined.
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(g) P. 36.—White to yellow earth, Jankpima, near Demong:

. 80,
Tio, ..
"ALO, ..
F0203 .
IO ..
a0
MgO .,
Na,0 ..
K0
2,0,
MnO ..
H,0 - 110°
ILO + 110°
co, ..
BaO
)
Cl

6913 per cent.

20, »
1734 ,, [T
02 n

12 1 2
i ViR »
.49 » n
400 ,, ”»
302 1 2
02 N 9
.03 2 n
08 » n
295 1
il
'24: 29 '}
03 " ”»
trace
9974 ,,

T————

(B} P. 40.—Laterite between Tolo and Bismarckburg, Adele Highlands: .

510,
Ti0, ..
ALOy ..
Fo, 0, ..
Ca0
0,0

(?) P. 41.—Laferite, botween Bismarckburg and Kejenke :

810,
70, ..
ALO; ..
Fe,0; ..
O .,
H,0

() P. 42—Tronstone. A hem-ry piece fro

8io, ..
A-]203 -
Te

Mn

CaO

r

8

3115 per cent.

68 » 1

1961 ,,
3518 ,, »

v 21, »
18200,
10003 ,,

27-35 per cent,
T

202 ., .
38:00 2 ”
20 » 3

tH n

ot
w e
(=3 3]

" EH

m lateritic earth north of Akpafu

1912 per cent.

196 , 1
4783 ,, ,,
05, ”»
trace
0,

05, 1

A small but appreciable amount of Chromium is also Ppresent.

{%) P. 42.—A specimen of iron ore found on the opposite side of the valley, & short distance
to the east of the workings gave the following on analysis :

80, ..
ALO, ..
Fe

In

0

P

S

45-81 per cent.

2:00 T ”
3568 ”» ”
nal.
trace
trace

trace

A small but appreciable amount of Chromium iz also present.

(} P. 42,—Marble from the bed of the Chra River, 12 miles south-west of (lei :

8i0,
0, o
oV ..
Fe,0, ..
GO .,
MgO
P,0,
Co,
H,0

The above analyses, excluding the

gold and silver ass

Royel College of Science, South Kensington.

. 1:03 per cent.
01 :

oL, »
bb 7
08, ”
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2095 ,,
04, »
4624 ,,
66, ”

10060 ,, ,,
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