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FOREWORD .

The material for this thesis was gathered
while in the employ of the Companhla de Pesqulsas
Mineiras de Angola and the Companhia de Dlamantes
de Angola from August 1920 to date. 2En opportunity
was afforded to vlisit all the known minerzl pros-
pects in northern Angola during two years of ex-
ploration work. A year on exploltation in the
Lunda made 1t possible to make observations and de-
ductions regarding the diamondiferous gravels.

Literature regarding Angola 1s rare and if
this thesls has helped to partially fill this void
it will have more than fulfilled its misz}on.
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I—lla.GO’ hmda, An-g()],a’
December 15, 1923.



ECONOMIC GEOLOGY OF NORTHERN ANGOLA,
INTRODUCTION,
History:

Angola was discovered in 1476 by a Portu-
guese navigator and has been occupiéd almost contin-
uously by that nation ever since. For many years it
was a penal settlement. As there is no capital pun-
ishment in Portugal, this colony has absorbed most of
its desperate criminals. Owing to this, the tropical
climate, the hostlle attitude of the natives and the
absence of any outstanding mineral occurrences; pro=
gress has been very slow and most of the aerioﬁa an&
successful attempts to develop the mineral resources
of the province have been confined to the last decade
Location:

Angola proper lies Jjust south of the Congo
River on the west coast of Africa, bounded on the
north and east by the Belglian Congo and Rhodesla and
on the south by Bothlands It has an area of more
than a million and a quarter square kilometers, equal
to the area o Kansas, Missouri, Minnesota, Iowa and

the Dakotas combined. The colony 18 composed of



eleven districts; Cabinda, Congo, Quanza-Norte and
Sul, Loanda, Lun&a, Benguela, Moasamedes; Cubango,
Huila and Moxico. Cabinda is separated from the
mein part of Angola by a narrow strip of territory
belonging to the Belgian Congo. Loanda is the capi-
tal and principal seaport. Portuguese and German
Bteamers ply between it, South African and European
ports on a regular schedule.

Climate:

As in other tropical countries, with the ex-
ception of the littoral zone and ih the extreme southe
ern part where desert conditions prevail, there are
two seasons of nearly equal durationjy one of rainfall
and one of drought. The rainy saasoh is also one of
intense heat while the dry season is comparatively
coole The heat is alleviated by the frequent showers
which come, generally, at certaln hours of the daye.
Altitude greatly affects temperature., In the moun-
tains of the interior, the climate is delightful. "The
nights are always cool and sometimes actually colde.

Flora and Fauna:

Unlike-the country to the north of the Congo
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River, there 1s very little explcitable timber to the
south. Vegetation 1s always heavy along rivers and
streams, but elsewhere is savanna. In the wet season,
gigantiec grass grows to the incredible heig#i of sixe~
teen feet and covers the entire country. Travel dur:
ing this period 1is as difficult as going through a -
tropical Jjungle. As the trails are choked with grass,
it 1is possible to see for only short distances and

the difficulty one experiences in forcing a path thru
the thick, sharp blades defies all description. After
the rains cease, usually in May, the grass dry raplid}y
and 1s burned by the natives. These fires present a
magnificent spectacle at nighte.

Game is plentiful and the Portuguese are such
indifferent sportsmen, that it is truly a hunter's pare
adises Elephan$ are rare but buffale, which are con=
ceded to be the most vindicative and dangerous animals
in Africa, are Just as exciting to hunt., Monkeys and
leopards are found in the heavily wooded areas, ©On the
plains are antelope of all descriptions, ranging from

the size of a fex terrier to great beasts, the size of

a horse. In the southern part of the province are said



to be maneless lionse

Agricul tire:

Along the Malange Railroad are many planta-
tions. They are for the most part going rapidly to_
decay. Rubber is no longer exploited, as it is said
that 1t can not be done at a profit. Coffee brings a
good price but only limited amounts can be transpoert-
ed by the railroad. In the vicinity of Novo Redondo
and Loanda are several large sugar plantations with
modern refining apparatus. The Malange plateau has
all the criteria of a good wheat country, and cattle
thrive, sleeping sickness being unknown. With improve

ed transportation facilities, Angola promises to be-

come an impormtant agricultural country.

Inhabitants:

Although there are many different native
tribes, they are closely related by speeck and cus-
toms. They are a happyego=lucky lot. Most of the
nostile tribes have been subdued, but it is still
necesegary in isolated sections of the country to trave

el under military protection. The native population

has been estimated to be about 8ix million. Their
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predominating characteristic is laziness, or perhaps
it might be regarded as contentment with their peew-
gent condition. Missionaries have accomplished Wone
derful results but, unfortunately, their efforts
reach only a very few people.

As 1s the case with most noneChristion peo#
rle, polygamy is permitted but not geﬁerally prac- i
ticed. The mmerage man does not take advantage of
'the priviledge, preferring to live in more or less
peace with only one wife than in an incessant volcano,
as do his bigamist friends. Women are regarded as
chattel and are bought and sold as dumb animals and
inanimate obJjects. They do most of the work around
the village. The men do the sewing, look after the
children and move only to keep in the shade.

Government:

The Colonial Secretary of Portugal appoints
a High Commissioner of the colony for a term of five
years. He, in turn, names the Governors of the eleve
en districts. They ithen choose Administrators and
Commandants for each clivil and military aree in thelr

jurisdictions. A census of the native population is



-6-

taken each year. Every male of working age, unattached
female and wife, when more than one, 18 required to
pay a head tax. This system, although characteristic
of perhzps all African colonies, has been the source
of a great deal of misunderstanding. Many tribes,
thinking the tax unjust or exerbitant, have rebelled
or fled to other parts, leaving the country almost de~
Populated in some areas., It is doubtful if any method
of taxation could be devised that would prove satise
factory to all concerned and still furnish an inper-
ative incentive for all the natives to contribuste a
gertain amount of productive labor.

Transportation:

The water ways of the country, because of
numerous raplds are rarely navigable, but for this
very reason, afford many excellent power sites. There
are three narrow gauge, gfingle track, railroad lines
in operation; The Malange Rallroad, the Benguela or
Williams Railroad and the Mossamedes Railroad. They
have a combined length of one thousand and two hune
dred kilometers. The Mossamedes and the Malange Réilu

roads are owned and operated by the Government and are
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not an exception to the rule which applies to tinis
class of control. The Benguela Rallroad is opera-
ted by private Brltish Interests. It has not yet
reached 1ts obJlective, the Katanga of the Belgian
Congo, where it will jJoin a branch line of the pro=
posed Cape to Cairo Railroad. When completed, it ;111
afford an outlet for the copper-output of the Katanga
Mines on the Atlantic seaboard and reduce tranébdrt-
ation costs considerably. Construction has been at‘
a standstill for several -years because of financial
and political difficulties but it is rumored that
work will soon be remumed. All the lines bﬁrn woode
Lack of fusl 18 a serious handicap in Angola but the
discovery of oil in commercial quantities would go
far in alleviating this obstacle and will offer en=
couragement for the extenslon of o0ld lines and the"
congtruction of new ones.

The past ten years has seen an active road
building campaign which resulted in twelve thousand
kilometers of falr highways. Road bullding and maine-
tenance methods are primitive but with the increasiné

demands of traffic they will naturally become better.
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Conirary t6 expectations, the local traders have not
taken advantage of these improvements; preferring
native carriers for transport, which is seemlingly
cheaper, to a ;arge initial investment in a truck.
Domestic animals can not be used with any

degree of success in much of the country bhecause of
the prevalence of sleeping sickness. Bt in some
parts, not yet cursed with the taetﬁe fly,- the recog-
nized carrier of the disease, oxen and burros are B
used extensivelye. Natives, who fortunately have been
trained from earliest childhood to carry heavy loads
for great distances, are relied upon alméat entirely
for transportation. It is customary for white men to
travel in a tepol, which is a hammock slung on a long
pole, carried by two husky natives, who move at a dog
trot and are relékved from time to time by fresh care
riers. -
Labor:

| Formerly, native labor was secured through
government bureaus. This labor waa-ggﬁbiiagbluptary._
The local Administrator or Commandant s@dered the

natlve chiefs under his jurisdiction to bring in a
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.specified number of men. On arrival, they were bound
into service for a period of from six months to two
years either in or out of their districte Now this
work 1s done by licensed recrulting agents. Service
is voluntaryiaﬁdfﬁnat be confined to the natives'
diatric§ and for only a period of six months. Tﬁia
sudden change of system has caused many difficulties.
The average native prefers to lie under a shade treq
in his own village and supervise the labor of his wife
or wives than to move himself to great exertion for
the white man, who pays him little and does not always
degl fairly; Consequently, most of the native populaw

:::::

tion have gone on a vacatlon. The average salaby is &¢. 0

about five cents'a'hiylﬁﬁﬁ”iﬁ”ﬁhéﬁlﬁpéakiﬁ'6the§“é§hﬁ:£;fﬁ

éilas where there 1is so-callpd cheap labor, it does
not really prove economical. Tranaportation costs by
native labor are enormous.

Mineral Concessions:

The minins laws compare favorably with those
of other countries. Prospecting, declaration off dis-
covery and ownership is allowed any person or compan},

providing; first, 1if forelgn, he or they termihnate
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the special rights of home citizenship with every-
thing concerned with mining'and second, that all ;egu
ulations and provisions of the law are complied with:
Special mining and prospecting licenses can be sew
cured under specified conditions. A discoverer m;y
stake out twlce the number of claims allowed by one
prospecting permit. Vertical planes passed through
the end and side lines of the claim are the limiting
boundaries.

Practlically the entire area of the country
is divided among six concesslionnaires;: The Companhia
de Diamantes de Angola and the Companhia de Pesquisas
Minelras de Angola, sister companies of the Soclete
Internationale Forestlere et Miniere du Congo; the
| Conpanhla de Petroleo de Angola, a Bubsidiary‘of the
Sinclair Consolidated 0il Corporation; the Angola 0il
Company, Ltd., a dormant British company; the Empresa
de Minelira de Sul de Angola, a Portuguese firm which
recently recelved 1ts concesslon; and the Companhla
de Moggamedes, controlled by Briiiah interests. The

.

rights of these concesslionaires are not retro-active,

so that there are several 1independent companies holde



ing mining claims within other concessions as well as
in the limited free area. With but one or two excepw
tions, none of these independent companies are Opera:
ting thelr properties.

PHYSIOGRAPHY.

There are two systems of hills or mountaina
which trend more or less parallel to the coast. The
first uplift is known as the Crystal Mountains and the
second 1s a great plateau. The highest elevation on
the plateau 1s about fourteen hundred metera. The
only prominent break in the topography is the sudden
transition from the hills of the Crystal Mountains to
the table land above to the east., The topography is
usually typically tropical, that 1s to say, the streams
are entrenched deeply in V shaped valleys and the coun-
try 18 reduced to low rolléng hills. All the streams B
drain ultimately into the Atlantic. Most of them find
their source in the sedimentary rock to the east of the
eruptive.

After becoming familiar with the rock formae
tions and their relation to the topography, it is ea;y

to classify the rock in an area from the study of the
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Physlography alone. The regions where conglomerates
prevall are very precipitous. In an area of meta-
morphosed limestone, ﬁhere are heavily wooded-hilia
and monoliths. Where eruptives predominate, the pro-
Jections, taking the form of cones, mounds and ridgeé,
are barren of vegetation and the skyline has a Jjagged
gppearance. Sandstone 1s uniformlily eroded, while
quartzites have a distinctive unevenly eroded aspect.
The presence of dikes are frequently betrayed by 1soe
lated, sharp prominent ridges. Rivers and streans -
often follow the contact between plutonic and sedimene
tary rock. Simple observations such as these are of
a great help in making a hurried reconnaissance.

DESCRIPTIVE GEOLOGY,.

Petrography:

Thé coastal plain is underlain by marine
gsediments. The writer had an opportunity to study
thzse formations at Binga on the Cuvo River near
Novo Redondo. The oldest stratified formation is a
coarse basal conglomerate which rests on the basement

complex. It cohsists of coulders of crystalline rock
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in a matrix of ferruginous cement, averaging ninety
meters in thickness. Thls conglomerate 1is thought
to have been deposlited in the earlier part of the
Permian Age. Overlyling this formation, conformably,
is a series of marine conglomerate, sandstone and
shale, rich in fossil remains which have been ldenti-
fied as belonging to the Cretaceousgs Ase. In Dplaces,
it is totally absent and in others twenty meters
thick. .It has a wide distribution along the coast
and is frequently cupriferous. Resting unconformably
over this serles 1s a dolomitic limestone, presumably
of Tertlary Age, more than one hundred and fifty
meters thick which has at its base lenses of barite
and gypsum. This formatlion evidently has a wlder dls-
tributlon than any of the others mentloned as it was
encountered in the Portuguese Congo and the districts
of Quanza-Norte and Sul on the coastal plain and very
probably extends for a considerable distance to the
north and south.

Igneous rocks predominate in the range of
hills, called the Crystal Mountalins, which extend at

a distance of sgeveral hundred kllometers from and
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parallel to the coast for the entire length of
Angola; There are also lsolated outcrops in the
hinterland. These:rocks are.thcught to represent
at least three different geologlc agealbut are
often so similar in character that their differen-
tigpion In the field 1is gxceedingly‘uncertain. The
oldest formation is a pre-Cambrian granitic gneiss.
Of a later date is an intrusion of acidic igneous
rock that took the form of a batholith and is for
the most part a granlte. Because of the absence of
fossils in the sellmentary rocks which were distort-
ed and metamorphosed by the intrusive, the age of
the ignevas actlivity is doubtful. Boulders of thls
formatlon are found in the basal conglomerate on hlie
coast and it is, therefore, of Permlan or an earlier
age. Numerous basaltic diltes which traverse both the
igneous and sedimentary formations are slightly
younger.

Going north from Calulo, south of the Quanza
Rive in Quanza-Sul, to the Halange Railroad, the
youngest series in contact with plutonic reck are

metamorphosed marine snadstone and shale and litho-
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graphic limestone. The contact is most irregular.
Underlying these 1s a conglomerate, more than three
hundred and fifty,metera thick, the coarser aggre-
gate of which are pebbles of quartzite, sandstone
and conglomerate bound together with a sandy ferru-
glnous cement. The conglomerate is derived mostly
from the iron formation, which has as members,
quartzite, ferruginous sandstone and shale. - This

1s the most consplcuous formation on the plateau and
corresponds closely to the Kundulungu (Permo-Carbon-
iferous) beds of the Belglian Congo. Uﬂderlylng these
are a serles of thin interlying beds of sandstone
and shale with thicker 1solatéd beds of limestane as
found at Bembe and are probably of Devonian Age.

The rarity of fossils make geologic classification
almost impossible. Perhaps the youngest formatlion,
other than recent gravel deposita, is the Lubilashe
(Jura-Triassic aée) of the Lunda district.
Structural Geology:

The stmata of the coast are gently rolleng
wlth a slight general dip to the west. Faulting 1is
negligible. As they were deposited after the igneous
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activity, they were of course not disturbed by the
intrusion. The sedimentary formations in the in-
tefior, however, have been subjected to two perlods
of deformation. The intrusion was preceded, perhaps
induced, by a perlod of folding which caused the
strate to take the form of a geoanticline, the pla-
teay of the hinterland becoming the crest and the
western flank dipping toward the Atlantic. Later,
the upward force of the Intrusion caused doming on
the sastern contact thus reversing the dlp and form-
ing a stratigraphical trough or syncline, more pro-
nounced in some locellities than 1n others. On the
plateau proper, the strata are for the most part
flat-lying and normal in appearance. At the contact.
they are highly metamorphosed and for some seventy
mi}es to the east,hbgdly folded:and:faulted. Although
there are some zonesof fracturing in the massive for-
mation, there dces not seem to have been any appreci-
able earth movement after the consolidation of the
magma. Joint planes are frequently well developed
but are consldered as cracks resulting from contract-

lon during cooling. They are filled not uncommonly
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with quartz, pegmatlte and basalt. The quartz
veins are small and unimportant. Some are very
feebly mineralized but most of them are barren.
Basaltic dikes are confined largely to the north of
the Quanza River. They vary is slze and composition
and are found most commonly iIntruding the 1iron for-
mation. The pegmatites are sometimes ten or more
meters wide and were observed only on the west side
of the amogene formations.

ECONOMIC GROLOGY.

01l Pogsibilities:
Asphalt has been knowm to exist in Angols

for several hundred years. The natives used it to
callt thelr canoes and as a mediclne. Seeps are
found scattered along the entire length of the coast
from Cablinda to Mossamedes. In 1757, several hun-
dred tons were exported to Portugal and Brazil. The
government of Angola took the initiative of prospect-
ing and drlilling for oil in 1900. The results f@om
the analysls of a crude asphaltic oil extracted fron
a well 100 meters deep at Katunbo were very encourag-

ing. In 1913, the Companhia de Petroleo de Angola



was formed to work the area reserved. In spite of
the difficulties engendered by the World War, wells
were bored at Benguella Velha, N'Gondo, Adbrizets

}and Dande. The Sinclalr Oinsolidated o1l Corpara-

(el :--,._i\,‘}n’..::"v"?'""

:tion took bver the . work in 1920 It is anticipated
that this Qompaﬁyvéill carry on the work to a Pin-il resel -
4sh,

The oll sands are found in the mid-Cretaceous
of the coastal plaln, the strata.of which.have been
subjected to some folding, resulting in structures
favorable for the accumulation of oll. Some fault-
ing is suspected. Overlying these beds, conformably,
are Tertlary formations which have-been only slight-
1y disturbed. Driiling operations have proven the
exlstence of an extensive field of ‘sands aaturaiédtf ——
with an o1l of 10.6°Beaume. The base of the oil is
paraffin, which 1s another encouraging factor.

Asphaltic Coals:

The occurrence of asphaltic coals at Dondo,
Qullongo and Calucale is extremely interesting and
may In the future prove of economlc importance. It

is an intermediate product between bituminous coal

1fed by dmii



- 19 =

and a pure asphalt that is chemically analogous to
cannel coal. It is such a rare specles that the
term "1libollite" has been accepted by authorities.

The most promising of these beds are at
Quilongo, twelve kilometers due east of Zenza do
Itombe, a station on the Malange Rallroad. The
mines are on the concesslon of Mqaars- Camaxra & COe.,
Ltd., covering an area of 5000 hectares.

Mr. J. Bacellar Bebiéno, (1), describes the
geology. The formatlons in the vicinlty are presum-
ably of the Cretaceous Age. The oldest 1ls & yellow
calcareous snadstone, muscovitic in appearance and
often biltuminous, dipping generally to the N. W.,
with inclinations varying from 7°to 40®and reaching
100 meters in thickness. Underlying the formation
1s the carboniferous asphalt sesm. Thls overlies
an srglllaceous calcareous sandstone of varying
thickness. These formations are contorted by phon-
olitic eruptions which took place very likely in
the Tertizry Age.

The roof of the seam is asphaltic calcareous
sandstone more than two meters thick. The libollite

(1) BEBIANO, J. B., Catalogo descriptivo da colegao
de minerals enviados a Exposicao de Londres.
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bed 1s from one half to one and one half meters in
thickness. The floor or hanging wall 1is argilla-
ceous sandstone impregnated with aaphait. It.has
& thickness exceeding one half a metef. There 1is
‘no great differentiation between the 1libollite bed
and the hanging or foot walls.

Chemical Analysis of the Quilongo libollite:

13751k 1 . P G S : 1. 16%
HOLBMITE & ver womwenvone <oe & ¥4 6§ § % § § §Edainme 1.80
Volatile hydrocarbon matter S Il 47.70
A.Sh L I I T I T T R S R S R 18.33
Fixed carbon ( coke less ash) Ty 22.20
GORE ® % 8 & p 4 AP aR e e oE ey ® & & &4 & 4 s 0 8 s 8 % a0 50'50

Calorific value - 7.200 calories.

Coke Analysls: ,
Fixed carbon eeeececees... S SO— 56.20%
Calorific value - 6,600 calories.

Dry Distillation:

(6531 (1 1 s B e T PITIIT & 65k 5 aRE 36.40%
Water ceevecceoeeans SRR B A R S A K 33.10
CORKE: POREOIE o o u hawmwwonamssamssre siwu & 6§ € £5 § 8§ 15.50
Dry Distillstion of Crude 0il:
Light oils (gasoline and petroleum) ...... 23.00%
Medium oils (for internzl combustion) ee...... 40,20
Lubkleating 011s ceveeeeerrrnreonnnnnerans 22,00
Wax and vaseline cevevevenne i vnn i 2. 10
Asphalt ev.cveve.... R R GEEE S ek 6.0
Sample of Hanging Wall: Foot Wall:
Solid and liquid asphalt .... 18.6% 144 1%
MoLlBtuya cews oo s 64 o iasi vesaw e 2.6

MINeral Matber eeveesnn..o... T7.0 8%3.6
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The Diamond Fields:

The diamondlferous gravels of the Kasal
River basin in the Belglan Congo were proven to
extend into Angols in 1912. doﬁcessions were
granted and are being eﬁploited by the Companhle de
Dismantes de Angola. There are great reserves and
a very extensive aréa-practicaily uriexplored. Trans-
portation aifficulties ure being rapidly overcome
and medhanicn11f df1Vbn rdtarf pins afe bLeing Intro-
duced for 60pnéh£¥atioﬁ. kt present, four deposits
are being exPlolted. The aversge production is sbout
one hmdred thousand carats peY annuit.

The oldest Pécke are anclent hornblende -
schipts, chjoriidc micaceous schiats, quartzites and
2 bapement complex, usually a granitic gnelss. Over-
lying thee, presugably ynconformably, s a siliceous
limestope having a wide distribution. This forma-
tlon weg observed in gitu in Xa Tuka Cre;;fxgzg.the
granitic gnelse. Unconformably overlying thé sili-
ceous limestone is a peries of gray and red sand-
stone and shale, 2lso widely dlstributed, locally
known as the Lubilashe formation (Jura-Trisssic age)
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The alluvial deposits consist of detrital
producte of all these rocks. The dlamonds are as-
soclated with certain heavy minerals, 'among which
are, dndalusite, garnet, epldote, staurollite, tour-
maline, corundum, chrysoberl, cyanite, rutile,
ziron, spinel and magnetite. These result largely
from the decomposition of the igneous and metamor-
Phlc rocks. |

There 1s consliderable evidence of conpact
metamorphlsm; metasomatism pesulting in the abun-
dant developement of chlorite and epidote,and sil-
fcification of the limestone beds. This writer
beleives that the igneous rocks are the primary
source 08 the diamonds. The earlier geologilc exents
are rather obscure but it is not improbable that an
exchange of materlials might have taken placé by
means of gases between a hot intrusive, whether Jjust
consolidated or molten, and adjacent carboniferous
sediments, perhaps what 1s now the silicified lime-
stone. No doubt, most of the changes took place on
the cooler side but the intrusive might also have -

reu91Ved material, mainly carbon dloxide. This epi-
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dote and garnet and pProbably dlamonds were developed
by replacement in the igneous rock.
The Bembe Mines:

The mines are situated near the administra-
tive post of Bembe in the dlstrict of the Congo,
two hundred killometers due east of the seaport of
Ambrizete by a well graded automoblle road. A pro-
posed rallroad extension from Gulungo Alto, the ter-
minal of a2 branch of the Malange Rallroad, to Porto
Rico, near the mouth of the COngb River, which will
pass through Bembe, 1s now being surveyed. The road
to Ambrlzete can only be used for a few months in
the dry season. The harbor at Ambrizete is not well
protected and loading must be done in surf boats.

Attention was flrst called to the deposit by
copper trinkets worn by the natives of the Bembe
region. They were worked by a Brazllian slave trader
In 1857 who later transferred his concesslon to the
West Afrlcan Malachite Mining Company. This company
mined and shipped several hundred tons of ore but
because of the hlgh death rate among their white em-

ployees, due to malaria, they were forced to abandon
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the project. In 1911, the Portuguese goverhment
made another attempt to develope the property but
after spending several thousand escudas became dls-
couraged. The property remained 1dle until 1918
when it was manifested’ again by the Empresa das
Minas do Bembe, Ltd., who still hold the title.
Thelr concession conslsts of filve lode claims of
one hundred hectares each and include all the min-
eral in the viginity.

The nearest igneous rock 1s over elghty
kilometers away. The rocks present are a series of
thin Interbedded layers of ferruginous sandstone and
shale with thicker lsolated areas of limestone. These
sterata stlke N 45°E and dip 45°S. We. There is no
appreclable metamorphism except along pressure planes.
Cutting the serles i1s a sheeted zone, consisting of
many parallel planes glong which there has been con-
slderable movement. They stike N 19°W and dip 49°S.E.

The ore occurs in the sheeted zone and out-
crops over a length of 1200 meters. Bembe Creek
flows along this zone, very near end roughly parallel

to the deposit. Reaching the limit of minerallzation,
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it swerves suddenly at right angles to 1ts previous
co®rse. Copper minerals present are malachite and
azurite with subordinate amounts of tenorite and
chrysacolla. The latter replaces quartzite. The
ore 1s found for the most part as almost solid crus-
tatlons of malachite in smooth water-worn limestone
cavities surrounded by clay gouge impregnated with
.smali pPleces of malachlte. Between the gouge and
the hangling and footwalls 1s usually bog manganese.
The strike and dip of the ore and vein fllling seenm
to coinclde roughly with those of the strata.
Hardly enoush evidence 1s avalilable to de-
termine whethér the depbsit wag formed Dy hot as-
cending solutions arg cold descending solutions} In
spite of the fact that there i1s no igneous rock in
the viecinity, thils writer 1s inclined to favor, the
former tﬁeory of origin becauség‘(i) ﬂhe deposit
occurs in a sheeted zone, the planes of whlch would
have afforded better channels for solutions under
pressure, (2) it has no similarity with sedimentary
tybes of copper‘deposits elsewvhere examined-in Angola,

and (3) there are.no other mineral occurrences any-
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where in the vielnity. A satisfactory theory musit
be decided upon before driliing could commence for
although the ore seems to conform with the strata
6? the surrounding rock, it 1s very probable that
at depth it will be found to conform with the fault
planes of the sheeted zone.

| An attempt 1s being made to develop the
property by four adits located at irregular inter-
vals along the outcrop; The work is practlecally
useless and it 1s only with grest difficulty that
the workings are kept open, Dbecause of heavy railns.
The ore 1s not persistently followed. The only par-
tdally proved ore body is a shoot of almost solild
malachite, 10 x 10 x 15 meters, surrounded by gouge
impregnated with malachite, 20 x 20 x 15 meters, all
above the water table. But as has been sald before,
there are Indicatlions of mineralizatlon and remains

of o0ld workings over a length of 1200 meters.

Ancient Mine Workings at Dala Tuto and Gombi Andoil:

In the vicinity of Dala Tuto and Gombi Andol
between the Malange Rallroad and the Quanza River are

several anclent prospecting plts and mine workings.
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Nothing is known of their history. In order to
make an examihation, it was necessary to sink test
pits Into the debris of the wvaved workings and in
other favorable localitiles.

The geology of the region is simple but un-
usual. A stratified and a crystalline formatlon are
present. Most of she sedimentary rock has been re-
moved by erosion. Only small areas of metamorphosed
ferruginous sandstone, quartzite and a light colored
shale remain. At Gombl Andol, the intrusive 1is a.
basaltic rock approaching a peridotite in composition.
It 1s a basic segregation in a granitic magma. At
Dala Tuto light colored minerals are in excess. Met-
~asomatlc alteratlon, eSpeclally that of propylitiza-
tlon, has been intense and makes the determination of
the reldsparé uncertaine.

Chalcepyrite occurs in a gangue of quartz
and calcite in narrow stringers. Malachite end azub-
ite occur along Jjoint and pressure planes as a stain
or thin film. Minerals of alteration are chlorite,
sericite (sometimes altered to kaolin near the water

table) and epldote. There 1s considerable bag man



- 28 -

ganese and some tenorite. High temperature miner-
als are absent. The minerals are cenfined, in all
caseé, to zenes of shearing.

These are typlcal deposits formed at a mod-
erate depth by hot ascending magmatic s@dutions.
Whether or net, the overlying formatiens acted as a
dam 1s a matter for conjecture. But if a commerclal
deposit was formed 1t has.long since been ereoded
away. There 1s not a hand specimen te be found that
will run as much as 0.5% Cue.

Sedlimentary Cepper Occurrences:

Of no economic importance but of cohsiderable

geologic interest is the sedimentary occurrence of
copper minerals on the Cuve River, thirty five kilo-
meters north east of Novo Redondo, in the district of
Quanza-Sul. There 1s a similar deposlt at Zenza do
Itombé, a statlon on the Malange Railroad, bﬁt it was
not examined.

The oldest rock in the viecinity is a granite.
The oldesgétratified formatlon 1s a conglomerzte obver
ninety meters ﬁhick, consisting of boulders of ig-
neous rock in a matrix of ferruginous, sandy, calcar-

eous material. Overlying this is the cupriferous
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formation, varylng in thickness up to twenty meters,
of calcareous conglomerate, sandstone, shale and
marl. The youngest formation is a dolomitic linme-
stone of great thickness. Fossll remains found in
the cupriferous formatlon have been identified as
belonging to the Cretaceous Age. All these strata
have been maderately folded and slightly fractured.

The cupriferous beds cover a great area.

The outcrops are brilliantly colored. The shale and
marl members are rich in plant remains and fosgsil
wood which have usually been converted to chalcoclte.
Malachlite and azurfite occur as impregnations in the
conglomerate and sandstone members. At the base of
the dolomitic limestone are lenses of barite and
gypsunm.

The entire dependence of the occurrence of
igneous rock 1is marked. The eplgenetlic character of
the deposit 1s proved beyond reasonable doubt. The
dolomitic limestone must have contained finely divi-
ded copper mineral derived from such deposits as at
Dala Tuto and Gombl Andol on the older continental
area. ‘Then atmospheric waters charged with gypsum

searched these beds, they mizht have taken the cop-



s B =

per into solution as a sulphate and concentrated
it at the horlzon of vegetable (reducing) matter.

The Quicuinhe Manganese Depo__gkit:-

A deposit of manganese was recently dis-
covered and manifested by the Companhla de Pesqulsas
Mineiras de Angola. It is located on Quicuinhe
Creek near Ambaca, a station on.the Malange Rall-
road, some three hundred kilometers from Loanda.

The ore 1ls found assoclated with deformed,
shattered snd altered ferruginous sandstones and
shales. The pPresence of the ore was revealed by
large boulders of pyrolusite resting loosely on a
great thickness of residual clay. A vein of low
grade ore was eidcountered in trenching operations
and there are numerous outcrops of iron-manganese
velns 1n the creek beds. Mineralization is confin-
ed to a certain series of jJoint planes, the walls
of which have been replaced and near & thick bed
of ferruginous shale, the probzble source of the
ore. There are indications of mineralization over
an area of one thousand hectares.

The high grade character of the ore and the
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mode of its occurrence together with the nearness
of transportation facilitles give promise of a
future for the property.

Muscovite near Loanda.

An occurrence of muscovite at the head of
navigation on the Dande Rlver, near Sassa, was re-
cently staked by the Companhla de Pesquisas Minelras
de Angola. It is only a few hours by a good auto-
moblile road from Loanda and near the rallroad.

The mica occurs in a pegmatite dike surround-
ed by a country rock of gnelss. Two grades of mus-
covite were observed; a dark greenlsh variety and a
white variety. The white mlca occurs in "books" seg-
regated in lrregular clusters or pockets along one
slde of the dilke. Dark colored sheets and some white
mica are dispersed through the pegmatite as lenticu-
lar aggregates. The mine run would probably be of
Nos. 5 and 6 grade.

There 1s nothlng extraordinary about the de-
posit and it could never have more than a very modest
futuree. |

Miscellaneous Occurrences:
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Gold has been knowm to exist along the
tributaries of the Lombige River, approximately
50 kilometers north of Golungo Alto, for many years
but repeated efforts to expolit the deposits have
met with fallure.

In the valley of the Caxibo River, about 50
kilametersls. Ee of Zenza do Itombe 1s an eccurrence
of galena. The deposit conslsts of veilnlets, 1 to 2
centimeters thick, in a gangue of calcite traversing
the anclent basement complexs¢ The clalm conslsts of
500 hectares and is the property of Camara & CGo.,Ltd.

Occurrences of iroﬁ are common. The most
important are a deposit of magnetite near Zenza do
Itombe, owned by the Empresa das Minas do Bembe, Ltd.,
and a deposit of specular hematlte south of Dala
Tando on the lucala River.

The evaporation of aeawateyéor salt is a
rather 1mp0rtant'1hdustry. The average production

is abeut 16;Qqcstbhafgnruannum. Some 100 kilometers
N. E. of Malange, on the Lui River, 1s a deposit of

- rock salt that ia_belng worked by natives.
Antimonite samples have being brought in
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from Malange and rubles from Alto Dande tut the
exect location of these occurrences are not knomwmn.
SUMMARY.

Most of the mineral deposlts have been
known to exlst for over a generatlen btut efforts to
mine them usually met with failure. The most signal
Clscovery, that of dlamonds, wae made only 1in re-
cent years. They are the only substance coming under
the category of mineral which are being exploited on
& lar e scale. Energetic efforts are beilng made to
find petroleum 1in commercial guantlties. There are
stlll vast areas practically unexplored which 1if tho-
roughly prospected might lead to more discoveries.
It 1s difficulty, however, for one who has prospected
for two years In Angola without any particulsr suc-

cegs to be optimistic about the possibilities.
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