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CHAPTER I

INTRODUCTION
A. HISTORY

The occurrence of bauxite in Suriname is known since 1903, in which
year Dusors published data on the bauxite from Ric a Rae.

Several years passed before plans were made for the exploitation of
the bauxite. '

The first company that worked the bauxite was the American Norton Co.
The ore was mined during a few years, only for chemical uses.

December 19th, 1916, the Surinaamsche Bauxite Maatschappi was
chartered as a subcompany of the Alcoa?). For several reasons, such as
difficulties with concessions, the lack of jurisdiction about bauxite and
searcity of laborers, it was not until 1927 that. the necessary ore-dressing
plants were placed in operation at Moengo. In 1941 a second plant was
finished at Paranam, : )

The second company which mines bauxite in Suriname is the N.V. Billiton
Maatschappij. The mines are at Onverdacht. The exploration for bauxite
began in 1939, the first shipments were made in 1942.

From 1929 up to and including 1954 the total export of bauxite
(Borzen, 1954) amounted to the following:

X 1000 ton (metr.) X 1000 ton (metr.)

1929 ............ 183.9 1942 ............ 1227.5
1930 ............ 263.0 1943 ............ 1662.7
1931 ............ 190.6 1944 ............ 664.1
1932 ..onninenes 126.5 1945 ............ 689.9
1933 ............ 106.4 1946 ............ 852.6
1934 ............ 101.0 1947 ............ 1797.8
1935 ............ 115.2 1948 ............ 2165.5
1936 ............ 233.9 1949 ............ 2126.7
1937 ............ 392.3 1950 .....ccnuie 2083.6
1938 ..ovenenne 377.6 1951 ............ 2674.6
1939 ............ 504.1 1952 ............ 3154.7
1940 ............ 615.4 1953*% ............ 3277.0
1941 ............ 1093.8 1954* ............ 3421.2

* Commissariaat voor Surinaamse Zaken, ’s-Gravenhage, The Netherlands.

B. GEOLOGY

A certain number of publications on the geology of Suriname has been
published, along with a large number of reports on expeditions.

'} Aluminum Company of America.
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Publications on the occurrence of bauxite are searce, but of the more
recent ones those of TER MEULEN (1949) and Bakkgkr, KieL and MiiuLer (1953)
should be mentioned.

IJzermaN published in 1931 his “Outlme of Geology and Petrology of
Surinam (Dutch Guiana)” in which the papers on the geology of Suriname
published up to 1931 are reviewed, and in which IJZErRMAN gave many data
from his own observations. With the publication of this work the geologists
of Suriname obtained a great number of data which form a valuable basis
for the investigation of the geology of Suriname.

In 1943 the Geological and Mining Survey was founded and systematlc
surveying began.

The regional geologic map (fig. 1) was compiled on the basis of the
Geological Map in the three Guianas (1952), with additions from the data of
ScuoLs and CoHen (1953) and the Annual Report of the Geological Survey at
Paramaribo (1953). _

The following young formations are distinguished ‘(when not indicated
to the contrary, the data are from Scrors and ConEen, 1953).

Demerara formation, to which belong the young marine and estuary sedi-
ments, mainly consisting of heavy, incompetent, strongly hydrated clays with
intercalated sand lenses and beds and fan-shaped ridges of sand and shells.
Also the recent river and streamlet alluvia belong to this formation,
~ Coropina formation. This formation consists of marine sands and heavy
clays. The outcrops of this formation lie at a somewhat higher level than
the Demerara formation from which it is separated by a distinet regression.
The sandy facies lies generally to the north of the clay facies, repeating
of this succession occurs locally.

ZonNEVELD (1951) investigated a number of samples of these elays and
concluded that they were deposited in a milien wherein the flow of current
varied and was periodically zero. ZonwevELD thought he was dealing with
tidal-flats and kwelders (marshes).

Zanderyj formation. This formation consists of coarse mostly white. sands
containing locally small quartzpebbles as well as intercalated layers of clay,
which can attain an appreciable thickness. Locally there also occur lignite-
layers.

ZoNNEVELD (1951) mvestlgated samples of these sands and believed that
the material might have been deposited by a large number of creeks and
streams. The occurrence of pebbles, foraminifera and shell fragments cast
doubt on a continental character, ScHoLs and CoHEN suppose a marine, perhaps
a littoral character. Both the foraminifera as well as the shell fragments
showed signs of transport, Bakkrr (1953) assumed that instead of a marine
deposit it was a coastal deposit.

Nickerie formation is partially diagenetically hardened and is only en-
countered in a few drillings.

As older deposits one sees:

Roraima formation is formed by sandstone and conglomerates. A well-
known location for this is the Tafelberg, where these rocks occur in practie-
ally horizontally disposed beds. The Roraima formation is transected by a
number of dolerite dikes.

Neither in Suriname nor Demerara where the Roraima formation is much
more extensive, has it been possible to estimate the age. The Roraima
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formation in Venezuela displays a great resemblance to deposits from the
Lower Cretaceous and Upper Trias (LippLE, 1946).

The Basement, constitutes part of Guiana Shield which occurs in Guyane
francaise, Suriname and British Guiana and Brasil.

Two formations in this basement are distinguished in Suriname i.e. the
Orapu and the Balling Formation.

Of these deposits the Orapu formation and the Bonnidoro serie consist
of metamorphic sediments. The Paramakka serie and the Nassau serie are
formed by voleanic rocks.

Granite intrusion or granitization has occurred twice.

The following table lists the various formations and their probable age.

Demerara formation
Recent Coropina formation
-Tertiary Zanderij formation

(Nickerie formation)

{ Younger intrusive phase (Dolerite)

Mesozoic? { Roraima formation
Granite 2
Orapu formation Rosebel serie
Pre- Granite 1 :
Cambrian Bonnidoro serie

Balling formation Paramakka serie
Nassau serie -

C. NOMENCLATURE

The term laterite was first employed by BucHanan in 1807 for ferru-
ginous earthy rock, which he found during his stay in India. Characteristie
for this soft, red and yellow coloured material, full of cavities and pores,
is the rapid hardening when exposed to air.

Since that time the name laterite has been used for a variety of meanings
which has led to confusion.

In maintaining the use of the name laterite as a description of material
that has arisen.by lateritic weathering whereby leaching of alkalies and
desilification are characteristic (Harrassowrrz, 1926), we are not evading
BucHaNAN’s original definition, even though it contains material resulted
of lateritic weathering deseribed by other authors. It is not proper to
regard this material as a purely tropical occurrence since lateritic weathering
products are also found outside the tropies. '

An intensive lateritic weathering will produce material with a high iron
and aluminium content, likewise such a manner of concentratlon of manganese
is also known.

" The name ferrite was introduced at the Geological Conference British
Guiana — Suriname — Guyane francaise, Paramaribo 1950, to indicate the
iron rich endproduct of lateritic weathering. In 1872 VocELsANG 2) remarked
in relation to the name ferrite: “A general non-committal descriptive term
for reddish-brownh amorphous alteration produets which are presumably

*) Hormes, A. (1920).
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ferruginous, but which ean not be definitely diagnosed by ordinary optical
methods” from which it appears that no objection can bhe raised to the
decision of the Conference.

In addition to this iron rich, there also occurs an aluminium rich
endproduct. Harrassowrrz (1926) employed the term allite -for rock consist-
ing mostly of Al-hydroxides. He divided this allites into laterite and
bauxite, the laterite consisting mostly of gibbsite (A0, 3 H O), the bauxite
of boehmlte and diaspore (ALO, H,0).

Two sorts of allites are known, one kind is found in connection with
silicate rocks, whereas, the other kind is found in connection with limestone,
These two kinds are distinguished from each other by the mineralogical
composition. The allite occurring together with silicate rocks generally
consists for the most part of gibbsite, the allite found in -connection with
limestone for the most part of boehmite and/or diaspore.

Harrassowrrz formulated his terms on a mineralogical basis. Laterite
and bauxite as defined by Harrassowrrz occur in both sorts of deposits and
in various proportions. In addition, the term laterite defined by Harrassowrrz
differs considerably from the material originally defined by BucHANAN.

Nicgrr (1952) called allites which oceur in connection with silicate rocks,
laterites, and allites occurring together with limestone, bauxites., This dis-
tinction is preferable to that of Harrassowrrz in that the mineralogical
composition now plays a less dominant role. However, the restriction of
laterite to the allites does constitute an objection.

De Wemsse (1948) divided the allites into a “bauxite latéritique” and a
“bauxite de terra rossa”, which terms were concerned respectively with allites
occurring together with silicate rocks and those oceurring together with lime-
stone. These terms have no mineralogical significance, the suffixes “latéritique”
and “de terra rossa” seem to suggest a difference in origin. Desilification
(so characteristic for lateritic weathering) plays an important réle in the
formation of both “bauxite latéritique” and “bauxite de terra rossa”.

Drrrier and Kunvy (1933) used the term limestone-bauxite for allite
occurring together with limestones. From this, one could postulate the
diametric term silicate-bauxite. ’ '

These two terms are neither mineralogically nor strietly genetically
consistent, but only the mutual connection of the allite with silicate rocks
and hmestone is indicated.

The name bauxite to deseribe rocks consisting for the most part of
aluminium-hydroxides is however already so well established that it seems
doubtful that a new nomenclature will attain currency.

In the following the terms ferritization and bauxitization will be em-
ployed as forms of lateritic weathering, resulting in respectively an iron
rich- and an aluminium rich weathering produect.

According to the Geological Conference, Paramaribo 1950, ferrite is
material containing more than 45 % Fe,O, and less than 15 % Al,0,, bauxite
should have an Al,O, content of more than 45 % and less than 15 % Fe,0,
Interpolated terms are bauxo-ferrite and ferro-bauxite.



CHAPTER II

FIELD DATA ON BAUXITE DEPOSITS IN SURINAME
AND DEMERARA (BRITISH GUIANA)

A. CLASSIFICATION

IJzerMaN (1931) who first classified the bauxites on a morphological
basis distinguished two types. '

Plateau type. In this type IJzErRMAN included the bauxite of the Browns-
berg; he supposed that he could also class the bauxite of the Nassaugebergte
with this type. The deposits of the Nassaugebergte as well as those of the
Poeloegoedoe-, Manlobbi-, Lelygebergte and the bauxite found on the Wana
Wiero Hills evidently can be included in IJzerman’s Plateau type. These
mountains are Plateau mountains varying in elevation from 300 to 700 metres.

Lowland type. 1JzerMaN included the bauxite deposits at Moengo and
vicinity, Rorae, Acaribo, Marechals Creek, Ongelijk, Portorico and the terri-
tory around Para Creek in this type. He noted that all these are hills with
a height of from 30 to 40 metres, covered with bauxite,.

IJzerMAN clearly describes the characteristics of the Plateau type. In
the areas mentioned by IJzerMAN in connection with the appearance of the
Lowland type, large bauxite deposits were found below the surface, which
do not satisfy IJzerman’s definition about the Lowland type.

During the fieldwork in Suriname as well as in Demerara the desirability
of giving names to the various types of occurrence of bauxite became evident;
names which not only have a morphological significance but which also are
tied to a certain age, or with other words, the time when the genesis of the
bauxite began.

In connection with this and to prevent confusion, the Lowland type by
I1JzerMAN is replaced by three types of deposits.

The following classification is proposed:

Plateau type bauxite oceurring as weatheringeover on plateaus
-of Plateau mountains with a height of from 300 to 700 metres. The age is
not determined yet, but there are indications that it may be Pre-Zandery.

To this type of bauxite deposits belong the Nassaugebergte, Lely-
gebergte and Wana Wiero Hills, all of which will be discussed later on
(see page 256). '

High-level bauxite, the material is found as a cover on hills
with a height of from 30 to 60 metres. The age is Post-Zandery and Pre-
Coropina.

. Examples of this type are Moengo and vicinity and Paranam and will
be deseribed later (see page 267).
Medium-level bauxite, found as a bed of variable thickness
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and is overlain by sediments of the Coropina formation. The age is also
Post-Zandery and Pre-Coropina.

A number of sections measured at Onverdacht will be discussed on
page 286. :

Low-level bauxite. In this case the soil cover consists of
material of the Zandery-formation, on top of which sediments of the Coropina-
formation may be found. The age is Pre-Zandery.

Some sections measured at Mackenzie (Demerara) are discussed on
page 299 as an example of this type.

Up to now Low-level bauxite has not been found in Suriname, but there
are indications that this type may be found here too (see page 1%).

The following would be-a more lithological classification of the bauxite
deposits in Suriname and Demerara. Three groups may be distinguished.
The bauxite is found:

1. as a weathering residue of bedrock,
2. as a weathering residue of sedimentary clay,
3. as sedimentary or colluvial deposits.

The sedimentary and colluvial deposits only form a small part of the
bauxite known at this time. Practically all important deposits belong to
type 1 or 2, except the greatest part of the deposits found on the Nassau-
and Lelygebergte, which belong to type 3. -

It is impossible to make a sharp distinction between type 1 and 2,
hecause bauxite formed from bedrock can continue into bauxite formed from
sedimentary material. There are also deposits in which the lower part of
the bauxite bed belongs to type 1 and the upper part to type 2. Part of the
Plateau type bauxite belongs to type 1, and also a very minor part of the
High-level bauxite and the lower part of the Low-level bauxite.

To type 2 belongs the greatest part of the bauxite of the High-level
type and practically all bauxite of the Medium-level type.

Parts of all bauxite deposits form part of type 3. Sedimentary bauxite
was found in all deposits; in the Nassaugebergte it was evidently a consider-
able portion. Colluvial bauxite was found in large quantities in the Lely-
gebergte,

It is apparent from the lithological classification of the bauxite deposits
that the morphological classification is more appropriate.

B. PLATEAU TYPE BAUXITE
1. The bauxite deposits on the Nassaugebergte (fig. 1 and 2)

These mountains are situated in eastern Suriname about 130 kilometres
from the coast on the Marowyne river. There are four plateaus which form
part of the mountains; the longitudinal axes of two of the plateaus lie in
an east—west direction, that of the third in a north—south direction, whereas
the fourth is slightly oval. The plateaus have an elevation of about 500 metres
on the eastern side and about 600 metres on the western side. .

The mountains consist of basic rock (slightly to strongly epimetamorphie
chloritized saussuritized basalt, which is rich in hornblende). The borders
of the plateaus are locally formed by faults, the largest of which forms the
western border of plateau C.
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The plateaus are covered with a bauxite-ferrite material, which can
reach a considerable thickness, and this is also the case at the eastern edge
of plateau A and in the south—eastern part of plateau B. The bauxite-ferrite
cover ends abruptly at the eastern edge of plateau A. In several places
cliffs of bauxite-ferrite material with a height of from 10 to 12 metres
are found. ‘ "

In places where it is well-developed, the bauxite-ferrite cover shows a
weathering which resembles the karst type. Here and there caves are found,

SKETCHMAP NASSAU MOUNTAINS

after C.B.L.92

[ skm
——————————

{_ == Contourlines (intervals not equal)

Bauxite -ferrite cover

Fig. 2. Topographical sketch map of the Nassaugebergte.
(C.B. L.; Central Bureau Aeriai Survey, Paramaribo.)

the roofs of which sometimes have collapsed (fig. 3); in other places the
surface topography is very rough through numberless small cavings, which
make it difficult and sometimes impossible to traverse,

In places where the ferrite cover attains a large thickness, the vegetation
is very poorly developed (fig. 4).

The bauxite occurs disseminated on several plateaus; it is mostly found
in lower parts of the terrain in contrast to the ferrite, which is found in
the higher parts. In places where bauxite-ferrite is missing, light-yellow to
dark brown-red clay comes to the surface.

During the rainy season, in the lower parts of the terrain where bauxite
is found, on many places develop swamps (fig. 5). But bauxite deposits
are also found in the higher parts of the field. When Ir. DoEvE ®) investigated
these deposits, it became apparent that these higher bauxite fields constitute
old swamps, subsequently drained by several little creeks.

') Ir. G. DOEVE, Personal Communication,



Fig. 3. Cave in the ferrite cover of the Nassaugebergte of which the roof has
collapsed. The tree with which the roof has descended, has a diameter of about
80 centimetres.

Fig. 4. Very poorly developed vegetation on the ferritecap of the Nassaugebergte
SE-part Plateau B.
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The fact that a part of the bauxite was primary formed in situ could
be established without reasonable doubt. Some quartz veins traverse from
the bedrock into weathered bedrock and ean be followed traversing the
residuary clay, the transition zone and the bauxite-ferrite.

In the steep walls of the eastern border of Plateau A frequently
weathered-out quartz veins are found.

Sedimentary bauxite is very common. The material consists of bauxite

Fig. 5. Prospection pit in white bauxite in a swamp on plateau C of the Nassaugebergte.

gravel cemented by bauxite. Sometimes small fragments of quartz are found
with a diameter of up to about two centimetres.

As the bauxite is found almost exclusively in the lower parts of the
terrain, a bauxite layer which can be followed over a great distance is rarely
encountered.

The weathering section (fig. 6) of the Nassaugebergte was constructed
on the basis of drlllmvoperatlons prospecting pits and surface evidence. In
this section the sedimentary bauxite-ferrite is left out; bauxite- and ferrite-
breccia will only be mentioned as structure types.

The lithological section from the top downward looks as follows: soil
cover, bauxite-ferrite, transition zone, residuary clay, weathering zone of bed-
rock (in the following mentioned as weathered bedrock) and solid rock.
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Mostly the soil cover is very thin, the maximum thickness being 50 centi-
metres. It consists of Fe-beans and small stones, black humus-rich earth
and locally some clay.

The baurite-ferrite here and there reaches a thickness of from 10 to
15 metres, but is missing in other places,

In general ferrite is found as the upper part of the bauxite-ferrite
mantle. A number of sections of the
bauxite-ferrite cover was constructed on
the basis of well logs. Some of which
””’ were supplied - by the Geological and
Mining Survey of Paramaribo (fig. 7).

The variety of bauxite and ferrite in
these sections is eclosely connected with
the type of occurrence. In the swamps
practically white bauxite is found; on
the borders of the swamps the bauxite
changes via ferro-bauxite and bauxo-
ferrite in ferrite. The morphology of the
terrain is subjeet to continual changes;
, sometimes rivers cut into swamps and
—]—}—|=—}=1—1| these are drained; in the course of time
other parts of the terrain develop in
such a way, that water begins to accu-
mulate, and a new swamp is formed. In
—]—=1—1—]~—1~—1]| the swamps, in addition to the white
bauxite, some pieces of bauxite with a
—_ — = = = pure white shell of a few centimetres
X — X — X — X thick are found, while the central part
still consists of ferro-bauxite. The reverse
— X = X — X —| is also found in dry run swamps, where

X — X — X — X shells of ferrite enclose a centre of white
hauxite.

X X X A number of such subsequent changes
in the morphology of the terrain will
produce sections as in fig. 7, as Fe-con-
centration and -leaching follow these
changes.

-5°“C°V°f‘ E]Kaolinin situ Generally the following types of
ferrite can be distinguished:

R

Q

—l=l=1=1=1—1

Bauxite - Weathered ‘
zone of bedrock a. Dense, homogeneous ferrite. The

ferrite mantle
Transition- : material is finely granular, the
zone Sol'd rock colour varies between red and

dark red-brown. Scattered between
the ferrite are found hematite-
. grains, and this material is also
often found on the walls of little cracks.

b. Porous ferrite, with a spongy exterior. The walls of the pores in most
cases are covered with hematite. In some places in the ferrite little
cavities are found, filled with very coarse, erystalline gibbsite.

c¢. Laminated ferrite is found only in small quantities. The layers run

Fig. 6. Schematic weathering scction
of the Nassaugebergte.
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almost horizontal. This type of ferrite consists mostly of alternating
beds of ferrite and red to red-brown clay.

Pisolitic ferrite. Three classes can be distinguished: 1. the pisolites
consist of ferrite and are cemented by bauxite; 2. the pisolites consist
of bauxite and are cemented by ferrite; 3. pisolites as well as the
cement consist of ferrite. Often the exterior shells of the pisolites
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Schematie bauxite-ferrite sections of the bauxite-ferrite cover on the Nassau-

gebergte, the variation of bauxite and ferrite is caused by the changes in the morphology
of the terrain, which changes are followed by Fe-concentration and -leaching.

e.

consist of ferrite, while the centres are built up of hematite. The
pisolites have a diameter of from two to ten millimetres.

Ferrite breccia. This material is very dense, the size of the components
varies from a few millimetres to various centimetres. The cement
may consist of ferrite as well as of bauxite.

The pisolitic ferrite and the ferrite-breccia are always found at the sur-
face. Dense, homogeneous ferrite sometimes alternates with the porous type.
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These types are found when the ferrite horizontally as well as vertically
continues over large distances.
In general the following lithological types of bauxite are found:

a. Dense, homogeneous bauxite. The material is of a white to light-
yellow to grey colour and extremely fine-grained. Little cracks are
mostly filled up with macro-crystalline gibbsite, although white clay
is sometimes found also.

b. Porous bauxite, with a spongy appearance, The walls of the pores
with a diameter of up to three millimetres are generally covered
with a thin film of gibbsite. Some pores and cavities are filled with
macro-crystalline gibbsite or white clay.

¢. Laminated bauxite. The laminations consist of alternations of miero-

Fig. 8. Bauxite-breceia. Several pisolites show little angular
centre-peaces, Nassaugebergte. X 3.

to macro-crystalline gibbsite and white clay. Locally a lamination
is found caused by alternating layers of iron-rich and iron-poor
material,

d. Pisolitic bauxite. This is of a white to light-yellow colour, often the
centres of the pisolites are not indurated but soft argillaceous. They
have a diameter of from two millimetres to ten millimetres. Occasion-
ally two or three oélites appear as centres, and once in a while an
angular fragment of bauxite forms the centre. The cement consists
‘of bauxite.

e. Bauxite-clay. The material is white to yellow coloured and can be
distinguished from the other clays by its quick disintegration in water.

f. Bauxite-breccia. The components are up to three centimetres in dla-
meter; the cement also consists of bauxite (fig. 8).

The various types of bauxite are generally seen at the following places.
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Pisolitic bauxite is found mainly at the surface of the bauxite fields.
.On an average, the dense, homogeneous bauxite is also found rather close
to the surface and it can reach a thickness of about 1.5 metres. The beds
generally pinch out rather quickly.

Porous bauxite generally occurs in the transition zone between clay
and bauxite-ferrite, in which zone bauxite-clay is also frequently found. The
laminated bauxite is found in layers, varying from a few centimetres to
1 metre thick, throughout the bauxite layer.

The transition zone between bauxite-ferrite and weathering clay varies from
a few centimetres to 1 metre in thickness. In the yellow to yellow-white
clay little nuclei of bauxite, about 1 millimetre in size begin to appear.
Towards the top of the transition zone the nueclei begin to form horizons
separated by layers of clay, partly comsisting of bauxite-clay. A certain
number of these nueclei grow to coneretions, which are mostly irregular
in shape.

Washed samples of the clay contain small angular grains of quartz,
which are still found in the lower part of the transition zone, but which
practically have disappeared in the upper part of the transition zone. In
the upper part of the transition zone practlcally all the material consists of
bauxite and bauxite clay.

Some quartz veins continue from the weathering clay into the bauxite;
they show symptoms of dissolving but they have not completely disappeared.

The residuary clay directly underlying the transition zone ean reach con-
siderable thickness. A thickness of 30 metres and more is quite common,
(At the laboratory investigation the main constituent of this weathering
clay turned out to be kaolinite.)

Weathered bedrock. The changing of the residuary clay into this material
is gradual, generally this change takes place in a zone, which varies in
thickness between 50 centimetres and about 3 metres. The colour of the
rock in this zone still is preserved as well as the texture and structure. The
material consists of a grey to greenish grey econsistent clay, Jomts usually
are still preserved.

The solid rock is very dense, fine-grained granular and has a green
colour. It consists of a light to strongly epimetamorphic chloritized and
saussuritized basalt. In the southern border of plateau B the quartz veins
contain kyanite.

The weathering starts from the joints and tends to form spheroids.

The bauxite-ferrite cover of the Nassaugebergte partly consists of a
material, which is definitely the weathering product of the bedrock. In
addition to this autochthonous bauxite-ferrite there has been found a
sedimentary bauxite-ferrite. The investigations showed that the sedimentary
bauxite-ferrite is of more importance than autochthonous bauxite-ferrite.
The sedimentary bauxite, however, consists entirely of material coming from
an autochthonous weathering product of the basic rocks. The quartz com-
ponents, occurring in this sedimentary bauxite are generally about as angular
as the bauxite-ferrite components, so that the transport has taken place
over a very short distance only.
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In comparison with the bauxite-ferrite deposits which occur elsewhere
in Suriname, in the shape of bauxite-ferrite covers, the covers on the plateaus
of the Nassaugebergte are not thick. The cause of this probably lies in
the following."

As later on will be evident (Chapter IV) the assumption may be
justified, that the bauxite-ferrite of the Nassaugebergte belongs to the oldest
bauxite-ferrite in Suriname. In this way the erosion has already asserted
its influence for a long time, so that a large part of the bauxite-ferrite
has disappeared.

That some bauxite-ferrite is left, is mainly caused by the deposition
of sedimentary bauxite, which material was rapidly c¢emented by bauxite.
Closely connected with this cementing by bauxite is the bauxitization, which

vlli alluvial clay ’III‘ :?::cthonous weathering , creek.

Fig. 9. Schematic scction, showing the formation of steep walls at the rim of plateaus
with a bauxite-ferritecap (After BLEYs, 1953).

process caused the cementing by bauxite and at the same time continually
produces new bauxite. As the erosion works more rapidly than the bauxi-
tization, the bauxite-ferrite cover will disappear eventually. Ferrite is found
in much larger quantities than bauxite. _ :

In the first place ferrite is considerably more resistant than bauxite.
Pebbles of ferrite are often found, but pebbles of bauxite are much less
common and then always in the close vicinity of the bauxite deposits. In
the second place most of the ferrite deposits are found at the borders of
the plateaus; the ferritization works very rapidly here, probably because
of the greater depth of the water table. Moreover, the erosion works dif-
ferently. In the centre of the plateaus the erosion only works at the surface;
at the borders of the plateans the water penetrates below the ferrite ecover
and carries away the underlying clay. Thus the ferrite is undermined and
it caves in at the rim, where very steep inclinations come into existence
in this way, as in the eastern part of plateau A. BrLEvs (1953) already
deseribed this form of erosion of the bauxite-ferrite cover in the Browns-
berg (fig. 9).
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2. The bauxite deposits on the Lelygebergte (fig. 1, 10 and 11)

The Lelygebergte is situated in eastern Suriname, about 190 kilometres
from the Atlantie coast, in the north—west corner between the Tapamahony
and the Marowyne river. The plateaus which have an elevation of about
600 to 700 metres, are ranged in the shape of a horse-shoe around the Djoeka
Creek, a contributary of the Marowyne river. The lowest point of the
plateaus lies in the east; the elevation increases towards the west to about
700 metres.

The Lelygebergte as well as the Nassaugebergte consists of basie rock,
which is again much weathered.

Fig. 11. View of the south-eastern plateau of the Lelygabergte, looking north-west.

The plateaus are covered with a weathering eap of variable thickness,
consisting of bauxite-ferrite, partly as autochthonous weathering produect of
the basie solid rock, and partly as sedimentary bauxite-ferrite.

The lithological section from the top downward has the same features as
that of the Nassaugebergte, namely soil cover, bauxite-ferrite, transition zone,
restduary clay, weathered bedrock and solid rock.

The bauxite and the ferrite show the same texture and structure and
mutual transitions as described for the Nassaugebergte.

The outside rims of the plateaus are very steep and subject to the same
form of erosion as the eastern border of plateau A and the south—eastern
border of plateau B of the Nassaugebergte. The inward slopes of the plateaus
however, are much less steep and over large distances covered with colluvial
bauxite, which may reach a thickness of more than 8 metres.
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In the bauxite deposits that were visited, colluvial bauxite was found
only in considerable quantities in the Lelygebergte (fig. 12).

3. The bauxite deposits on the Wana Wiero Hills (fig. 1).

The Wana Wiero Hills are situated in western Suriname, about 150 kilo-
metres from the coast on both sides of the Kabelebo river near the Wana
Wiero Falls.

The hills reach an elevation of about 300 metres; they are covered with
a bauxite-ferrite cap of a thickness of from 0 to 1.5 metres. Here
too the bauxite-ferrite is partly sedimentary. The weathering does not differ
from the previous ones. The solid rock is a gabbro, weathering to bauxite-
ferrite.

As far as is known all hills and mountains in Suriname, that consist
of basie rock and its weathering products, are covered with a bauxite-
ferrite mantle.

I Bauxite -ferrite cover Kaolin in situ
[E2Y Colluvial bauxite-Ferrite [X.*] Solid rock

Fig. 12. Schematic section showing collovial bauxite-ferrite on
the inner slopes of the Lelygebergte.

C. HIGH-LEVEL TYPE BAUXITE
1. The bauxite deposits at Moengo and vicinity

The area includes (fig. 1, 13) part of the terrain between the Cottica
river and the Marowyne river; it stretches in a strip of 25 kilometres breadth
over a distance of 30 kilometres, parallel with the coast.

The terrain which rises to the east as well as to the south lies at an
elevation varying between 2 and 10 metres above Moengo Water Mark
(the average water level of the Cottica river during 18 years). Above this
level lie the summits of some hills, which reach elevations of from 30 to
60 metres, these hills can be divided into two. groups:

Hills which are flat-topped and covered with bauxite-ferrite mantles,
the slopes are very steep.

Hills which are round-topped and have no bauxite-ferrite cover, the
slopes are much less steep.

About 30 hills in this area belong to the first type; examples are the
Moengo- and the Ricanau Hill. To the second type belong the Gemerts Hill
and the Sandy Hill,
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The region is drained by a large number of creeks which drain into the
Patamaca river and the Coermotibo river, tributaries of the Cottica river,

Fig. 13 is a Geologlcal sketeh map, - indicating the outecrop areas of the
following deposits, listed in order of age.

d. Demerara formation,
.. Coropina formation,
b’. Bauxite-ferrite,

b.  Zandery formation,

a. Orapu formation.

"Although the bauxite-ferrite deposits do not constitute a separate
formation because they are the weathering product of material belonging
to the Zandery formation, the bauxite-ferrite has been inserted into the
legend on account of its petrographie, stratigraphic and economic importance.

The various formations already have been discussed in Chapter I, but
it should be emphasized that it is very difficult to distinguish the sands
of the Zandery formation from the residual quartzose sands washed down
from the kaolinized schists of the Orapu formation. This sand being alluvium
has to be classed with the Demerara formation.

When studying the aerial photographs of the region one gains the
impression that groups of hills like the Jones Hills, Adjoemakondre Hills
and Lobato Hills have once formed a complex. This impression is
strengthened when studying the topography of the Ricanau Hill, which
almost is divided into two parts by erosion. When this division will be
completed two smaller hills will be left with their longitudinal axes running
north—south. This direction of the axes agrees with that of eight other
hills in this area. To investigate this phenomenon a number of sections were
measured through the area.

One east—west section (fig. 14, A—C) in whlch use was made of a part
of the section which was measured by O.W and V.*%) for a projected
highway between Albina and Moengo.

One north—south section (fig. 15, B—D), which together with the follow-
ing sections was measured by the Geological and Mining Survey of Suriname.

Three connected sections (fig. 15, D—E, E—F and F—QG) through the
southern part of the area near Moengo.

The east—west section runs from the Cottica river via the Moengo,
Haman, Ricanau and Adjoemakondre 3 Hills to the Coermotibo river. The
bauxite-ferrite mantles of these hills do not differ much in elevation, only
the mantle of the Adjoemakondre 3 Hill has a notably higher elevation.

The north—south section starts on the Ricanau Hill, continues over the
Jones Hills to 10.8 kilometres, where the section connects with section D—E,
E—F . and F—G. From this north—south section a eclear plunge of the
connection line of the bauxite-ferrite mantles to the north is apparent.

The connecting lines of the tops of the hills show respectively an
inclination of 29, 36" and 17’ from south to north.

The section D—E, E—F and F—G cross a terrain, in which numerous
small but high, steep hills are found, consisting of kaolinized schists. In
the section E—F there is a hill of about 60 metres high, covered with a

‘) Department of Public Works, Paramaribo, Suriname,
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bauxite-ferrite cover, rising far above the hills of kaolinized schists in the
vicinity. The connecting line of the bauxite-ferrite mantle of this hill, the
Theresia Vadong, with the bauxite-ferrite mantle of the Moengo Hill is
.inelined about 12’ to the north. For the connecting line between the Theresia
Vadong and the Jones Hill 1 C an inclination of 6’ has been calculated.

The possibility that the bauxite-ferrite covers at one time formed part
of one unbroken mantle will be discussed below.

The Moengo Hill as well as the Ricanau Hill are representative for
the hills covered with bauxite-ferrite. Here the Haman Hill forms an
exception, and therefore the section of this hill will be discussed separately.

A short description of the Gemerts Hill follows as an example of a
hill which is not covered with bauxite-ferrite.

SECTION MOENGO HILL
Inclination baé:xite{ferrite cover
Tand 11 Drilf hotes
Bauxite - ferrite
E< »W H Bauxite bovlders
Grey.grey to yellow sandy

clay (Demarara formation)

' Sedimentary clay, kaolin

17/

(Zanderij formation)
Kaolin (in situ)
4 ' SR\ NCSr SC £7e MWM
8 T !
. 0 50 200 m
+ 04 1 L 1
z250m ' 1
20m 0dm

Fig. 16. East—west section through Moengo Hill

MOENGO HILL (fig. 13 and 16)

This hill is situated in the western part of the Moengo area; the western
limit is formed by the Cottica river. The material surrounding the Moengo
Hill belongs to the Demerara and Zandery formations.

The longitudinal axis of this hill lies in a north—south direction. The
bauxite mantle dips 18" to the north. The lowest point is in the north at
9 metres above M. W. M., the highest in the south at 27 metres above M. W. M,
A possible inclination to the east or west could not be established because
the top of the hill is too narrow and the surface is too irregular.

From the top downward the section looks as follows:

thickness
Soil ecover O to = 1.5 metre

Ferrite |
Bauxite + 1 to = 8.0 metres

Transition zone == 1.5 to = 2 metres
Sedimentary clay. The thickness could not be measured, but from
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drillings it was established that this layer ean reach thicknesses
of more than 20 metres.

Fossil autochthonous weathering clay. Only one drilling is known
to have reached solid rock?®). In this case the weathering clay
had a thickness of 39 feet.

Solid rock, consisting of staurolite schist was found in this drill
hole at 99 feet.

The soil cover consists of beans and little stones of limonite and bauxite-
ferrite boulders and sometimes some arenaceous black soil.

i . . : “l cm % 1

Fig. 17. Iron beans and little stones arising from the weathering of the upper part
of the ferrite-cap (Moengo Hill),

The beans are mostly round with a brownish-black ecolour and a relativily
high luster. The little stones on the other hand, have an irregular form and
have a dark-brown to brown-yellow colour and no luster. These beans and
little stones are formed through the weathering of the upper part of the
ferrite mantle (fig. 17).

Bauxite-ferrite pebbles are found mostly in the numerous channels of
ancient creeks, cutting the bauxite-ferrite mantle. On removal of the
soil cover extensive ecreek systems appear (fig. 18). The pebbles have a

*) Drill hole, Surinaamsche Bauxite Maatschappij.
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diameter of up to 60 centimetres; mostly consisting of ferrite; bauxite pebbles
are found much more rarely.

The black earth is very rich in plant rests, occasionally a few thin lenses
of quartzitic sand are found. ‘

Ferrite is locally missing; elsewhere it may be found in beds of a thick-
ness of various metres, The vegetation is somewhat dependent on the thick-
ness of the bauxite; it is poorest in places where the bauxite is thickest.

Although ferrites with a high Fe,O,-percentage at first sight seem to
occur at random, some regularity may be found. It is a faet, that ferrite
often is missing in the lower levels of the terrain as in the beds of creeks

Fig. 18. An old creckbed appearing after removal of the soil cover (Ricanau Hill).

and in other depressions of the field, while especially high-grade ferrite was
found in the highest parts of the terrain.

Besides, as a concentration of high-grade ferrlte in the higher parts of
the terrain, the ferrite is mostly found as a more or less horizontal mantle
on top of the bauxite (fig. 19). The whole mantle may consist of bauxite,
which is generally the case at the borders of the bauxite-ferrite mantles.
- In the centre of the cover, where the ferrite bed is subject to great
changes over very short distances, often the ferrite is found in the bauxite
in the shape of a funnel. Downward the ferrite seems to be connected to
a certain level, below which practically no more ferrite is found.

In the ferrite there are often larger and smaller, mostly capriciously
formed pockets of ferrite with a poor Fe,0,-content, or bauxite. Several
times even coarse crystalline gibbsite was found.
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Macroscopically have been found in the ferrite partly dissolved quartz
grains, staurolite, tourmaline, musecovite always orientated horizontally, and
hematite, which covers the walls of the cellular ferrite and the walls
of the pores mostly in the shape of a blue-violet dull little coat. Loecally
well-developed botryoidal hematite is found.

Structurally the ferrite may be divided very roughly into the following
types: :

a. Dense, homogeneous ferrite. The material is very fine-grained and
few pores are found; the colour red to dark red-brown. Scattered
grains of hematite oceur which material also covers the walls of
the pores.

Fig. 19, The mineface on the Ricanau Hill clearly shows the ferrite overlaying
bauxite, height of the mineface is about 6 metres.

b. Fine- to coarse-grained laminated ferrite, consisting of thin beds up
to 3 millimetres thick. Sometimes the lamination must be attributed
to the orginal lamination of the sedimentary eclay. In other cases
the lamination is caused by alternating thicker and thinner beds of
ferrite and ferruginous clay.

c. The cellular ferrite is found in coarse- as in finely cellular shape,
the diameter of the cells varies of from 2 millimetres to 4 centi-
metres. The walls of the cells mostly are thin (= 0.3 to 1.0 milli-
metre) and they are often covered with a film of hematite. Inter-
cellular ferruginous clay often is found, whereas, in other cases these
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spaces are empty. A special type of cellular ferrite is a ferrite,
which is very fine cellular (a diameter of from 1 to 3 millimetres)
and in which the walls of the cells consist of hematite.

d. Limonite is found as beds of dense, homogeneous material of a light-
brown colour. Generally these beds are not thicker than about
50 centimetres; sometimes they show a horizontal lamination.

The dense, homogeneous ferrite principally is found in the upper layer
of the bauxite-ferrite cover just below the surface. The laminated ferrite is
found in several places in the section and it may continue over large dis-
tances. Porous bauxite mostly is found in the centre and at the bottom of

Fig. 20. Sharp boundary between bauxite and ferrite, which consists of cellulary
hematite (Ricanau Hill),

the ferrite cover, where, together with the cellular ferrite it gradually
changes into bauxite. Limonite beds are found in the entire bauxite-ferrite
cover, generally they continue over large distances and occur in the ferrite
as well as in the bauxite.

It must be pointed out that this classification is an approximate one
and that ferrite mostly has a structure which forms the gradation between
the above mentioned types. The transition to the lower bauxite may occur
either gradually or very suddenly (fig. 20). )

Also on the basis of the structure in the bauxite various classes may
be distinguished :

a. In dense, homogeneous bauxite two types may be distinguished:
the first is very finely-grained, and fine stromatitic structures may
be observed. The colour is light pink to yellow-white. The bauxite
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of this type shows fracturing along the planes of the structure. The
second type is coarse-grained and here crystals of gibbsite of from
1 to 4 millimetres in size occur. This material is almost colourless
or yellow-pink.

In both types there are practically no pores; here and there small
vugs are filled with white clay. Quartz grains are found which
clearly show solution symptoms; also staurolite, tourmaline, muscovite,
the last one orientated horizontally, are found. The small beds in
which the heavy minerals are concentrated do not run parallel to
the stromatitic structures.

b. Laminated bauxite. Here too coarsely crystalline and eryptocrystalline
gibbsite occur separately and together. The lamination may be caused
by a change of thin beds of bauxite and white clay up to 5 milli-
metres thick; another possibility is an alternation of coarse and
cryptocrystalline material, lamination also may be caused by a dif-
ference in contents of Fe,0,. Several times lamination by alternating
porous and dense, homogeneous thin beds of bauxite has been found.

e. Porous bauxite. Very porous and sligthly porous material is
found in horizontal as well as in vertical directions. Often the
pores still contain remnants of quartz grains; the staurolite and the
tourmaline do not show solution symptoms in the handspecimen.
Locally oceur horizontal beds of from 20 to 60 centimetres thickness
in which staurolite is found in very large quantities. Generally the
quartz grains have disappeared, leaving a porous structure.

d. The very thin cell walls of the eellular bauxite consist of crystalline
gibbsite. Often these walls are covered with colourless coarsely
crystalline- gibbhsite. Often white eclay and bauxitic clay is found
intercellularly.

e. Bauxite clay with concretions. Here too the bauxite clay may be
confused with the white clay below the bauxite, bauxite clay is
locally found in small vugs and very thin beds. Here too the rapid
disintegration in water forms a distinetive mark of identifieation.
The concretions are cylindrically shaped and often they have a
capricious form. The size varies between a length of a few milli-
metres and a few decimetres and a diameter up to = 1.5 centimetres,
their colour is white-yellow, yellow-pink to dark pink. The bauxite
is very dense and fine-grained; mostly the pores and small holes in
the concretions are completely or partly filled with colourless coarse
macroerystalline gibbsite.

The eclassification of the bauxite, as in the ease of the ferrite, is very
rough. The larger part of the bauxite consists of transitionmaterials and
mixtures of the types mentioned.

Bauxite clay with concretions occurs in the middle as well as at the
bottom of the bauxite bed. Beds of dense, homogeneous bauxite, which may
attain a thickness of from 2.5 to 3 metres, traverse it. Locally the cellular
bauxite is well-developed throughout the whole bed, but it does not form
continuous beds over large distances. Porous bauxite is found very often
at the bottom of the bauxite bed and in the transition zone to the white clay.

Here too a karst-type weathering was found, although less intense than
on the Nassaugebergte. The appearance of solution in the bauxite bed is
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striking in places where the bauxite in the mine-face was exposed to the
atmosphere for long perlods (fig. 21).

- Downward inecreasing quantities of white clay begln to appear in the
form of thin beds, vugs and pockets.

The thickness of the transition zome bauxite — kaoline varies of from 1.5
to 2 metres.

Fig. 21. Bauxite in a mineface has been exposed to atmosphere for some time,
solution is apparent (Ricanau Hill).

In this zone many tubular eoncretions of porous bauxite are found.
Here also, 10 to 20 centimetres thick banks of the same porous material
appear, interfingering with the white clay (fig. 22a and b).

The lower part of the transition zone is formed by beds econsisting of
partially porous bauxite up to 20 centimetres thick. Also in the lower part of
the transition zone thin beds of clay are found with a material which is



Fig. 22a. Horizontal layers of porous bauxite in which still many partly dissolved
quartz grains are found (transition zone, Ricanau Hill).

Fig. 22b. Horizontal layers of porous bauxite in which still many partly dissolved
quartz grains are found (transition zone, Moengo Hill).



279

pale pink to yellow-coloured, in contrast to the surrounding white clay. These
coloured bands at the bottom of the transition zone are still soft; a little
higher up they begin to become hard and then consist of bauxite and kaolin.
Still higher up in the transition zone the quartz grains have disappeared more
and more through solution. As a first indication of this, pores are found,
which still eontain remnants of quartz grains, these do not fill all the space
in the pores. The grain itself is very irregular in shape and shows solution
cavities. The quartz grains become increasingly smaller and finely they
disappear, after which a porous material results, consisting entirely of bauxite.

Sedimentary clay; sand lenses and beds to a thickness of about 1,70 metres
are found. This clay is very plastic and generally white; locally small
quantities of light yellow, pink and violet varieties are seen. Laboratory
examination disclosed the fact that this sedimentary clay consists mainly
of kaolinite. :

Much quartz, staurolite, tourmaline and muscovite has been found, con-
centrated in horizontal thin beds. The muscovite always is arranged parallel
to the horizontal level. The grains strongly diverge in size and generally
they are rather angular. The sand lenses and beds sometimes contain small
grains of bauxite.” Many concretions of bauxite have been found in the
kaolin, most frequently in top of the kaolin bed quite near the transition
zone and also often in certain other levels.

a. Bauxite eggs have a relatively smooth surface. Sometimes they are
a little more eylindrical in shape, in these cases they are found with
their longitudinal axes oriented vertically. The bauxite eggs occur
loeally and generally they are concentrated in horizontal levels. The
size varies about from 3 centimetres to 20 centimetres in diameter.
These eggs consist of a hard shell of bauxite and a core which
often eonsists of kaolin. Exceptionally, bauxite eggs with a hollow
core are found, sometimes containing water. In this case often small
rods and tubes of ecoarsely crystalline gibbsite occur, which run from
wall to wall through the hollow core, while in the centre they
intergrow.

A thin bed of staurolite grains was found which traversed through
a bauxite egg and continued into the kaolin.

b. The compact elongated oval-shaped econcretions consist of erypto-
crystalline and coarsely ecrystalline gibbsite, while porous bauxite
also may form the main constituent. In the pores often quartz grains
are encountered, which hardly show any solution symptoms. The
concretions give the impression that they are the first products in
the transition from sedimentary clay to bauxite.

e. Cylindrical concretions are constructed prineipally of dense, erypto-
erystalline gibbsite; in the core of the concretions often a small hole
oceurs, the wall of which is covered with coarsely crystalline gibbsite.
Locally this type of concretions forms entire stock-works, which may
spread radially from a centre that generally has a cylindrical shape
and also consists of eryptocrystalline gibbsite.

d. Irregularly shaped concretions. Highly variable forms are found.
Sheets with a thickness of a few millimetres, and also clews of
cylindrical shaped concretions, irregular- and tubular forms are
seen. Most of these concretions consist of dense, fine-grained gibbsite.



280

In the kaolin a large number of joints oceur; on the joint planes densely
erystalline gibbsite is found. On a number of these joint planes indications
of movement were found in the form of striated surfaces.

Fossil autochthonous weathering clay. The laboratory examination showed
this weathering clay also consists of kaolinite. Often it is difficult to fix
the boundary between the sedimentary clay and the autochthonous weathering
clay. Locally a bed of sand, which seldom is well-developed, is found
between these two deposits. Mostly a bed of sandy kaolin rests upon the
autochthonous kaolin. Pieces of quartz and muscovite nests are a sure
indieation in a well that this autochthonous kaolin has been reached.

In a few places this autochthonous kaolin crops out and it has been
established that we have to do with a kaolin-staurolite schist.

The data on solid rock are very scarce. The Surinaamsche Bauxite
Maatschappij disposes of a number of analyses of samples obtained of a

SECTION HAMAN HILL o nw o [CT)Bawite

Kaolin & broken bauxite concretions
Sedimentary clay (kaolin)
Kaolin(n situ?)

2 Y./ Kaolin (in situ)

m
20

v

Fig. 23. 8.E.—N.W, section through Haman Hill, also showing folding in the
kaolinized sehists (Bonnidoro serie).

drilling operation on the Moengo Hill. According to these data solid rock
was reached at a depth of 99 feet.
The average of three analyzed gave:

AL,0, Si0, Fe,0,
23.27 % 66.22 % 7.56 %

Though these chemical data are very limited, they do not contradiet the
supposition that the material that was sampled, consists of staurolite schists,
a rock type frequently found in the vieinity.

HAMAN HILL (fig. 13 and 23)

This hill is situated off Kilometre 39.4 on the south side of the road
from Albina to Moengo.

The section looks as follows:

Soil eover of from 0 to 1 metre.
Ferrite

Bauxite { 4P to 4 metres thick.
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Sedimentary clay with concretions, == 6 metres thick.
Fossil autochthonous weathering clay.

The soil cover consists of iron beans and little stones together with some
material rich in humus. Scmetimes somewhat sandy soil is found.

Ferrite-bauxite has been found in the shape of a cover consisting of large
ferrite-bauxite boulders, which are locally cemented. If no cementing took
place, the eracks and joints are filled with kaolin and concretions, material
from the soil cover is also found in these places.

"~ Ferrite practically forms the upper layer of the bauxite-ferrite mantle
The bauxite predominates in the centre and the lower part of the mantle.
The types occurring in the bauxite-ferrite already have been described with
the Moengo Hill. Generally the bauxite here is more fine-grained than in
the former deposit. In some boulders of the bauxite-ferrite mantle thin beds
of heavy minerals have been found, which do not continue into the adjoining

boulders.

The sedimentary clgy with eoncretions eontains many components of mainly
laminated bauxite, which lies orientated at random. Cylindrical coneretions
are frequently found; they consist of small fractional pieces, which also lie
orientated at random. In the upper part of this bed no relict minerals are
encountered in thin beds as quartz, staurolite, tourmaline and muscovite,
in contrast to the Moengo Hill and other deposits.

Downward in the section the random orientations of the minerals decrease
and loeally thin beds of heavy minerals with ereep symptoms may be observed.
Still lower the minerals are found in horizontal, undisturbed thin beds. The
sedimentary character of the clay, which here also consists of kaolinite, is
very evident. It is not possible to make a sharp separation between the zone
which obvious has been crushed and the undisturbed sedimentary kaolin,

Fossil autochthonous weathering clay. Here kaolinized schists are found
whieh oceasionally erop out well. The folding of these schists may be observed
very well (TeEr MEULEN 1949).

Pegmatites occur frequently, besides quartz, muscovite and large pieces
of weathered tourmalines, we encounter spots of pure white kaolin. In the
quartz there are often large concentrations of tiny white spots with straight
sides. These white spots are probably kaolinized feldspars. Besides very
much weathered pyrite also much staurolite has been found.

On the basis of these data it is suggested that the bauxite-ferrite mantle
of the Haman Hill has slumped down over the transition zone and the
sedimentary clay. These beds have been partially grounded, so that the beds
of porous bauxite and the cylindrical coneretions have been mashed.

During this partial slumping down, the bauxite-ferrite mantle has been
fractured into a large number of boulders between which, kaolin with con-
cretions and material from the soil cover, could penetrate. Later on some
of these blocks have been cemented again.

GEMERTS HILL (fig. 13 and 14)

This hill is an example of the type without a bauxite-ferrite mantle and
with gentle slopes.
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The hill is situated off Kilometre 37, north of the road from Albina to
Moengo. The bauxite-ferrite mantle and the sedimentary clay are missing here.

A cover of iron beans and stones, limonite coneretions and soil rich in
humie material, covers the kaolinized schists, which here are situated directly
below the soil cover.

The schistose structure has faded strongly in the kaolin schists, which
is caused by the concentrations of Fe-hydroxides. Throughout the schists
traverse a number of pegmatites and quartz veins. As main constituent the
pegmatites have muscovite, whereas further quartz, weathered tourmalme
and spots of white kaolin have been found.

The bauxite-ferrite mantles are the weathering product of the sediment-
ary kaolin below these mantles.

This kaolin varies in thickness, and locally it is missing. Thus in these

places the weathering covers are the weathering produet of kaolinized
schists. In some places it has been ascertained, that the sedimentary kaolin
was missing, in these cases the weathering product consisted of ferrite.
" On the basis of the sections (fig. 14 and 15) the inclinations between
the bauxite-ferrite mantles of a number of hills were computed. The calculated
amounts are relatively small and they leave open the possibility that the
bauxite-ferrite mantles have earlier formed one single plain. It is possible
that the alluvial plain consisted of a number of terraces. The remnants of
this old bauxitized alluvial plain are too inconspicuous however to support
this possibility. The extensive creek systems point out, that earlier date
the bauxite-ferrite mantles have been much more widespread. The bauxitized
alluvial plain has been cut into by a lowering of the erosion-basis. The hills
found at present with a bauxite-ferrite cover form the last remnants of an
extensive bauxitized surface. In places where the erosion has proceeded
somewhat farther than on the bauxite-ferrite hills, the Gemerts Hill type
is found.

2. The bauxite deposits at Paranam (fig. 24)

This area is situated south and south-east of Onverdacht in a part of
the coastal plain occupied by the Coropina formation.

The bauxite which is found here, belongs to the High-level as well as
to the Medium-level type. The Medium-level type, however, will be discussed
on the basis of observations at Onverdacht, where this type of occurrence
has been exposed very well in a number of mines.

High-level bauxite is found at Paranam as well as at Moengo as weather-
ing covers over hills with an elevation of from 10 to 30 metres. At Paranam
are found the Topibo-de Vrijheid, Onoribo, Osembo and St. Helena Hills.
Nearly 10 kilometres east of Onverdacht the Aecaribo Hill is situated. A
number of hills of the same type is found on the east bank of the Suriname
River at Rorac and Rie a Rac.

The bauxite-ferrite covers show a great resemblance to those at Moengo
and vieinity. A large number of ereek beds ocecur, which eut back into the
bauxite-ferrite covers. In the creek heds large quantities of rounded pebbles
of bauxite and ferrite were found (fig. 25).

In some places it is doubtful that all the bauxite-ferrite covers are the
in situ weathering product of sedimentary clay. The sedimentary character
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TOPOGRAPHICAL SKETCHMAP AFTER CB.L.

0 —————————15 km
Onverdacht(Onverdacht Welgedacht
Mocca)and Paranam

e RoO2d = Railroad
@Hills covered with bauxite-ferrite

(7]
OVERTOOM

TOPIBO

Fig. 24, Topographical sketch map of Onverdacht and Paranam,

Fig. 25. Bauxito-ferrite pebbles in an old creekbed on the bauxite- ferrxte cover
of Topibo-de Vrijheid. 2
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of the kaolin clay of the Topibo-de Vrijheid, Onoribo, St. Helena and Acaribo
Hills eould be established. )

The bauxite-ferrite mantle of the Osembo Hill has been removed so that
here no more investigations could be done. The kaolin, however, which at
present crops out is not sedimentary but the weathering produect of schists.

Some tens of kilometres to the south, at Overtoom, kaolinized schists
occur also just below the surface. It is possible that a thin bed of sedimentary
clay eovers these kaolinized schists, which bed was entirely bauxitized.

The kaolinized schists, which are covered with a bank of sedimentary
clay in which sand lenses occur, have been found at very different depths
below the surface. The drilling data give the impression that a large number
of small but elevated, steep-sided hills of kaolinized schists, oceur just as in
the south of the Moengo area (fig. 15).

At the bottom of the transition zone from Topibo-de Vrijheid Hill a

Fig. 26, Corrugated surface of a cylindrical concretion from the transition zone
at Topibo-de Vrijheid. X 4. T

large number of eylindrical concretions have been found in one place. By
the formation of these concretions three. phases may be distinguished:

a. The tubular coneretions with a diameter of = 1 to 10 millimetres,
the wall of which has been built up of pure transparent gibbsite.

b. The outer wall is eryptocrystalline and is pink to pink-yellow in
colour. This eryptoerystalline wall grows in thickness at the expense
of the coarsely crystalline gibbsite, found inside the tubular con-
cretions. '

¢. The final phase consists of a small cylinder of eryptoerystalline
gibbsite, which is pink to pink-yellow in colour and has a ribbed
surface (fig. 26).

The ribbed surface shows a great resemblance to the surface structure
of .the roots of some palm trees. Besides this fluting at the outside, nothing
points to an organie structure. :
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In the transition zone many joints occur, the faces of which have been
covered with a film of finely crystalline gibbsite (fig. 27). The solution of
quartz as already mentioned in the Moengo section, is also found in the
transition zones of the bauxite-ferrite covered hills at Paranam.

. The bauxite-ferrite cover of the Onoribo Hill has a very disorganized
appearance. Only a small part shows a homogeneous character; the largest
part consists of boulders, which sometimes have been cemented, but which
often are separated by ruptures and cracks. These ruptures and cracks are
filled with material from the cover, such as iron beans and little stones,

Flg 27, Gibbsite covered joint planes prepai'ed by rain, in the transition zome
. of Topibo-de Vrijheid.

bauxite-ferrite pebbles, while clay with ecrushed concretions has  been
found also.

The crushing is best developed on the north and the west sides of the
hill, where boulders of bauxite-ferrite lie thrown together and have been
mixed with clay and great quantities of smaller pieces of bauxite of all
dimensions (fig. 28).

On the basis of this appearance, DE VLETTER ) supposed at one time the
sea reached here and broke up the deposits,

The bauxite-ferrite cover of the Onoribo Hill is inclined to the north
below the Lelydorp sands and Coropina clay, which wedge out against the
Onoribo Hill. This supports of course the hypothesis of pE VLETTER.

The hills at Paranam once formed part of larger units. At present only
a few remnants of the earlier bauxitized-alluvial plain are found.

) Dr, D. R. pE VLETTER, Personal Communication.
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The bauxite-ferrite is, with few exceptions, the in situ weathering product
of sedimentary clay.

Indications of recent bauxitization have been found; the details will
be discussed in a later chapter.

At Paranam (Onoribo) we see that High-level and Medium-level bauxite
are part of one hauxitized surface (fig. 29).

Fig. 28. Accumulated boulders of bauxite and ferrite, probably caused by action of the sea.

D. MEDIUM-LEVEL TYPE BAUXITE
The bauxite deposits at Onverdacht (fig. 1 and 24)

The terrain is situated 35 kilometres south of Paramaribo between the
road to Zandery and the Suriname river, in the part of the coastal plain

Medium-level bauxite

High-level bauxite
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Fig. 2. Schematic north—south section through Omnoribo Hill, where the transition
from High-level in Medium-level type hauxite is found.
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that is formed by the Coropina formation. The terrain is slightly hilly;
the differences in elevation at most amount to 6.5 metres. Large swamps
cover part of the terrain (fig. 30); many of these swamps do not dry out
entirely during the dry season, Mostly they are grown over with grass.

Generally the higher parts of the terrain are covered with open savannah
woods, while locally wild coffee and cacao form the remnants of plantations,
which were operated here formerly. To these plantations belong also the
drainage ditches, which are clearly perceptible on the airphoto.

The bauxite at Onverdacht is found in a bed which dips slightly to
the north and which is covered with sediments of the Coropina formation.
In the south of the area it is situated under a cover of 1.5 to 2 metres but
in the north it attains a thickness of more than 30 metres.

Fig. 30. Large swamp overlying Medium-level type bauxite at Onverdacht.

The borders of the bauxite bed are very steep and in the layer itself
gaps are found. In places where the bauxite does not occur, kaolin has been
found, direetly underlying the Coropina formation. In these cases the kaolin
has been covered with material from the Coropina formation, which partly
has been bleached and here and there shows some small pink stains and
sometimes some small conecretions of bauxite, nowhere did even a thin
hauxite bed develop. The bauxite bed ends suddenly, and does not thin out.

. The Coropina clay and the transition zone from bauxite to Coropina
clay here and there show sandy lenses. In these lenses in which the sand
sometimes show a cross-bedding structure, bauxite-ferrite pebbles have
been found too. The lenses only occur in the upper part of the bauxite layer.
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After the removal of the soil cover it is necessary to remove in addition
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Section A, Onverdacht.

the partly indurated transition zone. In
this way the depressions in the bauxite
surface are uncovered, which bear a
strong resemblance to gullys such as
the old creek beds, which have been
found on the bauxite-ferrite covers of
the hills at Moengo and Paranam.

Indications for the existence of sedi-
mentary bauxite in the form of bauxite-
ferrite gravel have been found. After a
hard cover had been chiseled through in
a drilling operation, bauxite-ferrite gravel
was found which could be removed with-
out much difficulty. This bed, which had
a thickness of about 2 metres, did not
contain eclay. Fieldwork and drilling
operations have shown that the sedi-
mentary bauxite-ferrite in this deposit is
only a minor constituent. Generally the
bauxite-ferrite is an in situ weathering
product of sedimentary clays.

The following three sections were
measured at Onverdacht,

SECTION A (fig. 31)

From the top down the followmg beds
may be dlstmgmshed

thickness
Lelydorp sand ....... 4.5 metres
Coropina clay ........ 16.0 metres
Transition zone ...... 1.5 metres
Bauxite-ferrite. ...... 7.0 metres
Transition zone ...... 1.0 metre
Sedimentary clay ... 11 metres
Coarse sands ......... — —_

Lelydorp sands forms the top, the
transition to the Coropina clay below it
is relatively short. The bottom of the
sand bed mostly is formed by almost
horizontal, thin beds and lenses of clay.
A little lower in the section thin beds
of sand are found between the clay;
these small beds quickly thin out and
finally disappear. The clay is plastic and
homogeneous; for 3 to 4 metres a clear
lamination may be observed.

The Coropina clay consists of grey to
yellow-white sandy material, which often
has red stains. Sand beds and lenses have
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been found, which often vary in thickness and sometimes show a cross-bedding
structure. Peat and clay beds which are very rich in plant remains were
found here also. Besides these plant remains a number of molluses, such as
Ostreas and Venus portesiana’) have been found in the Coropina clay.

The small red spots of iron hydroxides are found scattered and in
varying frequences. Their dimensions are very variable. Besides small spots,
vertical eylinders occur, red-brown in colour, with a length of up to 6 metres
and a width of -up to 1 metre. Besides these small spots and eylinders large
spots of brown-red to dark brown clay were found with surface areas of
3 m? or more.

The sand lenses and beds are often cemented by hmonlte 80 that hard
banks are formed.

Lower in the section bleaching in the Coropina clay takes place. As
soon as this bleaching is observed, we see a number of spots in the bleached
clay; in which the bleaching is more intensive than in the surrounding
material. The contrast between these lighter and darker parts grows greater
downward in the section and becomes still clearer when the spots begin to
show a pink eolour, whereas the surrounding material remains light-yellow
to cream-coloured. In these spots locally concentrations of iron hydroxides
appear, which show a relatively rapid expansion.

Quartz grains which in the top of the zone of bleaching still are
enclosed normally in the Coropina clay, show solution symptoms downward
in the section. They are found partly dissolved in the pores of the clay.

In the transition zone the pink spots as well as the concentrations of
iron hydroxides begin to indurate; the relicts of the quartz grains are con-
tinually getting smaller.

It is a fact that a number of these quartz grains dissolve only very
slowly, and a few have been found practically unaffected very low in the
section, sometimes even down into the bauxite,

The hardening process continues gradually, so that the material which
surrounds the spots also loses its plasticity. Ultimately a material is pro-
duced, which has indurated eompletely and which consists of pink to cream
and brown-red, irregularly shaped small pieces, enclosed in a hardened matrix
of yellow to pink-coloured material. In some places.a little remnant of
bleached clay has been found; the quartz grains have almost entirely dis-
appeared. The pseudo-breccia thus formed consists of bauxite (fig. 32).
Such gradual developments can not be observed in many places. The
bleaching may take place over a relatively short distance and it has often
been observed that complete bauxitization oceurs in only slightly bleached
Coropina clay.

Ferrite is found in the upper part of the bauxite-ferrite bed. Only
occasionally are ferrite beds encountered which continue over a longer
distance. Sometimes the ferrite wedges out but mostly it is broken off
abruptly and shows boulder-like form with a diameter up to 5 metres.

Continuous banks of limonite are.encountered more often; generally
they do not occur thicker than 50 centimetres. These limonite banks (fig. 33)
are found both in the Coropina clay and in the upper part of the bauxite-

') Dr. D. R. bE VLETTER, Personal Communication.
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Fig. 32. Pseudo-breccia of bauxite, Onverdacht.

Fig. 33. Limonite bank in the transition zome soil cover — bauxite-ferrite, Onverdacht.
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ferrite bed. These banks, as far as they have been found in the bauxite-
ferrite bed, may contain large quantities of hematite. Locally faulting occurs,
while here and there banks have been shattered completely; later on the
fragments have been cemented (fig. 34).

In the ferrite, also, faults are often found, along which bleached
Coropina clay has penetrated in many cases. Generally the following strue-
ture types may be distinguished in the ferrite:

a. Dense, homogeneous ferrite, brown to red-brown in colour the material

is fine-grained. Hematite has frequently been found as a filling of
vugs and pores.

L R O L AR RN S R R AR LTI KRS AR 440 LG ARAS IARAIALL LA ALY WA LA AU AR LU KL !‘I]XH.SJ‘”‘V\X&GY LA AL A
i { i i {
T g g 19 13 12 13 14 15 1€ 17 18 19 20 21 22 23

Fig. 34. Part of a limonite bank, consisting of hematite, which has been crushed
and later cemented. )

b. The porous ferrite shows a very fine spongy structure and is very
fine-grained. The pores have a diameter of from 0.1 to 3 millimetres;
also vugs are sometimes observed. Ilematite oeccurs here too, mostly
covering the walls of the pores.

e. Cellular ferrite. The lamellae are often very thin and extremely
brittle, though lamellae have been found of approximately 1 milli-
metre thick. The intercellular spaces are often empty, but intercellular
spaces filled with white clay and bauxite clay have been found also.
The lamellea consist of eryptoerystalline hematite.
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The transition of ferrite to bauxite may be very gradual as well as
very rapid. In the first case the Fe,0,-content augments gradually and the
transition runs via bauxo-ferrite and ferro-bauxite to bauxite, in the second
case the bauxite has a sharp contact with the ferrite (fig. 35).

On the basis of the structure the bauxite may be divided into a number
of main types: .

a. Dense, homogeneous bauxite consists of coarse, fine and erypto-
erystalline gibbsite. The coarsely erystalline type has a sugar-grain
appearance; it is light yellow to colourless. '

b. Porous bauxite has a fine spongy appearance. The bauxite consists
of eryptoerystalline and finely crystalline gibbsite. Sometimes the
pores still contain some quartz grains (fig. 36).

e. Laminated bauxite, the lamination which always runs horizontally

~ is caused among other things by an alternation of thin beds (up to
5 millimetres thick) of clay and bauxite (fig. 37); very frequently
lamination is formed by alternating thin beds with higher and lower
Fe,0,-content. A different form of lamination is constituted by thin
beds of coarse and of finely crystalline gibbsite.

d. The lamellae of the cellular bauxite generally are very thin and
consist of finely crystalline gibbsite. The lamellae often have been
arranged radially. Between the small leaves of these rosettes and
also intercellular, bauxite clay and white clay (kaolin) are often
found. Bauxite eclay and kaolin sometimes are missing, in which
cases the cellular bauxite consists of a number of rosettes (fig 38)
grown together.

e. Bauxite clay with concretions. The clay is distinguishable from the
white kaolin by its very fast disintegration in water. Mostly the
concretions are very irregularly -shaped and they are built up of
finely- to cryptocrystalline gibbsite. The pores and vugs frequently
are filled with coarsely crystalline gibbsite. The bauxite clay itself
is of a white colour and consists of very fine-grained gibbsite.

The bauxite types generally are encountered at certain places in the
section. The dense, homogeneous bauxite has been found in the top of the
bauxite-ferrite bed, where the pseudo-breccia has been found too. Porous
hauxite has also been found in the top of the bauxite-ferrite cover, although in
smaller quantities. Laminated bauxite is usually found in the centre and in
the lower part of the bauxite bed. Generally in the centre and the lower
part cellular bauxite is found, mixed and alternated with bauxite clay with
conceretions.

The tronsition zome consists of cellular bauxite, bauxite clay with econ-
cretions and of white clay (kaolin). Downward the kaolin increasingly
predominates. Frequently concretions are found, but they disappear soon,
after which only kaolin is left. Panning samples of the kaolin contain
relatively numerous quartz grains, the number of which in the transition
zone is already econsiderable smaller, while in the bauxite they have
practically disappeared.

The sedimentary clay (as the X-ray investigation has shown the pre-



Fig. 35. Sharp boundary between ferrite and bauxite, Onverdacht.

Fig. 36. Porous bauxite, quartz graing are found locally in the'pores, Onverdacht,
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Fig. 37. Laminated bauxite with small intercalations of kaolin, Onverdacht,

Fig. 38.: Cellular bauxite, Onverdacht.
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pondering clay mineral is kaolinite, see page 330) attains a thickness of about
11 metres in this section. The kaolin is very plastic and homogeneous.
Mostly the colour is white, locally the elay is light yellow to pink, here
and there even purple to dark purple. Numerous joints with slickensides
have been found in the kaolin.

Upon the joint planes in the top of the kaolin often finely erystalline
gibbsite is found. In some places the bauxite extends from the joints. This
process may continue; in which case in the top of the transition zone bauxite

Fig. 39. Two conjoined egg-shaped concretions, Onverdacht.

is found with the same structure as the kaolin. Coneretions of bauxite are
found in small quantities throughout the kaolin bed.

In some levels .there are concentrations of concretions, while in the
centre and at the bottom of the kaolin bed, bauxite -beds have been found
which have a thickness of from about 5 centimetres to 10 centimetres. Sand
lenses and -beds have been found, in the kaolin bed, varying in thickness
between about 10 and 80 centrimetres. .

Here too, the bauxite eggs form the most striking concretions (fig. 39).

The kaolin overlies coarse sands, which have a great resemblance with
the sand facies of the Zandery formation. The thickness of this bed is
unknown., :
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SECTION B (fig. 40)
In this section the following beds oceur:

. thickness
Lelydorp sand .....cccciceireceireniniiiiiiiiniearnenes 1.5 metres
Coropina €lay ..c.cocveeiiiiieiiereiinioiieceeenennnanss 6 metres
Transition Zome ......cccccvveveiiiiivieirneneceinnnnes 0.8 metre
Bauxite-ferrite .......... [ PPN v. D metres
Transition ZONe ......c.cceeeeeeveenreercnreraroenecnrones 0.5 metre
Sedimentary elay ....c.ccccvevivviiieriiiiciiiiricnionn, 16.0 metres

Coarse SANd ...oeceveriiiivinieineirennreneninenns feaeees —_ —

This section has a great resemblance with section A, but the bleaching
zone is limited to a zone .of about 2 to 3 metres. .

Pale spots of a diameter of 2 to 80 centimetres have been found locally
in the Coropina clay. 6 At the bottom of the Coropina clay next to the
transition zone rings can be distinguished clearly around bleached spots,
which vary in intensity of bleaching. The intensity increases to the centre
of the spot. In the transition zone the differentiation in intensity has become
still larger and the centre of the spots has hardened. From the outside
inward an increasing degree of solution of the quartz grains may be observed.

In this way boulders come into existence which are cemented by
bauxite-ferrite at the bottom of the transition zone and which form a massive
bauxite-ferrite bed.

In a certain number of boulders the Fe,O,-content increases and ferrite
is formed, which thus occurs as boulders in the bauxite-ferrite bed. Banks
of ferrite were not found, even over short distances.

The other deposits as well as the occurrlng structure types of baux1te
and ferrite agree with the description given in seetion A.

SECTION C (fig. 41).

Here the cover is formed by a bed of black plastic swamp mud, which
is very rielr in remains of plants (fig. 42). This bed of a thickness of a few
metres rests on a very thin bleached bed which overlies the transition zone
and the bauxite. The thickness of the bleached bed and transition zone
amounts to 1 metre at most.

In the also very plastic bleached bed have been found separate con-
centrations of cellular bauxite. The lamellae of the cellular bauxite are very
thin and extremely brittle. Downward, the cellular bauxite concentrations
increase very quickly to a bauxite bed, which besides this material contains
very much bauxite clay. Except for some very small cellular concretions,
ferrite has practically not been found.

An Indian axe was found in the bauxite bed which is very rich in
plant remains,

Below this swamp the bauxite bed shows two ridges which almost reach
the surface (fig. 43).

The bauxite at this locality had a lower percentage of SiO, than bauxite
from other localities at Onverdacht. The transition bed, the kaolin and the
sand did not show important differences with the deposits mentioned in the
preceding sections.

The bauxite bed has a slight dip to the north., From the presence of
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Fig. 42. Removal, with a mechanical shovel, of the swamp clay, which forms here
the soil cover over the bauxite, which is removed with a dragline (Onverdacht).
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gullys, filled with sand and bauxite-ferrite pebbles, may be concluded that
formerly the bauxite-ferrite was situated at the surface as the weathering
mantle over the sedimentary clay (kaolin), which is found below the bauxite-
ferrite bed.

A large part of this bauxite-ferrite bed has dlsappeared through erosion.
The remnants of the bauxite-ferrite bed which consisted of a more or less
continuous cover, was covered by sediments of the Coropina formation.

Probably the Coropina Sea extended to the foot of the Onoribo Hill:
All bauxite which was situated below this level was covered with sediments,
while the bauxite-ferrite bed which was more elevated, remained uncovered,
and has been found as a weathering cover over the hills at Moengo and
Paranam.

Thus a fundamental difference can not be attributed to the High-level
and the Medium-level type bauxite.

" After the covering of part of the bauxite-ferrite bed with clays and
sands, the formation of bauxite has continued, as appears from the bleaching
and transition zones described in the three sections mentioned earlier.

The bauxite-ferrite layer happened to be situated partly below the
groundwater table; a growing of the bauxite-ferrite bed at the cost of the
Coropina eclay took place, which is also the case with the underlying kaolin.

The bauxite-ferrite covers such as those at Moengo and Paranam, gene-
rally show a constant thickness, At Onverdacht the upper limit is relatively
irregular, which is also the case with the lower limit in the kaolin, pockets
of bauxite-ferrite have been found up to 6 to 7 metres deep. In some places
where the bauxite-ferrite underlies a swamp, it is ev1dent that the bauxite-
ferrite bed has gone up more or less.

On the basis of a drilling map of the N.V. Billiton Maatschappu at
Onverdacht, it was traced how far this is the case generally below swamps.
From the data it appeared that a tendency may be detected but it has
turned out not to be a general rule.

The material which is subjeect to bauxitization here, is a sub-recent to
recent swamp clay.

E. LOW-LEVEL TYPE BAUXITE
The bauxite deposits at Mackenzie and Ituni (Demerara) (fig. 1 and 44)

The deposits are situated in a terrain which consists practically entirely
of material belonging to the White Sand Series.

Mr. C. BarriNeToN Brown®), the founder of geological investigation in
British Guiana in 1873 mentioned the discovery of “lumps of a reddish-white
friable pisolitic rock” near the Demerara River, BRaCEWELL (1947) remarks
that this undoubtedly was bauxite. In 1910 Sir Jory Harrmon first recognized
and deseribed the occurrence of bauxite on the basis of an analysis published
in the Official Gazette of British (Guiana. The material was taken from the
old Government rubber experimental station at Christianburg.

BracEwmLL (1947) remarks that the bauxite deposits are situated in a
belt running from north to northwest from Kwakani on the Berbice River
to the mouth of the Essequibo River. They occur as cappings over an old
land area, which by this time has been covered with sediments of the White

%) BRACEWELL, 1947.
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Sand Series. The deposits are situated between 100 feet below and 200 feet
above sea-level, the highest are found at Ituni.

Concernlng the bauxite in British Guiana HarpeEr (1949) mentions the
following :

The bedrock underlying the bauxite deposits (separated by a bed of
residuary clay) is of Pre-Cambrian age. A number of intrusive, metamorphie
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Fig. 44. Disposition of bauxite in Demerara, after BRACEWELL (1947).

and voleanie rocks in this bedrock are of more recent data. The erystalline
bedrock consists of acid as well as of basic gneisses and schists; as intrusive
rocks are found granites, syenites, diorites and dolerites. Locally the residu-
ary clay is more than 100 feet thick. Here and there the bauxite bed attains
a thickness of more than 40 feet.. The upper part consists of a siliceous
capping, in which bauxite pebbles and larger masses in a bauxite clay
matrix are found. The bauxite clay extends downward into the bauxite.
Out of the lower part of the bauxite bed, pipes and small veins of bauxite
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run into the lower residual clay. Bauxite with a low content of Si0, forms

the centre of the bauxite beds. In places
where the bauxite is missing, the cover
over the bauxite and the residual clay
consists of material "belonging to the
‘White Sand Series. This material con-
sists of sand with intercalated clay beds;
locally lignite banks have been found in

the lower part.of the .deposit. These:

sediments attain a thickness of 300 feet
in the bauxite district. : -
GrantHAM (BRACEWELL, 1947) - des-
cribed part of the White Sand region
between the large rivers as “a stratified
succession of white, yellow and red

sands, quartz gravels, light grey or red--

dish clays and peaty sands with occa-
sional seams of lignite” and called it
the White Sand Series. _
The Zandery formation in Suriname
agrees with this description, The White
Sand Series wedges. out to the south
against the bedrock. : o
BracEWELL mentions foraminifera has
been found, forming the only indication
of the age. These foraminifera form the
transition between species -which are
found in sub-recent lagoon deposits and
the lignite facies of Miocene or Pliocene
-age in Trinidad. R
Except for some outcrops in the
Demerara river and a few outerops at
Ituni, the bauxite deposits underlie a
cover of sediments of the White Sand
Series. S o
At Mackenzie two sections were
rmeasured by the author, one in -the
Montgomery Mine and a second in the
Maria Elisabeth Mine, while data for a
third section were gathered at Ituni.
All these mines are situated in the
White Sand Series.

SECTION A. MONTGOMERY MINE
(fig. 45)

The soil cover is formed by mate-
rial which belongs to the White Sand
Series and resembles the material found
in Suriname in the Zandery formation.

The sands are rather coarse-grained
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and in the top of the section they are laminated horizontally, Some beds
contain many quartz pebbles, some of which sometimes attain a diameter
of 2 centimetres. Lower in the sections clay beds were found, which generally
lie more or less horizontal; here and there they plunge under the sands with
a slight angle. Still lower in the section more and more clay beds begin to
appear, while in the sand often a very well-developed cross-bedding structure
may be observed (fig. 46).

Fig. 46. Cross-bedding structure in the sands of the soil cover (White Sand Series),
. Montgomery Mine (Mackenzie).

The sands in the top of the section are mostly white, while locally
light pink to light brown colours may dominate. Still lower in the section
more and more plant remains begin to appear; the sands as well as the
clays often show a dark brown to black colour. Small lignite beds are
appearing, locally lignite beds oceur with a thickness of 3 metres, in which
charred tree-trunks have been found. A number of these beds lie horizontal
and at a certain distance they wedge out: other beds, however, dip slightly
and may be followed into the bauxite (fig. 47). '

The bauxite is covered by a transition zone, which varies in thickness
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from a few centimetres to a few metres. The transition zone consists of
bleached clay which contains bauxite concretions. Quartz grains in this
transition zone clearly show solution symptoms. The bleaching precedes
bauxitization and especially in the thin transition beds bauxitization promptly
follows bleaching.

In the case that a lignite bed or a strongly carbonaceous clay bed is
situated above the bauxite it was noticed that the -bleaching penetrates most
sharply into the black carbonaceous beds (fig. 48 and 49). The bauxitization

Fig. 47. Lignite banks pitched in the bauxite, Montgomery Mine (Mackenzie).

is practically immediately perceptible through the spots which consist in the
centre already of indurated concretionary material.

In the top of the bauxite bed large pieces of charcoal were found
locally which are enclosed in the bauxite. Lower in the bauxite bed remnants
of charcoal are found only here and there; mostly small holes were found,
which contain small “skeletons” of limonite, _

The bauxite here is much denser and more homogeneous in comparison
with the High- and Medium-level type bauxite found in Suriname. A hori-
zontal lamination in the upper part and the centre of the bauxite bed also
attracts the attention, only locally this is observed at the bottom of the bed.

The bauxite overlies a bed of residuary clay; the transition zone between
the bauxite and the residuary clay is mueh less well-developed than that of
the White Sand Series — bauxite. This bed attains a thickness of about 1 metre
to 1.5 metres and it contains many bauxite concretions. Washed samples
of the lower part of this transition bed contain more quartz than washed
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Fig. 48. Bleachlng in lignite containing sandy clay in the transition zone
of the Montgomery Mine (Mackenzie).,

Flg 49. Bleaching in clay with a high lignite content in the transition zone
in the Montgomery Mine (Mackenzie).
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samples of the upper part of the bed, the grains
<

show many more solution symptoms in
contrast with the grains out of the lower
part.

The clay below the bauxite, at least
in places where observations were pos-
sible, is residual and it is the autoch-
thonous weathering product of solid rock.
Laboratory investigation shows that the
clay consists for the most part of kao-
linite. : "

The Demerara Bauxite Company pu
some drilling cores of solid rock at the
disposal of the author and these show
that the solid rock consists among other
things of granite.

SECTION B. MARIA ELISABETH
MINE (fig. 50)

Here material of the White Sand
Series forms the cover. :

Sand beds of different grain size
alternate, while intercalations of eclay
beds occur, which mostly contain many
quartz grains. Locally in the sand beds
small quartz pebbles were found of up
to 3 em diameter. These have especially
been found in the top of the section.
Cross-bedding occurs very often here
(fig. 51). .Organic remains have been
found only now and then, at the bottom
of the cover there are several limonite
beds with.a thickness of a few centi-
metres. ‘ _ -

Between this cover, which consist
at the bottom of alternating sand and
clay beds (the latter may attain a thick-
ness of about 2 metres) and the bauxite
bed, a transition zone is found which
consists of bleached elay with concretions
(fig. 52). The quartz grains show nice
solutions symptoms; pores with relicts
of quartz grains are found frequently.
The bauxite shows a very distinet hori-
zontal lamination and locally contains
many Jimpurities in the form of small
“skeletons” of limonite. '

Locally the bauxite is very granular
and contains much bauxite clay. In
the bauxite, intercalations of indurated
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Fig. 51. Cross-bedding structure in the sands of the soil cover (White Sand Series),
Maria Elisabeth Mine (Mackenzie).

Fig. 52. Transition zone, against which the hammer is placed, stopping abruptly
against the lignite containing sandlayer. Maria Elisabeth Mine (Mackenzie).
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kaolin occur, which show a great resemblance to the white bauxite clay.
A transition zone between the bauxite and the underlying kaolin is
found. The thickness of this bed amounts to one metre at most and down-
ward it contains a decreasing number of bauxite concretions.
In all probability the clay is the autochthonous weathering product of
solid rock, which here too, is of a granitic ecomposition, while one of the
cores represents a dolerite. '

Ground level

+ + + o+ o+ o+ o+ o+ o+ o+

Sand f / 7| Bleached clay @ Bauxite

ll--l- Kaolir in situ + 4_"’ Granite

Fig. 53. Section C. Ituni Mine (Ituni).

SECTION C. ITUNI MINE (fig. 53)

At some places the soil cover is missing; elsewhere it has a thickness
of a few metres and to the north it increases in size. This cover consists
of sand and clay beds and -lenses. The sand is less coarse-grained than that
which has been found in the Maria Elisabeth and the Montgomery Mine.
Part of the cover consists of material from the White Sand Series, part
consists of alluvial material. '

The clays show a bleaching which increases downward in intensity. In
the transition zone between soil cover and bauxite-ferrite, which in size
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varies from a few decimetres to about 1.5 metres, quartz grains are found,
which often show symptoms of solution. The bauxite conecretions inerease
from the top down and change into a homogeneous bauxite bed.

The surface of the bauxite-ferrite bed is very irregular and it gives
strongly the impression, that earlier a large number of creeks existed
(fig. 54). This impression is strengthened by the occurrence of pebbles of
bauxite-ferrite in the depressions which strongly resemble gullys in the
ore-surface. In the top of the bauxite-ferrite bed the ferrite locally has
been well-developed. ;

The oceurrence of poorly developed pisolitic bauxite in the upper part

Fig. 54. Irregular surface of the bauxite-ferrite layer at Ituni, caused by old creekbeds.

of the bauxite bed is very striking. Lower in the bed the pisolitic bauxite
has not been found. In places where the cover has attained a thickness of
about 7 metres and more, this poorly developed pisolitic bauxite was not
found either.

The transition zone between bauxite and residuary clay is well exposed;
within a zone with a thickness of about 1.5 metres the bauxite changes into
the clay, via concretions which decrease in quantity.

The clay is a residual one, a fact which could be ascertained by the
oceurrence of muscovite nests without any orientation, while the structure
shows a very great resemblance with the granite. (The laboratory investigation
showed that this clay consists for the most part of kaolinite.)

The - drill-cores show that here again the solid rock partly consists of
granite. . :
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From the field data appears that here we have two kinds of bauxite,
The bottom part of the bauxite-ferrite bed of the Low-level bauxite is the
weathering product of solid rock, which is among other things of a granitic
composition, whereas the upper part is the weathering product of sediment-
ary clay.

Onece the bauxite, found as a weathering product of the bedrock from
which it is separated by a bed of residuary.kaolin, formed a peneplain
(BracEweLL 1947), in which phase large parts have disappeared through
erosion. The remnants have been covered with sediments- which belong to
the White Sand Series.

After the covering of the bauxite-ferrite with these sediments the
bauxitization process has continued, and the bauxite-ferrite bed has inereased
in thickness not only at the cost of the underlying kaolin but also of the
clay facies of the White Sand Series which forms the lower part of this Series.

Of the three described transition zones between bauxite-ferrite and cover
sediments in section A, B and C, the one in the Montgomery Mine is the
best developed. Next best is the transition zone in the Maria Elisabeth Mine
and then the transition zone at Ituni in places where the cover is but a
few metres thick. Of these three transition zones the one at Ituni is situated
above the groundwater table and those of the Montgomery Mine and the
Maria Elisabeth Mine below the groundwater table. The transition zone in
the Montgomery Mine has been influenced by the occurrence of lignite beds
in the lower parts of the White Sand Series. We see that the transition.
zone below these lignite beds is the largest and also that it reaches higher-
elevations. Often the transition zone lies against a sandy bed, in ‘which case
we see in the sand bed thin clay lenses which have been bleached entirely
and often partly bauxitized.

That in the Montgomery Mine and in the Maria Ehsabeth Mme practie-
ally no indications are found that the bauxite formerly was situated at the
surface, probably is eaused by the well-developed transition zones and by,
the increase in thickness of the bauxite-ferrite bed, which undoubtedly has,
eliminated in many places indications, such as pebbles and old creek beds:.:

F. SOME REMARKS ON THE OBTAINED FIELD DATA

In all cases the bauxite-ferrite rests upon a bed of kaolin, which has
a residuary character in the Plateaun type and Low-level type, and a sediment-
ary character in the High-level and Medium-level types. In the field, how-
ever, it is impossible to ascertain, whether we have here a sedimentary clay,
which has been kaolinized subsequently or a sedimentary kaolin.

The bauxite-ferrite deposits have formed part of considerably larger
units and they constitute only the last remnants. For the deposits of the
Plateau- and Low-level type a peneplain may be considered; however it is
doubtful whether both types have formed part of the same peneplain, The
mineralogical investigation indicates that the Plateau type bauxite is older:
than the Low-level type bauxite. This does not necessarily mean, that two
peneplains have to be postulated, because the possibility of two periods of
intensive bauxitization during the same peneplain-phase exists also. The
difference in elevation between these two types might be explained by the
fact, that probably younger movements have had a great influence in the
Guianas (ScuoLs and CoHEN, 1953).
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It could be ascertained, that part of the bauxite-ferrite, belonging to
the deposits of the Medium- and Low-level type, was situated on the surface
before covering with sediments took place,

The Low-level type bauxite was covered with sediments from the
Zandery formation, so that no erosion could take place in contrast with
the Platean type bauxite, where the erosion continued. The fact that
the Plateau type was not covered with protecting sedimens and the probably
older age may be the reason why the Plateau type was not found in large
quantities, in contrast to the Low-level type bauxite,

The bauxites and ferrites of the High-level and Medium-level type are
the weathering product of an alluvial plain upon which it has been found
as a weathering cover. This alluvial plain is faintly inclined to the north.
Both types formed part of the same alluvial plain, which is evident at the
Onoribo Hill at Paranam (fig. 29). In both types the bauxization ecommenced
at the same time,

After already a large part of the bauxite had disappeared through
erosion, the northern part of the alluvial plain was covered with sediments
of the Coropina formation. These sediments wedge out against the remnants
of the bauxitized alluvial plain. This northern part, covered with sediments,
at present is found back in the form of Medium-level type bauxite; the
southern part, which was situated at a higher elevation, at present is found
as High-level type bauxite. The Medium-level type bauxite covered with
sediments of the Coropina formation, have been saved from further erosion,
while the High-level type bauxite has remained exposed to erosion.

Bauxite-ferrite has not been found directly on solid roek or on eclay
which is not kaolinized. The occurrence of kaolin in the examined deposits
seems to be connected closely with the appearance of bauxite-ferrite.

The data on the transition zone between the bauxite and the kaolin
show that desilicification plays an important part. After covering of the
deposits of the Medium- and Low-level type with sediments, the bauxitization
did not come to a standsstill. It is evident, that in the transition zone between
the 80il cover and the bauxite-ferrite, desilicification is preceded by bleaching,
which leads to the formation of bauxite.

At Onverdacht this process was found in sub-recent to recent swamp
clays, so that it may be supposed that this bauxitization process has not
yet come to a standstill.

The mineralogical ecomposition of the various beds and deposits as well
as the changes in mineralogical and chemieal composition will be discussed
in the following chapter. : .

In the north—south section (fig. 55) the fundamental position of the
various types of deposits of bauxite has been indicated.

It is very unlikely that in Suriname still exist important deposits of
the Plateau type. The bauxite-ferrite deposits of this type can easily be
discovered on aerial photographs and probably they are now all known
with few exceptions of minor importance in northern Suriname. It is possible
that in southern Suriname a number of larger deposits may still be found.
But even if such deposits were still found, it would be questionable whether
they eould be worked economically, while the transportation difficulties
would also make these deposits less attractive,
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The existence of more bauxite depo-
sits of the High-level type is very ques-
tionable too. This type may also be
recognized relatively easily on aerial pho-
tographs; the deposits are located in a
belt parallel to the coast within the Coro-
pina and Zandery formations. Aerial
photographs are available of the whole
area; other deposits of the extent of
Moengo or Paranam were not observed.

Small hills of this type have been
found, but it is very difficult to disting-
uish them on an aerial photograph from
other small hills in the terrain, which have
not been covered by bauxite-ferrite. The
small hills covered with bauxite-ferrite
may be very important as indicating out-
crops of bauxite, which belongs to the
Medium-level type, a type which may then
he expected in the near vieinity.

The bauxite of the Medium- and Low-
level types as has been remarked, have
been covered with sediments and thus pre-
served from further erosion, whereas, at
the same time an increase of the bauxite
bed at the cost of this soil cover takes
place. This sedimentary cover of the
deposits makes the discovery by aerial
photographs more difficult.

Deposits of the Medium-level type may
be expected in the Coropina formation. A
combined investigation of aerial photo-
graphs and fieldwork together with the
performing of a large number of drilling
operations will be necessary to obtain a
picture of the position of the contact be-
tween the Coropina formation and the Zan-
dery formation. On the basis of the data
obtained, the most probable position and
extension of the remains of the old bauxi-
tized alluvial plain may be ascertained.

Up to now the Low-level bauxite type
has not been found in Suriname, but there
are no reasons to believe that this type
does not exist in Suriname. The occurrence
of bauxite-ferrite boulders in the Zandery
formation can only point to the existence
of bauxite in the vicinity, However, here
too, a combined investigation will be ne-
cessary to discover the bauxite of this type.
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CHAPTER III

MINERALOGICAL AND CHEMICAL INVESTIGATIONS
A.  METHODS OF INVESTIGATION

1. The microscopical examination in many cases did not give adequate
results, either with reflected or transmitted light, because most of the
material is very fine-grained to eryptocrystalline. Therefore use was made,
in addition, of X-ray, differential thermal analysis and the electron
microscope.

2. The X-ray anelysis was made with equipment of the Enraf®), Two

cameras were available, one medium-sized Unicam camera (Bradley type)
with a diameter of 9 em and a Nonius Guinier Camera with a diameter of
11.46 cm.
- For the Unicam camera the exposure time was one and a half hours,
when using the iron tube and manganese filter (A\FeKa-radiation = 1.93597 &)
a diaphragm of 0.3, 18 mA en 40 kV. The prepared samples were placed in
a tube of Lmdeman with an external diameter of 0.25 mm.

For the second camera, the Nonius Guinier eamera, the exposure time
amounted to 10 to 15 hours, when using a copper tube and a quartz filter
(ACuKea-radiation =1.54050 A) a diaphragm of 0.2, 18 mA en 40 kV.

This camera has the adventage that 1° is 4 mm, a property which is
of importance with minerals which have determinative reflections with a
small glancing angle. In addition, four exposures can be made at the same
time. The prepared samples are placed in a sample holder in which four
windows have been made. Each sample is bedded in eanada-balsem between
two films of cellophane in one window.

3. For the differential thermal analysis an equipment was used, very similar
to that deseribed by ArEns (1951). The oven is a low resistance type, with
50 V ~ the current volume is regulated every 15 minutes to obtain a
temperature gradient of 9.8°C. The sample holder is made of poreelain,
in which three holes have been made, two of which are for inert material
and the third for the material to be investigated For the thermal couples
use was made of platina — platina-10 % rhodium. The absolute temperature
measurement is made by placing one pole of a thermal couple in the inert
material (caleined Al,O,) while the other pole is kept outside of the oven
at a constant temperature of about 10° C. A check is obtained by the method
of Faust (1948) using the exothermal reaction in quartz at 573° C. when
the modification-e changes into the modification-8. Of the second thermal
couple one pole is placed in inert material while the second pole is placed
in the material to be investigated. The registration is made by mirror
galvanometers on photographic paper.

4. The electron microscope (Philips E. K. 1) of the Electronie-mieroscopical
Department of Leiden University, was available for this investigation. The

?) N.V. Nederlandsche Rontgenapparatenfabriek,
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electron micrographs were taken by Mr. W. G. Braams. The samples to be
examined were placed on plastic films, in a suspension in a small drop of
distilled water which was then evaporated. Shadowing of the samples
was obtained with Pd under a 20° angle, and the exposures were made
with 100 kV,

5. The chemical analyses are made at the Petrochemical Laboratory of the
Gieological Institute, Lieiden, by Miss I3. HageEmaN,

The changes in chemlcal composition ocecurring during the weathering are
not elearly demonstrated by the analyses and the calculated Nigglivalues 1°).
Concentration and transport however, are outlined by the calculated weathering
si fm e alk ti
al’ al”’ "al * al ’ al ’
al is considered as constant (Harrassowrrz, 1926).

The normative mineral composition is caleulated according to the
principe of normealculation of Burrl and Nicerr (1945), H,O is not included
in the sum 100, but is used for the caleulation of the percentages gibbsite,
boehmite and goethlte

The following base molecules and theoretic minerals were used.

values si’, fm’, ¢’, alk’, en ti’ respectively in which

Ab Albite 1/,; (68i0,. AL0O,.Na,0).

An Anorthite /s (28i0,. Al,0,. Ca0).

Ant Antigorite /s (28i0,.3Mg0.2H,0).

Fe-Ant Fe-antigorite /s (28i0,.3Fe0.2H,0).

At Amesite /s (8i0,.ALO,.2Mg0O .2 H,0),

Mg-Bi Phlogopite /s (68i0,.ALO,.6 MO .K,0.2H,0).
Bil Biotite /.. (68i0,.AlL0,.6 (Fe,Mg) 0.K,0.2H,0).
Fe-Bi Fe-biotite /e (68i0,.ALO,.6Fe0.K,0.2H,0).
Bo Boehmite 1/, (ALO,.H,0).

C Corundum 1/, (ALO,).

Cal Ca-aluminate /s (ALO,.Ca0).

Cord Cordierite /. (5810, .2 ALO, .2 MgO).

Fe-Cord  Fe-cordierite /. (58i0,.2 Al,0,.2Fe0).

Cp Ca-phosphate '/, (P,0,.3Ca0).

Cs Larnite 1/, (8i0,.2 Ca0).

En Enstatite Y/, (Si0,.Mg0).

Fa Fayalite /. (8i0,.2Fe0).

Fo Forsterite 1/, (8i0,.2 Mg0).

Fs Ferri-silicate Y, (Si0,.Fe,0,).

Gi (Hibbsite i/, (ALO, .3 H,0).

Go Toethite 1/, (Fe,05.H,0).

(Gram Yrammatite /s (88i0,.5Mg0.2Ca0.H,0).

Hm Hematite v/, (Fe,0,).

Hy Hypersthene 1/, (Si0;.Fe0).

Hz Ierzynite /. (ALO,.FeO).

Kaol Kaolin 1/, (28i0,.ALO,.2H,0).

Kp Kaliophylite /s (28i0,.Al0,.K,0).

MsI Muscovite /.. (68i0,.3 ALO,.K,0.2H,0j.

Mt Magnetite 1/, (FeO.Fe,0,).

Ne Nepheline /e (28i0,. Al,0,.Na,G}.

™) NweLI, P., 1948,
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Or _ Orthoclase 1/, (68i0,.ALO,.K,0).

Plag Plagioclase Mixture Ab and An

Q Quartz 1 (8i0,).

Ru Rutile 1 (TiO,).

Se Sericite see Ms I

Sil Sillimanite /. (8i0,. ALO,).
(andalusite,
disthene) :

Sp Spinel 1/, (ALO,.MgO).

Tit Titanite 1/, (8i0,.TiO,.Ca0).

W Water H,0.

Wo ‘Wollastonite 1/, (8i0,. Ca0).

Zo Zoisite /.6 (68i0,.3 ALO,.4Ca0.H,0).

In the normative mineral compositions An + Or + Ab=F and
Wo + Hy + En=P

B. THE CHIEF MINERALS IN THE WEATHERING ZONES IN
SURINAME AND DEMERARA

The number of minerals in the weathering zones is rather limited. In
the bauxites of Suriname and Demerara are mainly found:

1. Gibbsite, ALO, .3 H,0, the erystal system is monoclinic (MEcaw, 1934).
Twins occur frequently, both single and polysynthetic; gibbsite is optically po-
sitive. WincHELL (1951) gives as indices of refraction N, —= N, =1.565—1.577,
N,=1.58—1.595, 2V is related to the temperature and varies between
0°and 20°, .

Use was made in the X-ray investigation of the data published by
Rooksey (1951).

The reflections 4.9, 4.34, 2.45 and 2.378 kX are determinative.

OrceL (1935), Normon (1939), Brck (1950), Arens (1951) and vaN DER
Maren (1954) published differential thermal data on gibbsite and bauxite
which consisted mostly of gibbsite. An endothermal reaction occurs in the
range between 280° and 380° C.

On heating, corund is formed via gamma-, delte-, theta- en kappa- alumma
For the complete change to corund it is necessary to apply a temperature
of more than 1100° C. during one hour (Rookspy, 1951).

We found that gibbsite can be recognized with the eleetron microscope
by its six-sided shape. The flakes have a diameter of between 0.2 and 0.4 g
which is smaller than the diameter of kaolinite, and often they are more or
less rounded (see fig. 82).

2. Boehmite, ALO, . H,0, REicHERTZ and Yost (1946) defined the erystal
system as orthorombic, by means of X-ray analysis. The mineral has been
found in Suriname only in eryptoerystalline form.

The X-ray pattern shows four very strong reflections at 6.23, 3.16, 2.34
and 1.85 kX, which are characteristic (Rookssy 1951).

. An endothermal reaction is encountered with differential thermal ana-
lysis in the range between 450° to 600° C. (vaN pER MAREL, 1954).

From the electron microscope investigation of the heavy fractions
(bromoform s.g. 2.90) of the bauxite (which econsist almost entirely of
boehmite) it was shown in these cases that no clearly visible erystal habit
‘oceurs.
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In the ferrites occurs as main constituents:

3. Hematite, Fe,0,. This mineral is always eryptocrystalline and is found
often in botrymdal shape,

The X-ray pattern shows a clear picture with characteristic reflections
at 3.67, 2.689, 2.508 and 2.198 kX (RooskBy 1951).

4, Goethzte (Forp 1949), Fe,0, . H,0. Characteristic X-ray reflections are
found at 4.15, 2.674 and 2.433 kX (ROOKSBY 1951). An endothermal reaction
between 320° and 420° C. is encountered with differential thermal analysis,
OrceL (1935), Kerr and Kure (1948), Beck (1950), ArENs (1951), VAN DER
MareL (1954).

With the electron microscope it is shown that two forms occur. In
the first place macroscopically needle-shaped goethite, which wunder the
electron microscope also is needle-shaped (see fig. 85) and in the second
place goethite, found as dense, fine-grained material which in the field has
been mapped as limonite. Under the electron microscope this material is not
needle-shaped, but extremely fine-grained and with irregular borders (see
fig. 86). The X-ray pattern of both samples is the same, but that of the
fine-grained goethite is much less strong.

5, Siderite, FeCO,. The occurrence of siderite in the bauxite-ferrite deposits
at Mackenzie was mentioned by Sniipers*'), In the samples which were at
our disposal, either from Suriname or from Mackenzie, no siderite was found.

6. In the bauxites and the ferrites aenatase is found as TiO,-containing
mineral. The anatase occurs as cryptoerystalline material and has been found
in all bauxite-ferrite samples. With X-ray analyses the reflections at 3.50,
2.38 and 1.89 kX are characteristic (card index 22). »

7. Rutile was found only in the clay core of one bauxite coneretion. Ront-
genographically the reflections at 3.24, 2.48 and 1.69 kX are characteristic
(card index %),

Rutile and anatase were both found by X-ray analyses in the eclays
which underlie the bauxite.

As main constituents of the clays underlying the bauxite, are found:

- 8. Kaolinite, Al,0,.28i0,.2 H,0, Ross and KErr (1930). The crystal
system is triclinic (BRINDLEY and Rosivson, 1946). Kaolinite is optically nega-
tive, 2 V =20°—55°, N, = 1.553—1.563, Nv =1.599—1.569, N, =1.560—1.570
(WiNcHELL, 1951).

As characterlstlc reflections with the X.ray analyses were considered
those at 7.15, the group at 4.46, 3.57 kX and the two groups of three
reflections at 2.55, 2.52, 2.49 and 2.37, 2.33 and 2.28 kX (BrinoLEY, 1951).

Characteristic for a good kaolinite, according to BRINDLEY, are the pair
of reflections at 4.17 and 4.12 kX,

. The literature on differential thermal analysis of kaolinite is already
fairly extensive, e.g. InsLEv and Ewrr (1935), Norton (1939), Grm and
RowraNp (1942), Spem (1945), Kerr, KuLpr and Haminton (1951), Beck (1950),
VAN DER MAREL (1954). With differential thermal analyses kaolinite shows
two reactions; one endothermal reaction in the range between 500° and
650° C. and an exothermal reaction between 980° and 1040° C.

Under the electron microscope kaolinite has a six-sided elongated form.

1) Ir. P. SNWDERS, Personal Communieation,
13) Alphabetical and Grouped Numerical Index of X-ray Diffraction Data (1954)..
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Twins occur, and sometimes ragged edges are observed (HuMBERT and SHAW,
1941), KErr, et al. (1951) (see fig. 69). .

9. Metahalloysite occurs in Suriname in much less abundance than kaolinite.
It is mainly- found at Onverdacht in the transition zone between soil cover
clay and bauxite. Metahalloysite is the name proposed by Mac Ewan (1947)
for a mineral of the halloysite group. BrmDLEY and Goopyear (1948) use
for the halloysite group the general formula Al,0,.2 S8i0,.2 H,0, in which
n =21/, to 23/, for metahalloysite. _

After several hypotheses about the structure of halloysite (MEHMEL,
1935, HenprICKS, 1938, EpELMAN and Faveser, 1940), Bates, HipeBranD and
SwiNerorp (1950) in their investigation started from the tubular habit of
halloysite, as observed under the electron microscope. In the direction of
the b-axis the six hydroxyl ions on one side of the unit cell of gibbsite
occupy a distance of 8.62 &, the corresponding six oxygen ions in the
silicon-oxygen sheet in kaolinite occupy a distance of 8.93 A.

If the adjoining units are less than 3 A away the six oxygen ions of
one unit stretch the opposing hydroxyl ions to fit the cell dimension of
893 A, - .

As a result of the greater distance of 574 A in halloysite and the
presence of interlayer water, the hydroxil ions are only slightly, if at
all, subjeet to stretching forces from opposing oxigen layers of neighboring
units. In this case the six hydroxyl ions are free to approach their normal
spacing of 8.62 A while the six oxygens ions on the opposite side of the
same unit oceupy a distance of 893 A. If the vertical bonds within the
unit remain of equal length relative to each other, a curvature must result.

. Rontgenographically metahalloysite is distinguished by its wide basal
reflections at 7.2—7.5 kX and 3.578 kX and the diffuse line at 4.422 kX,
which has a higher intensity than both basal reflections (BrmvLEY, 1951).

Differential thermal investigation was done among others by Spemw (1945),
KErr, KuvLp and Hamivton (1951) and van per MAReL (1954). Depending on
the amount of adsorbed water an endothermal peak is registered with a
variable intensity, between 50° and 200° C. A second endothermal reaction
is registered between 500° and 650° C., and an exothermal reaction is
registered between 980° and 1040° C. The differential thermal curves of
poorly crystallized kaolinite and halloysite show great similarity (Kurr, KuLp
and Havruron 1951). Both minerals have an endothermal reaction as a result
of adsorbed water. The second endothermal peak is relatively wide for
kaolinite and shows a smaller amplitude than with halloysite. In contrast
to halloysite the exothermal reaction of poorly erystallized kaolinite is small
and rounded. The occurrence of an asymetrical peak with halloysite is not
characteristie, as this is also observed with kaolinite (vaAN pER MAREL 1954).

Smaw and Humsert (1941), (KErr et al, 1951) studied halloysite with
the electron microscope. This mineral has a tubular habit, in which it
distinguishes itself from kaolinite (see fig. 81).

10. Chlorite. The presence of chlorite was noted when examining the weather-
ing zone of bedroek of the weathering section of the Plateau type with the
X.ray method. The 14 kX reflection is characteristic.

OrceL (1927) gives a number of differential thermal curves of chlorites.
Vax pER MAREL (1954) mentions an endothermal reaction between 580° and
650° C, and an exothermal one between 800° and 900° C.
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Under the electron microscope chlorite shows a not well defined
elongated hahit, well-developed flakes are rare, usually a more or less ragged
border is observed (see fig. 84).

The clays of the soil cover at Onverdacht, which belong to the Coropina
formation consist largely of:

11. Illite. This is a group name for clay minerals that show a close relation-
ship with the micas (Grm, Bray and BrapLry, 1937). The ratio SiO,/ALO;
of the illites is higher than that of well erystallized micas. The size of the
illite particles is small: one to two microns or less (GrmM, 1953).

Use was made of the data published by GriM, BrRapLEY and Brown (1951).
Illite is distinguished from kaolinite and metahalloysite by the basal reflect-
ions at 10 kX, Differential thermal analysis was done, among others by
GrM and Rowranp (1942), GriM and BrapLEY (1951), Kerr, Kurp and
Hammron (1951), van pEr MareL (1954). Illite shows three endothermal
reactions respectively in the ranges 150°—200° C., 600°—750° C. and 860°
and 920° C. and an exothermal reaction between 900°—950° C,

Electron microscopical investigations show sometimes the hexagonal
shape of the flakes (GrmM, 1953), sometimes they are not very well-developed
and irregular in shape, but usually distinet outlines are shown (see fig. 79).

C. MINERALOGICAL AND CHEMICAL INVESTIGATIONS OF THE
WEATHERING SECTIONS

1. Plateau type bauxite
Mineralogical investigation

For the deposits belonging to this type the weathering section of the
Nassaugebergte is representative. This section, which is deseribed in
Chapter II page 256 consists from top to bottom of the following layers.

Soil cover.

Bauxite-ferrite.

Transition zone.

Residuary clay.

Weathering zone of bedrock.
Solid rock (basalt).

P oo s

a. The investigation of the thin sections of the solid rock showed the fol-
lowing results. As chief minerals oceur hornblende, epidote, quartz, feldspar
and chlorite. The hornblende shows locally alteration in chlorite; here and
there hornblende had enclosures of ore and epidote which minerals are
probably alteration produects. The feldspars are chiefly alterated in kaolin,
saussurite and sericite. Probably the feldspar consists of plagioclase which
opinion is endorsed by the observation of a single not measurable twin.
In the thin section a number of little eracks are found which are filled with
quartz and chlorite (pennine). Locally concentrations of chlorite are observed
to fill small cavities, the walls of which are covered by a thin layer of
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quartz. Amygdaloidal struetures form an indication for an effusive or
voleanic gangue rock. _

These very fine quartz veinz are of younger age than the chlorite veins
as the latter are intersected by the former. Pennine is sometimes found in
very large concentrations and shows now and then alteration in limonite.

As further constituents we encounter pyrite and sometimes apatite.

The texture is holoecrystalline, hypidiomorph, fine-grained to very fine-
grained. The structure is-influenced by dynamo-metamorphism which varies
from slight to strongly epimetamorph.

From this investigation was concluded that the original rock consist of
a weakly to strongly epimetamorphie chloritized and saussuritized basalt,
rich in hornblende.

b. In the weathering zone of bedrock three zones can be distinguished.
The first zone strongly resembles the unweathered bedrock, even the green
colour is preserved. The material consists of a tough green coloured weather-
ing clay which, as indicated by the X.ray examinition, consists of chlorite
next to small quantities of feldspar, hornblende and quartz. In the second
zone feldspar as well as hornblende have disappeared and the X.ray pattern
denotes the presence of chlorite together with a small quantity of quartz.
The third zone also shows the structure of the solid rock, the colour is
yvellowish-white to yellowish-brown. Rontgenanalyses indicated that the
weathering clay in this zone mainly consists of kaolin with small quantities
of hematite, goethite and quartz.

The occurrence of limonite practically made the examination of the
weathering zone of bedrock by thin sections impossible,

c. Residuary clay, in which the original texture and structure are not ob-
served, includes the clay layer between the weathered bedrock and the
transition zone. X-ray and differential thermal analyses proved this clay
to consist mainly of kaolinite. With the electron microsecope small tubes of
(meta)halloysite were observed in the kaolin. The heavy mineral fraction
of the kaolin comprised hematite, goethite, rutile and anatase.

d. In the transition zone gibbsite is encountered as small clear grains in
which as enclosures small dots of kaolin occur, as well as very small
cylindrical concretions econsisting of cryptocrystalline to mieroerystalline
gibbsite and of a yellow to faintly pink ecolour.

e. The bauxite, as found in the bauxite-ferritecap principally consists of
gibbsite. Gibbsite occurs in sizes varying between coarse ecrystalline and
cryptocrystalline. After separating the heavy mineral fraetion from the bau-
xite by means of bromoform (s.g. 2.90) the presence of boehmite appeared
from X-ray patterns. The heavy mineral fraction consisted of yellow and
yellow-brown grains which did nto extinguish between crossed nicols. At
the same time the characteristic reflections of gibbsite and anatase were
observed. Boehmite is very closely intergrown with gibbsite, pure boehmite
could not be separated

Boehmite is encountered in bauxite in changing quantltles from 1 up
to 10 % *). The smallest percentages of boehmite are found in bauxite con-
sisting of fine- to coarse-crystalline gibbsite. Higher amounts are encountered

*) Weight percentages.
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in bauxites consisting of eryptocrystalline gibbsite, the highest percentages
are found in pisolitic bauxite, where the amount of boehmite ecan run as
high as 10 %.

Cryptocrystalline gibbsite is encountered frequently; bauxite consisting
of this type of 01bbs1te is intersected by a great many cracks which are
filled with micro- and macrocrystalline gibbsite, the thickness of these cracks
is up to about 1.5 millimetres. If these cracks are entirely filled with gibb-
site, it may be observed that the erystals are not orientated. This in con-
trary to the instances where gibbsite erystals merely eover the walls. In this
case the crystals are arranged with their longitudinal axes (crystallographie
bh-axis) perpendicular to the walls. These crystals are found on a thin layer

Fig. 56. Thin section of bauxite showing pores in bauxite which are entirely filled
with gibbsite. The erystals are not orientated (Nassaugebergte). X-nicols, X 80.

consisting of much smaller crystals which are not orientated. This layer
shows a fairly sharply defined boundary with the eryptocrystalline material.
An unorientated arrangement is also observed when small cavities are filled
with miero- and macroerystalline gibbsite (fig. 56). Twinning, single as well
as polysynthetie, is often observed.

In the pisolitic bauxite cryptocrystalline gibbsite plays an important
role. The shells of the pisolites namely consist of cryptocrystalline gibbsite.

The core of the pisolites may consist of 2 or 3 odilites or of white clay,
which according to X-ray examination is formed by kaolinite and gibbsite.
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Sometimes the core occurs as an angular particle. In the pisolites a number
of eracks filled with microcrystalline gibbsite are found (fig. 57).

The matrix of pisolitic bauxite consists of fine miero- to eryptocrystal-
line gibbsite in which kaolin oceurs as a contaminant.

The components of the bauxite breceia are erypto- as well as micro-
erystalline gibbsite, the cement is formed by fine microerystalline gibbsite
locally contaminated with kaolin. Some parts show cracks filled with miecro-
to macrocrystalline gibbsite. Throughout the entire layer a somewhat plastie
clay occurs which, as indicated by X-ray and electron mierocopical examina-
tion, consists mainly of gibbsite while next to it small quantities of kaolinite
and metahalloysite are found. :

The prinecipal part of the ferrites is made up by hematite and goethit

Fig. 57. Thin section of pisolitic bauxite. Pisolites show eracks filled
with gibbsite, which do not continue in the matrix. Also in some
oGlites they do not occur (Nassaugebergte). X 15.

(fig. 58). Almost the entire fraetion of the ferrites consists of magnetie
hematite. Goethite is found considerably less and is principally encountered
in limonite banks. Hematite as well as goethite are often very fine-grained,
hematite is often found in botryoidal forms. It appeared that hematite is
an alteration product of goethite,

f. In the soil cover it appeared that hematite is the principal constituent
of the shining iron beans, whereas, goethite is the principal constituent of
the dull little iron stones.
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Chemical investigation

From the weathering section of the Nassaugebergte, six samples were
analyzed 2),
Analysis 1: Solid rock. Weakly to strongly epimetamorphic chloritized and
saussuritized basalt, rich in hornblende.

Fig. 58. Polished section of pisolitic ferrite. The centre of the pisolite consists
of hematite., The outer shells are formed by goethite and also contain small grains
of hematite (Nassaugebergte). X 55.

Analysis II: Weathering zone of bedrock, first zone. X-ray investigation
showed that no complete chloritization took place; small quantities of
quartz, feldspar and hornblende are still present.

Analysis IIl: Weathering zone of bedrock, third zone. The X-ray pattern
showed, along with kaolinite, small quantities of chlorite, quartz and
goethite,

Analysis IV: Residuary clay which, according to the X.ray investigation,
consists mainly of kaolinite.

Analysis V: Yellowish white pisolitiec bauxite. Roéntgenographically it has
been determined that this sample eonsists mainly of gibbsite, whereas,
boehmite and anatase are also present in small quantities.

¥) Owing to special circumstances no ferrite analyses are available.
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Analysis VI: Dense, homogeneous bauxite. The X-ray investigation also
indicated, apart from gibbsite, the presence of small quantities of boehmite
and anatase.

Chemieal analyses ®, weathering section Nassaugebergte.

g 1I - III v A% VI

Si0, 48.75 43.20 48.18 36.20 0.40 0.28
ALQ, ' 14.01 12.04 15.50 32.92 62.96 58.75
Fe,0, 3.44 11.91 22.64 13.55 0.63 2.45
FeO .10.80 7.76 trace 0.00 trace trace
MnO 0.20 0.26 0.00 0.00 trace 0.03
MgO 6.99 541 0.34 0.25 0.19 0.10
CaO 7.90 9.30 010 trace trace trace
Na,0 2.52 2.15 0.10 - 0.34 - 0.55 045
K,O 0.45 0.48 0.31 0.00 trace’ 0.07
H,0+ 3.53 3.37 8.00 12.97 30.12 29.08
H,0—- 0.10 0.96 3.85 0.56 0.74 0.76 -
TiO, ‘1.10 2.73 1.44 341 . 38.89 8.10
P,0, 0.14 0.23 trace 0.13 0.34 0.11

. 99.93 99.80 100.46 100.33 99.82 100.18

Normative mineral compositions (mol. %').

Q 5.4 6.2 342 — — -
F 303 16.4 .- — — —
Gram 315 23.0 —_ — -_— —_
Zo 9.6 17.8 — —_ —_— —
Ant ) ; _ :
ant f 195 | 249 — — — -
Ru 0.9 2.1 34 3 3.8 7.7
Hm 2.5 48 9.8 3.9 0.5 24
Cp 0.3 0.4 — —_ — —
Kaol — 44 41.8 85.2 1.0 0.8
Gi#es — — — 2.9 82.1 80.1
Bo — —_ — —_ 10.5 7.5
Go — —_ 9.6 3.9 -— —
Accessoria — — 1.2 11 2.1 15
100.— 100— | 100.— 100.— 100.— 100.—
Nigglivalues.
si 119 101 180 121 1 0.3
al 20 16.5 .34 65 97 93
fm 54 55 65 M 2 5.5
e 20 23 —_ — — —
alk . 6 5.5 1 1 1 1.5
tio 2.1 - 45 109 84 1.9 17.9
k - 0.11 0.13 0.6 — — 0.13
mg 0.47 0.34 0.03 0.04 0.33 0.09
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Weathering values.

o Tl ’ al ¢ Tl alk’, al t
| Bl I 111 . IV A" VI

si’ 595 6.15 5.29 1.86 0.01 —_
fm’ 2.70 3.35 191 0.52 0.02 0.05
¢ 1.00 1.40 —_— — —_ —
alk’ 0.30 0.34 0.03 0.02 0.01 0.01
ti’ 0.11 0.27 0.32 0.13 0.08 0.19

Na,0 K,0 .

_AE— X 100=NA ALO, X lOO—KA
NA 29.5 30.2 1.0 1.6 1.5 14
KA 3.6 43 2.0 — — 0.2 .

*  Analyzed by Miss B. HaGEMAN, Petrochemical Laboratory, Leiden.
** Magmatype, normalgabbroid (NiceLI, 1936).
**#% @i = Gibbsite

Bo = Boehmite

Go = Goethite

From the chemieal analyses and the weathering values of the solid rock
(analysis I) and the first zone of weathered bedrock (analysis II), the
relative increase of si, fm, ¢, alk and ti is demonstrated. This increase as
appears from the analyses, is greatest for Fe,0,. It is possible that the
general increase is caused by chemical variations of the solid rock. The
normative mineral ecompositions show that in the first zone of the weathered
bedrock F and Gram have partially disappeared, whereas, Zo, Ant + Am,
Ru and Hm are increased and Kaol is formed.

Most remarkable is the great decrease of ¢ and alk in the third zone
of the weathered bedrock (analysis III) when compared with that of the
first zone. An increase of si and fm is shown by the chemical analyses,
however, the weathering values indicate a relative decrease. From ti’ it
appears that, in the case of ti, a relative increase took place. The norm
of this sample shows that the main mineralogical components are formed
by Q and Kaol. The weathering values of the residuary clay (analysis IV)
show a desilification in comparison with analysis III. A decrease is indicated
for fm, whereas, the increase for ti in analysis IV is actually a relative
decrease. The decrease for alk as found in analysis IIT is continued in
analysis IV, although to a lesser extent. From the normative mineral
composition it appears that the residuary clay is formed principally by Kaol.

The analyses and weathering values of both of the bauxite samples
(analyses V and VI) show an advanced desilification as compared with the
residuary clay. A decrease is also shown for fm and alk. It appears from
ti’ that in analysis V there is a relative decrease and concentration of ti in
analysis VI. The normative mineral compositions of both analyses indicate
the predominating mineral is Gi. The percentages Bo of the respective
samples are, however, rather high. The mineralogical investigation demon-
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strated that the analyses V and VI possessed a boehmite content of approxim-
ately 4 and 3 % *) respectively.

From the chemical analyses it follows that MgO, Na,0 and TiO, are
influenced by the weathering process, and, that there is a great decrease
for FeO, MnO and K,O. The influence of weathering is greatest on MgO
and Na,O, whereas, Ti0, appears to be affected by the weathering process
only to a small extent.

The behaviour of Na,0 ecompared with K,O0 is remarkable. From the
analyses, the NA and the KA values, it appears that Na,O shows an increase
from the third zone of the weathered bedrock to the residuary clay and the
bauxite samples. This is contrary to K,0, which decreases in this direction.

2. High-level type bauxite
Mineralogical investigation

The weathering section is deseribed macroscopically in Chapter II,
page 267. The complete section from top to bottom is as follows:

f. Soil cover.

e. Bauxite-ferrite,

d. Transition zone.

¢. Sedimentary clay.

b. Sand layer (locally absent).
a. Weathered bedrock.

a. The weathered bedrock is entirely kaolinized, as appeared from X-ray
and differential thermal analyses. Next to quartz, found as lenses in this
residuary clay, much staurolite is encountered. Locally, large concentrations,
of goethite and hematite are found in this kaolin. Pegmatites occur fre-
quently, quartz shows sugarlike weathering. Here and there white spots
with rectangular boundaries are found in this quartz which consists entirely
of kaolinite. These spots are circa 4 millimetres long and 2—3 millimetres
wide, they are probably kaolinized feldspar. In the mostly clearly white
kaolin of the pegmatites, weathered tourmalines occur and small books of
muscovite about 8—10 centimetres in diameter.

b. The sand layer, if present, is coarse-grained. As heavy minerals, next to
chiefly staurolite, are found tourmaline, andalusite, disthene, rutile anatase
and zirecon. Remarkable is the occurrence of small grains of bauxite in
these sands.

¢. The sedimentary clay is mainly formed by kaolinite as indicated by X-ray
and differential thermal analyses. Electron microscopie investigation of the
clays showed the presence of very small quantities of metahalloysite. Over
the entire kaolin layer gibbsite is found. The gibbsite is present as small
clear grains, which frequently enclose small specks of kaolin. Furthermore
gibbsite is the prineipal component of the concretions which are found in
the kaolin, in which it is found in eryptoerystalline to macrocrystalline form.

‘Where gibbsite is encountered as a cover of the walls of small cavities
and cracks, the longitudinal axes are arranged perpendicular to these walls.
The erystals are resting on a thin layer of unorientated fine-grained gibbsite

*) Real mineral composition, weight percentages.
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crystals. The gibbsite crystals show single as well as polysynthetic twins.

Quartz grains are found throughout the entire kaolin layer, some show
solution phenomena. The heavy mineral fraction of this kaolin has the same
components as the layer of sand between the weathered bedrock and the
clay, namely, staurolite, tourmaline, andalusite, disthene, rutile, anatase and
zireon.

d. In the transition zone the quartz grains show an increasingly intensive
dissolving, near the top of this zone they are practically absent (fig. 59).
Gibbsite increases to the top and occurs as small clear grains enclosing
kaolin specks. Cavities and pores in the transition zone nearly always have

Fig. 59. Thin section of porous bauxite showing the remnants of
partially dissolved quartz grains (Moengo Hill). X-nicols, X 50,

a small cover of gibbsite crystals, the longitudinal axes of which (erys-
tallographic b-axis) are arranged perpendicular to the walls, At the same
time in this zone bauxite clay is found, together with metahalloysite (which
was indicated electron microscopically).

The formation of the eylindrical conecretions found in this zone is as
follows: In the first stage a tube is found, the wall of which is formed
by macrocrystalline gibbsite crystals, arranged with their longitudinal axes
perpendicular to the walls, The second stage shows that the gibbsite crystals
stay with their longitudinal axes perpendicular to the walls, but between
the erystals and the wall a thin layer of unorientated microcrystalline
gibbsite is found. In the third stage the change from the unorientated
layer of gibbsite in eryptoerystalline gibbsite of a faintly pink ecolour is



326

seen. While the walls of these tubular concretions are growing, erypto-
crystalline gibbsite predominated more and .more and finely the entire
concretion consists of it.

e. Bauxrite consists principally of gibbsite. From X-ray analyses of the
heavy mineral fraetion the presence of boehmite was indicated, although
in small quantities (under 1%).

Gibbsite occurs in granularity from erypto- to macrocrystalhne Micro-
and macrocrystalline gibbsite makes out the principal part of the bauxite
formed in these sediments. As TiO,-bearing mineral in the heavy mineral
fraction of the bauxites, anatase was indicated with X-ray analyses. Anatase

Fig. 60. Thin section of bauxite containing much staurolite, The
staurolite shows alteration to gibbsite (Moengo Hill). X-nicols, X 50.

does not occur as grains, as in the heavy mineral fraction of the kaolin,
but as cryptocrystalhne granular aggregate whlch do not extinguish between
crossed nicols.

In the bauxite the same heavy minerals are found as in the kaolin.
Microscopical investigation showed that a number of them had been subject
to weathering and show partially alteration in gibbsite (fig. 60 and 61), as
already was mentioned by TrR MEULEN (1949).

The thin layers and spots of white elay occurring in the bauxite consist,
as indicated by X-ray and electron microseopical investigation, of gibbsite,
kaolinite and metahalloysite.

‘The main components of the ferrite are hematite and goethite. Hematite
is magnetic and makes out the chief part of the ferrites; goethite occurs
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Flg 61. Polished section, in which the alteration of staurolite to gibbsite is shown
(the dark grey material is gibbsite) (Moengo Hill). X 140.

Fig. 62. Polished section of ferrite. In the kaolin, goethite penetrates and alters to
hematite (Ricanau Hill)., X 85, .
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to a lesser extent. During the ferritization goethite penetrates into bauxite
or kaolin along cracks and joints. This goethite shows alteration into
hematite (fig. 62). '

The soil cover consists chiefly of iron beans and little stones, while
bauxite-ferrite pebbles are found as well. In the beans hematite is found
as the principal component, in the little stones goethite.

Chemical investigation

Of the four analyses, one was made of a kaolin sample from under the
bauxite-ferrite eap of the Ricanau Hill, and one of a bauxite sample from
the cap. The two remaining analyses were made of the bauxite shell and
clay core of an egg-shaped concretion. -

Analysis VII: Kaolin; the sample is taken about 3 metres under the bauxite-
kaolin boundary. The X-ray investigation shows the principal eomponent
to be kaolinite, whereas, a small quantity of quartz is also present.

Analysis VIII: Dense, homogeneous, pink bauxite, consisting of miero-
crystalline gibbsite, Rontgenographically, along with gibbsite, small
quantities of kaolinite, boehmite and anatase are also observed.

Analysis IX: Bauxite shell of an egg-shaped concretion. The X-ray pattern
denotes chiefly the presence of gibbsite, with small quantities of kaolinite
and anatase.

Analysis X: Clay core of an egg-shaped concretion. The X-ray investigation
indicated that this clay mainly consists of kaolinite, along with gibbsite,
rutile and anatase.

Chemical analyses *, Moengo.

VII VIII IX X

Si0, 44 .34 3.66 6.34 35.92
Al,0, 36.55 61.71 58.09 38.56
Fe, 0, 2.13 0.94 2.97 4.04
FeO trace trace trace trace
MnO trace trace trace trace
MgO 0.33 0.34 0.22 0.24
CaO 0.28 trace 0.23 trace
Na,0 0.10 0.28 0.19 0.37
K, O 0.28 0.08 0.47 . 0.08
H L0+ 13.98 31.17 29.86 14.05
H20— » 0.37 0.14 0.12 0.63
TiO, ' 1.93 1.68 1.57 5.60
PO, » . 0.17 0.19 0.20 " 026

100.46 100.28 100.40 99.75
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Normative mineral compositions (mol. %).

via VIII IX X

Q 13 — ‘ — —
Kaol 94.2 9.2 15.8 79.8
Gi ' —_ 86.9 77.9 10.6
Hm 1T 0.8 2.8 1.7
Go — — — : 1.6
Ru ‘ 1.6 15 15 4.7
Accessoria 1.2 1.6 2.0 1.6

100.— 100.— 100.— 100.—
Nigglivalues.
si 183 9.6 17 135
al o 89 95 91 85
fm : 8.5 4 T 13
e ) 1 — 1 —_
alk 15 1 1 2
ti 6 .33 32 15.9
k _ 0.60 0.17 0.63 0.14
mg o 0.24 0. 48 0.13 0.12
‘Weathering values.

si , fm ., e ,ak ., ti __,
Bl o Tl » @l % el =alk, al o
si’ 2.05 0.11 0.19 1.58
fm’ 0.09 0.04 0.08 0.15
¢ 0.01 — 0.01 . —_
alk’ 0.01 0.01 0.01 0.02
ti’ 0.07 0.04 0.04 0.19
‘ 'Na,0 _ K,0
ALO, X 100 = Al,0,

NA . 04 0.8 0.5 1.7
KA 0.8 0.2 0.8 0.3

* Analyzed by Miss B, HAGEMAN, Petrochemical Laboratory, Leiden.

The analyses and weathering values of the kaolin (analysis VII), as
compared with the same values of the bauxite, show that the desilification
took place from the kaolin towards the bauxite. A decrease is also found
for fm, ¢ and ti, in which the decrease is greatest for ¢. In alk, which is
already low in kaolin, no relative changes occur. The normative mineral
compositions of these two samples coincide with the mineralogical composition.

Analyses IX and X are made of the bauxite shell and the clay core of
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an egg-shaped concretion. When comparing the analyses and the weathering
values of the bauxite shell with those of the clay core, towards this bauxite
shell desilification and a decrease for fm and ti are apparent. Towards the
bauxite shell, an increase of ¢ is shown. The increase of Na,0 and K,O
of the clay towards the bauxite shell in the analyses is, in fact, a relative
decrease as is indicated by the weathering values. Remarkable is the high
TiO,-content of the eclay core of the egg-shaped concretion. The norm,
caleulated for the bauxite shell as well as for the core, checks with the
real mineral composition,

From the NA, and the KA values the kaolin analysis (analysis VII),
and the bauxite analy51s (analysis VIII) an increase of Na,O towards the
bauxite is apparent, and also the decrease in this direction of K,0. The clay
core (analysis X) shows the reversed picture, as compared with the bauxite
shell (analysis IX) of the egg-shaped concretion. Na,O decreased, and K,O
increased towards the bauxite. At the same time ¢ behaves abnormally,
sinee it is present in the bauxite and not in the clay core.

3. Medium-level type bauxite
Mineralogical investigation

Three sections as observed at Onverdacht, are described in Chapter II,
page 286. Sections A and B are representative for the greatest part of these
deposits. The weathering section consists of five important layers, namely:

Sedimentary clay (soil cover mainly consisting of illite).
Transition zone.

Bauxite-ferrite.

Transition zone.

Sedimentary clay (mainly kaolinite).

pPoepe

a. The sedimentary cloy mainly consists of kaolinite which has been proved
rontgenographically and differential-thermically, The electron microscopie
examination showed that apart from kaolinite, small quantities of metahal-
loysite are present.

Gibbsite is found throughout the entire kaolin layer; often it is en-
countered as relatively clear grains with local enclosures of kaolin. Gibbsite
is present in micro- to macrocrystalline form in the numerous smaller and
bigger cylindrical concretions. In cases where gibbsite is covering the walls
of cracks and cavities, again the longitudinal axes (cristallographic b-axis)
of the gibbsite crystals are arranged perpendicular to these walls.

Locally concentrations of quartz grains are found. The heavy mineral
fraction of the kaolin consists of tourmaline, rutile, anatase, disthene, andalu-
site and zircon.

b. In the transition zone it is observed from bottom to top that the quartz
grains are subject to solution, in general they are almost totally disappeared
near the top of the layer.

Very remarkable was the presence of chalecedony about 1.5 metres under
the bauxite — kaolin boundary.

¢. The main constituent of bauxite is gibbsite; boehmite has as well been
recorded in the heavy mineral fraction. The quantity of boehmite never
exceeds 1 %, some bauxite samples do not contain boehmite at all. Boehmite
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is present in yellow to yellowish-brown aggregates which do not extinguish
between crossed nicols. The X-ray patterns did also show that next to
boehmite small quantities of gibbsite and anatase are present.

Gibbsite is found in two distinet granularities, namely macrocrystalline
and bauxite clay. Microerystalline gibbsite is found but in a much lesser
extent than in the other deposits. In the cases gibbsite is found covering
the walls of cracks and pores, the longitudinal axes of the crystals are
arranged perpendicular to the walls (fig. 63). If the gibbsite crystals are
found to fill the cracks and pores entirely, the erystals are not orientated.

Fig. 63. Thin section showing gibbsite erystals ecovering the walls of a pore. The crystals

are orientated with their longitudinal axes (crystallographic b-axis) perpendicular to the

wall. Between these crystals and the wall a thin layer of unorientated gibbsite crystals
is seen (Onverdacht). X-nicols, X 30.

Sometimes it was observed that the lamellae of the cellularly bauxite
consisted of thin layers of gibbsite alternating with thin layers of kaolinite
(the thickness of the layers is up to 0.5 millimetre). The outside layer was
in several instances formed by kaolinite,

In the bauxite sometimes remnants of partly dlssolved quartz grains are
observed.

The same heavy minerals occurring in the sedimentary clays exist in
the bauxite (fig. 64).

The clay enclosures and layers in bauxite are formed by kaolinite, meta-
halloysite and bauxite clay as was observed by X-ray and electron micros-
copical examination,
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The ferrites consist principally of hematite and goethite. Hematite is
magnetic and makes out the principal constituent of the ferrites. Goethite
occeurs generally to a lesser extent and forms the principal constituent of
limonite banks which however appear to consist of hematite over large
distances.

d. The tremsition zone bauxite—sedimentary clay (soil cover) consist of
metahalloysite and gibbsite while also small quantities of kaolinite are found,
which was indicated by X-ray, differential thermal analyses and electron
microscopy. Remnants of quartz grains show further solution.

Fig. 64. Thin section of bauxite. The heavy minerals (staurolite and tourmaliné)
do not show alteration (Onverdacht). X 25.

e. The sedimentary clay of the soil cover consists mainly of illite as shown
by X.ray and differential thermal analyses. Quartz is found in quantities
which may exceed 30 %. Part of the quartz is so fine-grained that it could
not be removed from the clay fraction by washing. Not always the for
illite characteristic 10 kX reflection was observed in the X-ray patterns.
Differential thermal analyses showed always the characteristic reaction for
illite. In most cases no reflections for other clay minerals are found.
A 7 kX reflection however was recorded in bleached illite clay, whereas, it
could not be defined whether this reflection belonged to kaolinite or meta-
halloysite. The electron microscope proved this mineral to be metahalloysite.
The bleaching oceurring in this clay is described in Chapter II, page 289. The



333

bleaching in first instance has no influence on the mineralogical constitution
of the elay. When bleaching becomes more intensive however, changes do
oceur, With increasing intensity of the bleaching more and more metahalloy-
site occurs. At the same time quartz grains show solution symptoms which
become more intensive by increasing bleaching intensity. The transition zone
underlies these bleached sedimentary clays of the soil cover.

The heavy mineral fraction of the clay included tourmaline, rutile, ana.
tase, staurolite, disthene, andalusite, corundum, glancophane and zircon.

Chemical investigation

Of this weathering section six analyses are available,

Analysis XI: Illite clay; the sample was taken from the soil cover and
showed no bleaching. A few red spots denoted the presence of iron
hydroxide. Rontgenographically, illite and quartz were observed.

Analysis XI1: Dense, homogeneous bauxite, consisting of miero- to maeroerys-
talline gibbsite. The sample was derived from the middle of the bauxite
layer. The X-ray investigation showed the presence of gibbsite and a
very small quantity of boehmite.

Analysis XITI: Coarse-grained gibbsite from the bottom part of the bauxite
layer. The X-ray pattern showed the presence of gibbsite, along with
small quantities of kaolinite, boehmite and anatase, :

Analysis XIV: Transition zone; the sample is taken from the transition
zone bauxite — kaolin. Rontgenographically, along with kaolinite, gibb-
site and anatase were observed.

Analysis XV: Kaolin; the sample is taken about 5 metres under the bauxite —
kaolin boundary. X-ray investigation showed kaolinite as the main
constituent.

Chemical analyses *, weathering section Onverdacht.

X1 XII XIIT X1V XV

Si0, - 59.94 trace 191 21.36 41.20
ALQ, 20.34 66.40 64.51 50.66 39.71
Fe,0, 4.77 0.30 0.07 1.85 0.37
FeO 0.40 trace trace trace trace
MnO 0.02 0.03 trace trace trace
MgO 0.35 0.39 0.30 0.39 0.18
Ca0 0.62 trace trace 1.21 111
Na, O 0.52 0.31 0.44 0.26 . 0.20
K,0 1.49 0.25 0.09 trace 0.06
H,0+ 7.46 31.46 32.02 21.31 14.38
H,0— 3.04 0.19 0.08 0.57 0.67
TiO, 1.16 0.51 -0.84 2.53 2.05
PO, 0.18 0.10 _ 0.18 0.18

100.29 99.94 100,44 100,32 100,11
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XI XII XIII X1V XV
Q 12.2 — _— — —
111 ** 82.9 — — — —_
Kaol — — 4.6 492 89.6
Gi — 81.8 86.7 34.9 44
Bo _— 154 6.2 9.1 1.7
Ru 0.9 0.5 0.8 2.1 1.7
Hm —_ — — 1.7 —
Go 3.7 — — — —_
Accessoria 0.3 2.3 1.7 3 2.6

100.— 100.— 100.— 100.— 100.—
Nigglivalues.
si 323 — 19 64 163
al 64 97 98 89 92
fm 24 2 1 6 2
e 4 — — 4 5
alk 8 1 1 1 1
ti 49 0.9 15 5.6 6.1
k 0.67 0.36- 0.13 — 0.25
mg 0.12 0.72 1.00 0.30 0.55
‘Weathering values.
si ., fm  _, _ o a8k ot
ol =S o =i oy = o =l o =

st/ 5.02 — 002 0.72 1.76
fm’ 0.38 0.02 0.01 0.06 . 0.02
¢ 0.06 — — 0.04 0.05
alk’ 0.12 0.01 0.01 0.01 0.01
ti’ 0.01 0.01 0.02 0.06 0.07

Na,O K,O

_ — —_— = ‘A

AL,0, X 100=NA ALO, X 100=K
NA 4.0 0.8 1.0 1.0 0.8
KA 8.0 0.5 0.2 — 0.3

* Analyzed by Miss B, HAGEMAN, Petrochemical Laboratory, Leiden,
** Il = illite, calculated according to Si0,/ALO, ratio of muscovite (GriM, 1953) -
Na, 0, K,O and CaO. ’

As indicated by the analyses and the weathering values, great changes
took place form the soil cover (analysis XI) towards the bauxite (analy-
sis XII). A praetically complete desilification occurred, whereas, for fm, e
and alk a decrease is apparent. From ti’ it follows that relatively no change



335

occurred for ti. As far as Na,0 and K,O are concerned, it may be remarked
that NA and KA are both high in the illite clay and show a decrease towards
the bauxite. This decrease is greater for K,0O than for Na,O.

The analyses XIII, XIV and XV are of bauxite, transition zone kaolin —
bauxite and kaolin samples respectively. When examining the analyses and
the weathering values it appears that, from the kaolin via the transition
zone towards the bauxite, there is a desilification. However, a decrease is
also shown for fm, ¢ and ti. For alk the weathering values show, that there
is no relative change. NA and KA values show a clear picture of the increase
of Na20 from the kaolin to the bauxite, and also the relatlve decrease of
K,O in this direction."

In the chemical analyses, MgO is present in all samples

The normative mineral composition showed too great Bo percentages in
the analyses XII, XIII, XIV and XV. The mineralogical investigations
showed that boehmite was present in the samples of analyses XII and XIII
in quantities of about 1 %, whereas, boehmite was not found in the samples of
analyses XIV and XYV.

From the mineralogical investigation of the transition zone bauxite —
kaolin, it appears that chalcedony ocecurs locally, The X-ray investigation
showed that this chalcedony was not pure, but that kaolin occurred as a
contaminant, :

The chemical analysis *) is as follows:

ALO, 1637;  Si0,  7448; Fe,0,  2.37;
Ti0,  0.51; H,0 6.27.

From two drillhole-sections samples were analyzed every 50 centimetres.
They showed, downwards, the following SiO,-content:

Drill hole I*) Drill hole 1I*)
4.68 3.99 )

444 ; Bauxite 422 | Bauxite
3.55 712 |

31.18 19.56

45.20 } Transition zone 35.25 } Transition zone
45.43 40.09

36.50 2 37.23

38.97 39.27 .
39,33 Kaolin 35.42 Kaolin
40.33 26.10

In both drill-holes a SiO,-rich zone is shown under the bauxite.

*) Analyses, Laboratory N.V, Billiton Maatschappij Onverdacht, Suriname.
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4. Low-level type bauxite
Mineralogical investigation

In Chapter II, page 299 three sections were discussed which were
measured in three different mines at Mackenzie and Ituni (Demerara). From
top to bottom these sections consists of :

g. Sedimentary sands and clays.
f. Transition zone.

e. Bauxite-ferrite.

d.’ Transition zone.

¢. Residuary clay.

b. Weathering zone of bedrock.
a. Solid rock (granite).

a. The result of the examination of the thin sections of the drilling cores
of the solid rock of the three deposits, is the following:

Montgomery Mine (granite).

As primary minerals oeceur quartz, microcline, plagioclase (oligoclase)
and biotite. The quartz is somewhat kataclastic, the biotite is dark olive-
green to brown, and sometimes weathered slightly to pennine. The micro-
cline locally shows small amounts of kaolin; in the oligoclase oceur rather
large amounts of sericite, muscovite and kaolin. It is possible that primary
muscovite also occurs. In addition, apatite, ore and zircon are found.

The texture is holocrystalline, hypidiomorph, medium- to fine-grained
and the structure is ‘not orientated.

The rock is a granite, a fact which can also be deducted from the
chemical analysis (page 388). :

Maria Elisabeth Mine (quartz-diorite).

The primary minerals are quartz, oligoclase, biotite, epidote and Na-
potassium-feldspar. The quartz is kataclastic and sometimes somewhat
undulating; the albite shows alteration to much sericite, kaolin and some
epidote. Na-potassium-feldspar is largely altered to kaolin and sericite,
biotite shows alteration to chlorite. In addition, apatite, zircon, titanite and
ore are found.

The texture is holocrystalline, hypidiomorph, medium- to fine-grained;
the structure is not orientated.

The rock is a quartz-diorite, a fact which is corroborated by the chemiecal
analysis (page 340).

" A second drilling core from the bedrock in this mine was placed at
the disposal of the writer.

The primary minerals are green hornblende, Na-potassium-feldspar, epi-
dote, titanite, quartz and clinochlorite. The hornblende shows alteration to
chlorite. The eclinochlorite occurs in veinlets with limonite. The other
constituents are ore and limonite.

The texture is holoerystalline, hypidiomorph and of variable grain-size.
The minerals are slightly orientated and show flow structure. The rock is
a quartzitic epidote-alkali-syenite hornblendite. Probably the rock is from
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a lamprophyric dike or basic inclusion, which is also indicated by the
analysis (page 340),

Ttuni Mine (biotite-muscovite granite).

The primary minerals are microcline, quartz, plagioclase (oligoclase),
biotite and muscovite. In the microcline oceur myrmekite-like inclusions of
quartz. The plagioclase shows alteration to epidote, zoisite, sericite and
kaolin; as alteration produect of the generally olive-green biotite, pennine is
found. Additional constituents are apatite, zircon and ore.

The texture is holocrystalline, hypidiomorph and with a variable
grain-size. The structure is not orientated. The rock is a biotite-muscovite
granite; the chemical analysis is found on page 341,

b. Weathering zone of bedrock; no data are available, as the necessary
drilling cores were not at our disposal.

¢. Residuary cloy; X-ray and differential thermal analyses showed that
this eclay mainly consists of kaolinite. With the electron microscope a few
tubes of (meta)halloysite were found. In a few samples of kaolin (Montgomery
Mine and Ituni) sericite was found by X-.ray. The heavy mineral fraction
(bromoform, s.g. 2.90) contains hematite, goethite, rutile and zircon.

d. Transition zone kaolin—bauzxite. From the bottom to the top gibbsite
inereases and is found as small clear grains and also in the shape of cylindrical
concretions of erypto- to macrocrystalline gibbsite.

e. Bauxite-ferrite, The main constituent of the bauxite is gibbsite. In the
heavy fraction of the bauxites, boehmite was found by X-ray. This mineral
may be present in quantities of up to 2 %. The X-ray analysis also showed
that anatase is present. Here again the anatase must be present in the form
of yellow-brown aggregates which do not extinguish between crossed nicols.

The gibbsite is found mostly in micro- and eryptocrystalline form.

~ The small lenses of clay that occur in the bauxite consist of bauxite
clay, kaolinite and metahalloysite, according to the X-ray and electron
microsecope analyses.

The ferrites consist mainly of hematite and goethite. The hematite is
agam the dominant mineral and is magnetic. The goethite is chiefly present
in the limonite beds.

f. In the tronsition zone, to the bauxite occur stains in the kaolin. When
these stains have a pink colour and are partly indurated, they contain
gibbsite.

g. The sedimentary clays of the soil cover consist for a large part of
kaolinite, according to the X-ray and the differential thermal analyses.
Locally large quantities of quartz grains occur in these clays.

Chemical investigation

From the weathering section of the Montgomery Mine, four analyses
are available,

Analysis XVI: Solid rock, granite.
Analysis XVII: Autochthonous kaolin, The sample is taken about 1 metre



338

under the boundary bauxite — kaolin. X-ray investigation showed
kaolinite as the main component, whereas, a small quantity of sericite
also occurs.

Analysis XVIII: Micro- to eryptocrystalline gibbsite. X-ray showed along
with prinecipally gibbsite, small quantities of boehmite and anatase.

Analysis XIX: Kaolin, from a elay lens in the bauxite. X-ray investigation
showed the presence of sericite along with predominantly kaolinite,

Chemical analyses *, weathering section Montgomery Mine,.

XV *+ XVII XVIIT XIX

Si0, 72.57 43.47 1.42 42.11
Al,O, 14.46 39.83 63.00 40.36
Fe,0O, 1.24 0.25 1.19 0.40
FeO 0.90 trace 0.07 011
MnO 0.04 trace trace trace
MgO 0.29 0.49 0.38 0.35
Ca0 1.17 2.05 trace trace
Na,O 3.18 0.32 0.24 041
K,O 5.17 0.06 0.12 0.11
H,0+ 0.72 © 11.65 31.26 12.72
H,0— 0.05 0.25 0.07 1.17
TiO, 0.23 1.64 2.13 2.30
PO, 0.18 0.18 0.16 0.12

10020 100.19 100.04 100.16

Normative mineral compositions (mol. %).

Q 30.2 — — —

F 57.8 -_ —_ —
Ms I 4 Se 1.5 54 — 6.7
Bi 2.9 — —_ —
Ru 0.2 1.3 2.0 1.8
Hm 0.6 0.3 11 0.3
Mt 0.4 —_ —_ —_
Cp 04 0.4 — —
Kaol — 86.2 34 848
Gi —_ 35 83.8 5.7
Bo — —_ 8.0 —_—
Accessoria —_ : 2.9 1.7 0.7
100.— 100.— 100.— 100.—
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Nigglivalues.
XV ** XVII XVIII XIX
s 395.1 161 3.7 168
al 46 87 95 94.5
fm 12 4 4 3.5
c 7 8 —_ _
alk 35 1 1 2
ti 1 45 4.0 6.9
k 0.51 0.17 0.20 0.13
mg 0.20 075 - 0.40 0.60
Weathering values.
si ., fm ., ¢ ,alk ., ti
W = o =W gp =¢S5 =elk o =t
st/ 8.51 1.85 0.04 1.78
fm’ 0.25 0.04 0.04 0.04
¢ 0.15 0.09 — —
alk’ 0.75 0.01 0.01 0.02
ti 0.02 0.05 0.04 | 0.07
Na,0 . K.,0 .
ALO, X 100=NA ALO, X 100=KA
NA 35.2 1.3 1.8 0.7
KA 38.7 0.3 0.3 0.2

* Analyzed by Miss B, HAGEMAN, Petrochemical Laboratory, Leiden.
** Magmatype, Engadinitgranitisch (NieGLI, 1936).

The weathering values and the analyses show the desilification which
took place from the solid rock (analysis XVI) towards the autochthonous
kaolin (analysis XVII), whereas, at the same time a decrease is observed
for fm and alk. The weathering values show a relative decrease for ¢ and
an increase for ti. In the analyses and the weathering values one sees that
a further desilification took place- from the autochthonous kaolin towards
the bauxite (analysis XVIII). The weathering values showed, that ¢ appro-
ximately complete has disappeared. Relatively fm and alk did not change,
whereas, for ti a small decrease is indicated. The kaolin occurring as a
lens in the bauxite, shows a desilification towards the bauxite and a relative
decrease of alk and ti in this direction, whereas, fm relatively did not change.

From the values NA and KA, a relative increase appeared for Na,O
from the kaolin towards the bauxite, whereas, K,0 was not affected by
the weathering,

MgO is found in all analyses.

The normative mineral compositions generally coincide with the real
mineralogical compositions. The Bo-content of analysis XVIII (bauxite) is
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too high as compared with the results of the mineralogical investigation,
which showed a percentage of boehmite of approximately 1 %.

Chemical investigation

Four analyses are available from the weathering section in the Maria
Elisabeth Mine,
Analysis XX: Solid rock, quartz-diorite.
Analysis XXTI: Solid rock, quartzitie epidote-alkali-syenite hornblendite.

Analysis XXII: Autochthonous kaolin; the sample is taken about 1.5 metres
_under the bauxite — kaolin boundary. X-ray investigation showed pre-
dominantly kaolinite and a small quantity of gibbsite.

Analysis XXIII: Fine- grained bauxite. The X-ray pattern showed a small
quantity of boehmite and anatase along with principally gibbsite.

Chemical analyses *, weathering section Maria Elisabeth Mine.

XX #+ XX] #ee XXT1 XXTII1
Sio, 72.17 50.39 42,72 0.28
Al,0, 15.20 13.47 40.23 63.31
Fe,0, 1.39 4.69 0.30 0.46
FeO 1.12 5.97 0.30 trace
MnO 0.03 0.22 0.04 trace
MgO 1.20 7.56 0.20 0.06
CaO 2.92 10.28 1.89 trace
Na,O 3.56 1.16 0.14 0.40
K,0 1.26 2.47 0.10 0.24
H,0+ 0.74 2.02 11.43 31.30
H,0— 0.20 0.14 0.34 0.20
TiO, 0.26 1.21 2.56 3.49
PO, 0.18 0.20 0.18 0.18
. 100.23 99.78 100.43 99.92
Normative mineral compositions (mol. %).
Q 36.9 3.5 _— —
F 45.8 51.3 — —
MsI + Se 8.0 — 1.8 —
BiI 3.0 — —
Cord + Fe-cord 3.5 — —_ —_
P 0.7 38.8 — —
Ru 0.2 0.9 2.0 3.2
Mt 15 51 —_ —
Hm —_ — 0.2 0.5
Cp 04 04 — —
Kaol _ — 89.6 0.8
Gi — — 3.8 848
Bo — — — 9
Accessoria —_ —_— 2.6 1.7
100.— 100.— 100.— 100.—



341

Nigglivalues.

XX* | XXI** | XXII XXII1
si 359.3 120.9 159 08 -
al 445 19 - 885 97
fm 19 48 3 15
1 15.5 26.5 8 —
alk 21 6.5 ,1 15
t1 1.2 22 72 6.9
k 0.19 0.58 0.33 0.33
mg 0.47 0.56 0.36 0.25

‘Weathering values
si fm ., e  , alk PR S
- =8i’, » ST = fm’, ol —c,———al = lk al =i
si’ ' 8.07 6.32 180 0.01
fm’ 0.42 2.51 0.04 0.01
4 _ - 035 1.39 0.09 -
alk’ 0.47 0.34 0.01 0.01
ti’ 0.03 0.12 0.08 0.07
Na,0 K.,0 .
A0, X 100=NA ALO, X 100 =KA
NA 382 | 14 0.5 1
KA 9.1 20 0.3 0.5

*  Analyzed by Miss B. HAGEMAN, Petrochemical Laboratory, Leiden.
** Magmatype, Farsunditisch (NieeLI, 1936).
+#* Magmatype, normalgabbroid to hornblenditisch (NieeLi, 1936).

The weathering values and analyses of the solid rock (analyses XX and
XXI) show towards the residuary clay (analysis XXII) that desilification
took place, whereas, for fm, ¢ and alk also a decrease is observed. However,
the analyses show an increase of ti, it appears from the weathering values
that there is a relative decrease. Towards the bauxite the desilification
continued, whereas, the decrease of fm is apparent and alk and ti relatively
stay equal

From the analyses and the values NA and KA it appears that Na,O
as well as K,O showed an increase towards the bauxite.

The normative mineral compositions coincide with the results of the
mineralogical investigation, except for the Bo-content in the bauxite (ana-
lysis XXIII). From the mineralogical investigation the boehmite content
appeared to be approximately 2 %.

Chemical investigation

Three samples of the weathering section of the Ituni Mine were analyzed.
Analysis XXIV: Solid rock, biotite-muscovite granite.



342

Analysis XXV: Autochthonous kaolin; the sample is taken two metres
under the bauxite — kaolin boundary. The X-ray investigations showed
a small quantity of sericite and quartz along with predominantly kaolinite.

Analysis XXVI: Dense, homogeneous bauxite. The X-ray pattern denoted
that gibbsite is the principal component; small quantities of boehmite,
kaolinite and anatase are also observed.

Chemical analyses*, weathering section, Ituni (Demerara).

XXIV #+ XXV XXVI
Sio, ‘ 71.68 45.45 1.10
ALO, 14.97 36.63 62.50
Fe,0, 1.04 1.49 1.19
FeO : 0.90 trace trace
MnO - 0.04 trace trace
MgO 0.05 0.40 0.16
CaO 148 2.19 trace
Na,0 2.79 0.29 040
K, 0 5.53 0.06 - 0.10
H,0+ 0.91 13.15 31.27
H,0— 0.02 0.31 0.23
TiO, 0.21 0.48 - 2173
P,0, 0.18 0.14 0.14
99.80 100.59 99.82
Normative mineral compositions (mol. %).
Q 30.0 24 —
F 58.5 — —_
MsI+ Se 8.1 5.6 —
Bil 21 e —
Cp 0.4 04 —
Ru 02 0.1 2.6
Hm 0.7 12 1.1
Kaol — 87.4 2.8
Gi — — 87.0
Bo — — 5.5
Accessoria — 2.9 1.0
100.— 100.— 100.—
Nigglivalues.
si 391.5 175 2.8
al 48 83 96
fm 9 6.5 3
[ 9 9 —_
alk 34 15 1
ti 0.8 14 5.4
k 0.56 017 0.12

mg 0.03 0.36 029



343

Weathering values.

si ., fm , € , alk ti

_— = —_— —_— _— - =ty
al St —al f’, al ¢ al alkc’, al t
XXIV *+ XXV XXVI
si’ _ 8.12 2.11 0.03
fm’ A 0.18 0.08 0.03
¢ o 0.18 » 011 : —_
alk’ 0.71 0.02 0.01
ti’ : 0.02 0.02 0.06
Na,O K.,O0
_ =NA —— 100 =KA
ALO, X 100=N AL0, X ‘
NA ' 31.6 14 1.1
KA 40.1 0.3 0.2

* Analyzed by Miss B. HAGEMAN, Petrochemical Laboratory, Leiden.
** Magmatype, aplietgranitisch (NiecLi, 1936).

From the weathering values and the analyses of the solid rock (ana-
lysis XX1IV) towards the residuary clay (analysis XXV) a great desilification
is shown. A deecrease for fm and alk is observed, whereas, a relative decrease
is indicated for ¢. Relatively ti did not change,

. Towards the bauxite (analysis XXVI) the residuary clay shows an
advanced desilification. For fm and alk a decrease is indicated, ¢ has
disappeared completely. The analyses and the weathering values indicate
a concentration of ti.

MgO is found in all analyses.

From the residuary clay towards the bauxite an increase is shown for Na,0
as well as for K,0. From the values NA and KA it is apparent than in both
cases a relative decrease took place. The normative mineral compositions
are equal to the results of the mineralogical investigation, except for Bo
in analysis XXV (bauxite). The mineralogical investigation showed a boeh-
mite content of about 1 %.

D. SOME REMARKS ON THE DIFFERENTIAL THERMAL ANA-
LYSES '

In the differeéntial thermal analyses of the bauxite samples the double
endothermic peak (between 200° and 380° C.) for gibbsite was not always
observed. A number of curves from various bauxite samples are recorded
in fig. 65. The first ecurve deals with macroscopie coarsely erystalline, micros-
copically and rontgenographically pure gibbsite, note: there is no double
peak, but a second endothermie reaction is observed between 510° and 590° C.

The curves 2, 3 and 4 are concerned respectively with fine maecro-
crystalline, microerystalline and eryptocrystalline gibbsite. Kaolinite is
absent in all the samples. Sample 638 regitered in curve 4 contains about
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5 % boehmite. One observes in these four curves a lowering of the peak-
temperature with decreasing degree of crystallinity, in connection with this
the author refers to Arens (1951).

The last three curves were obtained from bauxite samples from three
different mines at Mackenzie (Demerara). The samples are miecro- to
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Fig, 65. Differential thermal analyses of bauxite samples, The curves 1, 2, 3 and 4
refer to bauxite samples with a progressive decreasing erystal size of gibbsite. The
curves 5, 6 and 7 have been obtained from bauxite samples (Demerara).

eryptocrystalline and contain small quantities of white elay in pores and
cracks, boehmite is present in these three samples in quantities no greater
than 1 to 2 %.

Fig. 66 contains differential thermal curves for five samples i.e.: four
ferrite and one limonite (goethite). The ferrites consist of hematite and
gibbsite, the gibbsite content in the curves 8, 9, 10 and 11 varies from
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less than 5% to approximately 20 %. The limonite sample (eurve 12)
consist entirely of goethite, as determined by X-ray. Because the ferrites
also generally contain goethite, with a peak-temperature between 320° and
420° C., the differential thermie method of analysis is not suitable for rapid
investigation of the purity of ferro-bauxitic and bauxo-ferritic materials

In this chapter under C, I have already dealt with the alteration
oceurring in mineralogical composition due to bleaching of the soil cover
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Fig. 66. Differential thermal analyses of ferrite samples. The curves 8, 9, 10 and 11
refer to ferrite, which consists of hematite and progressive increasing percentages
of gibbsite, Curve 12 is concerned with goethite.

clays (mainly illite) and in the transition zone between this clay and the
bauxite at Onverdacht. Differential thermal analyses gave a clear picture
of the percentage increase in metahalloysite in these illite clays and the
gradual increase in gibbsite, in clay consisting of metahalloysite. The four
curves, 13, 14, 15 and 16 in fig 67 are derived respectively from unbleached
illite clay, bleached clay containing not only illite but also metahalloysite,
clay consisting of metahalloysite and only a small amount of gibbsite, while
the last sample clearly demonstrates the increase. of gibbsite.
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F¥ig. 67. Differential thermal analyses showing the transition form Coropina clay (illite,
curves 13 and 14) via metahalloysite (curves 15 and 16) to gibbsite (Onverdacht).
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Fig. 68. Differential thermal analyses of kaolin samples showing the difference
in the intensity of the recrystallization peak between the sedimentary kaolin
(curves 17, 18 and 19) and autochthonous kaolin (curves 20 and 21).



Fig. 69. Electron micrograph of autochthonous kaolin (Montgomery Mine, Mackenzie).
%ome kaolinite flakes show resorption; besides kaolinite, spatulae of splitted (meta)-
halloysite are also seen.,
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In the analyses of kaolin clays there occurred a number of striking,
very intensive recrystallization peaks between 980° and 1040° C. (fig. 68).
In connection with this, a number of kaolin samples from Mackenzie showed
a noticeably stronger peak than those from the kaolin clays found at Moengo
and Onverdacht. It was determined, in the course of the fieldwork, that
the kaolin clays at Mackenzie were in situ weathering clays, in contrast
to the clays at Moengo and Onverdacht which were sedimentary. A possible
explanation to these very intensive recrystallization peaks, could be a better
degree of crystallization as well as greater granularity, In connection with
this, electron microscopic examination was carried out on these samples, the
result of which will be dealt with in this chapter, section E.

E. SOME REMARKS ON THE ELECTRON MICROSCOPICAL IN-
VESTIGATIONS .

It was not always possible with X-ray analyses to determine the presence
of metahalloysite when it occurs together with kaolinite, the differential
thermal method seemed likewise inadequate.

X-ray analyses of clays from the soil cover at’ Onverdacht was sometimes
similarly inconclusive.

I have already reported in this chapter under D the probable differences
between kaolin as an in situ oceurring weathering product and that occurring
as sedimentary clay.

In connection with this, a number of samples were electron mlcroscoplc-
ally examined with the followmg results.

From the electron miecroscopic investigation it appears that autochth-
onous kaolinite from the Montgomery Mine (Mackenzie, Demerara) occurs in
the form of clearly defined six-sided elongated flakes, varying in size between
0.4 and 3.7 u. Ragged edges occur occasionally, now and then resorption of
the flakes is observed. The average size of the flakes lies between 1 and 2 g,
one of the flakes is twinned. On the further not only kaolinite appears but
also some flakes of splitted (meta)halloysite (fig. 69).

Fig. 70 is another photograph of kaolinite occurring as an in situ
weathering product. The sample is derived from a kaolinized pegmatite in
the schists (Bonnidoro serie) on the Haman Hill (Moengo). The flakes
display the well-defined elongated six-sided form of kaolinite. One observes
resorption in some kaolinite flakes. Some flakes appear to be twinned.

The kaolinite occurring under the bauxite layer of Moengo and Onver-
dacht, respectively High-level and Medium-level type bauxite deposits, present
an entirely different picture. The sample in fig. 71 is derived from Onver-
dacht, note: the flakes are significantly less well-defined. The size of the
flakes runs between 0.1 and 2.5 u, the average size is about 0.5 p Some tubes
of metahalloysite appear in this sample.

Approximately the same was observed in the kaolin from Moengo. The
size of the flakes (whlch were generally ill-defined) lies between 0.1 and
2.5 p,-the average size is approximately 0.6 p (fig. 72).-

Thus one can see a number of differences between these two kaolin
clays. In the first place they differ according to granularity in that the
flakes of autochthonous kaolin are larger than those of the sedimentary
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kaolin. In the second place the flakes of the autochthonous kaolin are geo-
metrically bordered, those of the sedimentary clay are much more irregular.

Fig. 70. Electron micrograph of autochthonous kaolin (Haman Hill, Moengo).
In general, the kaolinite flakes show a well-defined habitus with the exception
of -several kaolinite flakes which show symptoms of resorption.

Fig. 71. Electron micrograph of sedimentary kaolin (Onverdacht). The kaolinite flakes
are smaller than those of the autochthonous kaolinite and have also ill-defined outlines.

On the basis of these differences I propose that the sedimentary clay, under-
lying the High-level and Medium-level type bauxites, is a sedimentary
kaolin and not a kaolinized sedimentary clay.
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Some ragged edges are bordered by erystalline faces as result of twinning
or parallel orientated erystalline aggregates, while others are explanable by
solution of the kaolinite.

In fig. 73 one can see an aggregate of kaolinite, which shows at several
places well-developed resorption symptoms. Solution of kaolinite is very
clearly seen in fig. 74, where among others a gap has arisen in the middle
of the flake and wherein also a erystalskeleton is present. Fig. 75 is a better
illustration of such a skeleton. Fig. 76 and 77 show aggregates with ragged
edges by erystal faces in fig. 78 a well-developed twinning of kaolinite is
recorded.

In the bleaching zone and transition zone of the soil cover into bauxite
at Onverdacht, the occurrence of illite, metahalloysite and gibbsite, is

Fig. 72. Electron micrograph of sedimentary kaolin (Ricanau Hill, Moengo).
The kaolinite flakes show ill-defined outlines and are smaller than the kaolinite
flakes seen at the samples of the autochthonous kaolinite.

differential thermically and rontgenographically observed. Fig. 79 portrays
an almost unbleached soil cover clay from Onverdacht, the illite makes
sometimes a cloudy impression, some flakes show a clear (if somewhat irre-
gular) border. In the sample one observes not only illite but also meta-
halloysite, one of the tubes appears to be splitted. The sample illustrated
in fig. 80 occurs deeper in the bleaching zone, about 2 metres above the
bauxite. One can see that the metahalloysite has increased, furthermore the
illite is occasionally very well-defined. Kaolinite is probably present, but
this can not be definitely determined.
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Fig. 73. Electron micrograph of an aggregate of kaolinite, showing symptoms of
resorption (Montgomery Mine, Mackenzie).
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Above the bauxite layer is a zone consisting almost completely of meta-
halloysite. Fig. 81 is made of a clay sample about 0.7 metre above the
bauxite, on the photo one can see clearly that the metahalloysite consists

Fig. 74. Electron micrograph of kaolinite (Haman Hill, Moengo). One of the flakes
show well-developed resorption symptoms, while a crystal skeleton .is also seen.

Fig. 75. Electron micrograph of a crystal skeleton
in the kaolin of Haman :-Hill (Moengo). X 3000.

of tubes which on' somé places are grown together with more or less round
patches. X.ray analyses only indicated the presence of metahalloysite and
gibbsite, therefore these patches could only consist of gibbsite. One gains
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Fig. 76. Electron micrograph of an aggregate of kaolinite (Nassaugebergte).
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Fig. 77. Eleetron micrograph of an aggregate of kaolinite showing ragged
edges caused by crystals faces, (Maria Elisabeth Mine, Mackenzie).

Fig. 78. Electron micrograph of a kaolinite twin (Haman Hill, Moengo).
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the impression that these patches grow at the cost of the metahalloysite.

- In investigating the composition of the clay enclosures in the bauxite,
three minerals were expected namely: gibbsite, metahalloysite and kaolinite.

Fig. 79. Electron micrograph of illite (soil cover clay, Coropina formation; Onverdacht).
Next to illite, metahalloysite can be observed.

Kaolinite and metahalloysite are known, however a comparative photograph
had to be made of gibbsite, for which a réntgenographically pure sample
of bauxite clay was used. . .

Gibbsite occurs as six-sided flakes 0.1 to 0.3 u large, which frequently
appear more or less rounded (fig. 82). Fig. 83 is a photograph of a eclay
enclosure in bauxite, one sees gibbsite, metahalloysite and kaolinite.
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Fig. 80. Electron micrograph of a sumple of bleached soil cover clay (Coropina formation,
Onverdacht), showing illite and metahalloysite.
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Fig. 81. Llectron micrograph of the transition zone soil cover clay — bauxite showing
metahalloysite and gibbsite, (Coropina formation, Onverdacht), -
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Fig. 82. Eleetron mierograph of bauxite clay consisting of gibbsite next to small
quantities of kaolinite and metahalloysite, (Onverdacht).
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Fig. 83. Electron micrograph of a clay enclosure in bauxite (Onverdacht),
showing kaolinite, metahalloysite and gibbsite.
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Fig., 84. Electron micrograph of chlorite (weathering zone of bedrock; Nassaugebergte).

Fig. 85. Electron micrograph of macroscopically needle-shaped goethite
(Kleinthal by Piirstein, Bohemen).
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Chlorite is an important constituent of the weathered bedrock (Nassau-
gebergte), only rarely were clear electron micrographs obtained. In general,
irregular shapes are observed which usually show very ragged edges, only
occasgionally well-defined flakes are found. Fig. 84 is an electron micrograph
of & well-defined chlorite flake.

Investigating these samples one must bear in mind the oceurrence of

Fig. 86. Electron micrograph of limonite which, according to X-ray analyses,
consists of goethite (Onverdacht).

Fe-hydroxides. Two photographs were made, one of a sample of needle-
shaped .goethite, while the other was a very fine-grained limonite present
in a bank at Onverdacht. Both samples displayed the same X-ray pattern
(goethite), however that of the limonite was somewhat less intensive. The
maeroscopically needle-shaped goethite appeared to be electron microscopically
also needle-shaped (fig. 85), on the other hand the limonite appeared in a
finely granular form, the boundaries of which are very irregular (fig. 86).

F. SOME REMARKS ON THE RESULTS OF THE MINERALOGICAL
AND CHEMICAL INVESTIGATIONS

Mineralogical investigation

The number of newly formed minerals in the weathering zones of the
different seetions is limited. The chief mineralogical components are kaolinite,
metahalloysite, chlorite, gibbsite, boehmite, hematite, goethite and anatase.

It appears that in all cases the layer of clay under the bauxite is built
up mainly of kaolinite, Metahalloysite occurs in very small .quantities.

The basic rocks did not kaolinize right away in the weathering section
of the Plateau type but kaolinization was preceded by chloritization.
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It could not be determined in the field whether the kaolin underlying
the bauxite of High- and Medium-level type was a kaolinized sedimentary
clay or sedimentary kaolin, However, electron microscopical analyses indie-
ated the latter.

The main ecomponent of the bauxites is gibbsite. The following list of
bauxites is arranged according to inereasing size of gibbsite erystals:

Average crystal size

1. Plateau type bauxite ........ eryptoerystalline

2. Low-level type bauxite ...... crypto- to mieroerystalline

3. High-level type bauxite ..... microcrystalline to fine-grained
(< 1 mm)

4. Medium-level type bauxite . microcrystalline to middle-grained
: (> 1 mm, < 5 mm).

Boehmite is generally found in very small quantities in all bauxites.
Only in Plateau type bauxites, boehmite can reach as much as 10 %. The
boehmite content decreases from Plateau type bauxite, Low-level type
bauxite, High-level- to Medium-level type bauxite. The boehmite content
of the latter two types is about equal, however, some baux1te samples of
Medium-level type did not contain boehmite.

It is evident that the decrease ’u boehmite content parallels an increase
of crystal size in the samples. In the Low-level and Medium-level and High-
level type deposits a decreasing boehmite content is observed, whereas, in
the field investigation it was proven that these deposits are increasingly
younger in the same sequence. Consequently a connection is evident between
the boehmite formation and the age of the deposits, a connection already
suggested by Harprer (1949).

It is possible to determine the relative age of the different deposits
mineralogically. From old to young are distinguished (decreasing boehmite
content and inereasing crystal size of gibbsite):

1. Plateau type bauxite.

2. Low-level type bauxite,

3. High-level type bauxite.

4. Medium-level type bauxite.

It may be remarked that a econsiderable difference in boehmite content
exists between Platean type and Low-level type, which percentages are
maximally 10 % and 2 % respectively. Accordingly it is doubtful that both
types originated in the same peneplain period. It may be accepted that
Plateau type bauxites are considerably nlder than Low-level type bauxites,
as was also indicated by field data.

There is only a relatively small difference in boehmite content between
Low-level and High-level type bauxites, maximally 2 % and 1 % respectively.
A difference in age has already been established by the field investigations.

The difference in boehmite content between the High-level and Medium-
level type bduxites is very small, the percentage boehmite for both deposits
runs maximally to about 2 %. Boehmite is sometimes totally absent in bauxite
of the Medium-level type.

In Chapter II is indicated with field data that both types have been
part of the same bauxitized alluvial plain. Loecally, very intensive bauxiti-
zation at Onverdacht of clays belonging to the Coropina and Demerara
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formation causes the presence of sub-reecent to recent bauxite, lacking
hoehmite, in the Medium-level type.

It was observed that gibbsite is found covering walls of cavities and
eracks: the orientation of gibbsite ecrystals, with their longitudinal axes
(erystallographic b-axis) perpendicular to the walls, makes erystallization
from solution probable. Only a few times, walls in cellular bauxite were
found consisting of alternating thin layers of gibbsite and kaolinite, on the
outside of which not gibbsite, but kaolinite was precipitated. In these cases
either resilification or erystallization of kaolinite took place. These obser-
vations are closely connected with the formation of bauxite. Consequently the
investigation of the transition zone is very important. In the transition zones
of kaolin into bauxite in the High-level and Medium-level type deposits it
was observed that quartz grains dissolve and generally disappeared near
the top of this zone. Locally in this zone chaleedony was encountered as
small cylindrical concretions, which proves that part of the dissolved quartz
has precipitated from the solutlons

Chemical analyses also indicated that, in a cireca 1 metre thick zone
under the bauxite, Si0,-content is higher than in the underlying kaolin. It
is noteworthy that part of this SiO,-rich zone covers the transition zone
kaolin — bauxite, in which bauxitization takes place. In the transition zone
of the Low-level type bauxite, the eleetron microscopieal investigation shows
the dissolving of kaolinite flakes. The same was observed in kaolinite flakes
of an autochthonous kaolin clay at Haman IIill. The dissolving of kaolinite
was encountered but the ill-defined habitus of the kaolinite flakes made
observations difficult in the transition zones bauxite — kaolin of the High-
and Medium-level type bauxite. ]

Illite appeared to be the principal clay mineral encountered, in investi-
gating the soil cover clays (Coropina formation) of the bauxite at Onverdacht.
Bleaching of these clays caused the formation of metahalloysite.

The rations 8i0,/Al,0, for illite and metahalloysite are 3.36 to 3.44
(BROWN 1952) and 1. 80 to 2.06 (bRINDLrY 1952) respectively, so desilification
is evident.

Metahalloys1te shows alteration in gibbsite, as was observed electron
microscopically.

In all bauxite samples which were investigated, anatase was found as
TiO,-bearing mineral. Rutile was found, in only one case, in the clay core
of a bauxitic egg.

The components of the ferrites are mainly hematite (magnetic) and

goethite. Hematite is the principal component and is an alteration product
of goethite,

Chemical investigation

In the chemical analyses, and weathering values (in which al is con-
sidered constant) the following is observed:

ALO,;: In the analyses a great increase takes place, but in eal-
- culating the weathering values it is considered eonstant.
8i0,: A great decrease takes place towards the bauxite. As is

shown by the weathering values of the weathering section
of the Nassaugebergte, the desﬂlfleatlon begins rather
rapidly. ‘
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Fe,0,: The analyses and weathering values indicate an increase
of Fe,0, in the first zone of the weathered bedrock (Nas-
saugebergte). However, it is possible that the increase in

" this zone is secondary. Great concentrations of Fe,O, are
found in places where the bauxite is covered with a
ferrite-cap.

FeO and MnO: A rapid decrease is shown in the weathering seection
towards the bauxite.

MgO: It is influenced by the weathermg process but in all ana-
lyses it is observed in small quantities.
Ca0: Towards the kaolin and bauxite, a rapid decrease is shown.

Na,0 and K,0: From the solid rock towards the kaolin, they show a great
decrease. From the kaolin towards the bauxite the ten-
dency is observed for Na,0 to increase, this is in
contrast to K,0 which usually shows a further decrease.
It must be mentioned, however, that the analyzed per-
centages of Na,0 and K,O are very low.

TiO,: Usually it is not influenced much by the weathering pro-
cess. In the bauxite a decrease or increase is sometimes
observed.

P,0;: o Very small quantities are found in most analyses.

In the first stage of the weathering process it was observed that from
the material which was subject to bauxitization, a decrease of CaO took
place towards the bauxite, and simultaneously an intensive decrease was also
seen for Na,0 and K,O. The second stage shows an intensive desilification.
In the cases in which the bauxite was not covered with sedimentary eclay
a great concentration of Fe,O, takes place, which causes the formation of
ferrite.

The norm calculations are generally equal to the results of the minera-
logical investigation. In many cases the norm of the bauxite samples con-
stitutes an exception, as practically all show too high a percentage of
boehmite. This may possibly be explained by variations in H,O content
(without changing the structure) in the gibbsite formule Al O, 3 H,O.

It is remarkable that the greatest differences were found in the normative
mineral eompositions of samples of the Medium-level type, which represents
the youngest of the three main periods of bauxitization, and where the
growth of the bauxite layer with sub-recent to recent baux1te took place
most intensively.



CHAPTER IV

SOME NOTES ON THE AGE AND FORMATION OF THE
BAUXITE DEPOSITS

Bauxite in Suriname can be roughly divided into two types. The first
type, fossil bauxite, has been formed during three main stages of bauxiti-
zation. The second type is sub-recent to recent bauxite. After each main
phase the intensity of bauxitization decreased, but the process is still
continuing.

It appeared from field investigations that the fossil bauxites were part
of a peneplain and an alluvial plain. The bauxite deposits of the Plateau
type and the Low-level type are formed during a peneplain period, whereas,
the deposits of the High-level type and Medium-level type are the remnants
of an old bauxitized alluvial plain. .

Fox (1932) mentioned the conditions for the formation of laterites,
which included bauxite. These conditions can be described as follows:

a. A tropical to sub-tropical climate with alternating dry and rainy
seasons. '
b. A weakly mchnmg surface topography, which is not sub,]ect to
- considerable erosion.
c¢. Rocks with a suitable chemical composition and a structure allowing
for penetration of atmospheric water.
d. A long period of contact of the rocks with the infiltrated water.

The Plateau type bauxite, Low-level type bauxite, High-level type and
Medium-level type bauxite eertainly fit the conditions as mentioned by Fox.
A relative sequence of age of the fossil bauxite could be determined
on mineralogical grounds. From old to young this sequence is as follows:

1. Plateau type bauxite.
2. Low-level type bauxite.
3. High-level type bauxite and Medium-level type bauxite.

The soil cover of the Low-level type bauxite is of Miocene to Pliocene
age. The fossil bauxites in this ease have to be at least Pre-Miocene. Quite
probably bauxitization still took place in the Tertiary as it is doubtful
whether large quantities of bauxite of this type as they are found in
Demerara, would not have disappeared by erosion.

The s011 cover clays (Coropina formation) of the Medium-level type
bauxite have a thickness of about 30 metres north of Onverdacht. During
the formation of this bauxite the sea-level must have been considerable lower
than at present. In conneection herewith a Pleistocene age is probable, which
hypothesis is supported by a C-14 determination of age of a charcoal en-
countered in the laminated bauxite at Onverdacht. The age of the sample
is probably older than 10.000-years, although it must be borne in mind that
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relatively little material was available. In the field investigation it was
proved that High-level type bauxite and Medium-level type bauxite were
part of the same alluvial plain, so that also for this type of bauxite a
Pleistocene age becomes probable. The determination of the age of bauxites
of the Plateau type can only be done relatively, on mineralogical grounds.
It will be found that there is a great difference in boehmite content of the
Plateau type bauxite and the Low-level type bauxite, which amount to about
10 and 2 % respectively. The difference in boehmite content between Low-
level type bauxite (maximally 2 %) and the High-level type and Medium-
level type bauxite (maximally 1%) is very small. Based on the relatively
high boehmite content of the Plateau type bauxite, the age may be estimated
as Pre-Tertiary.

The three main stages of bauxitization are chronologically as follows:

1. Pre-Tertiary .....cccevvvenvvenvnennnn. Plateaun type bauxite
2. Middle- to Lower-Tertiary ...... Low-level type bauxite
3. DPleistocene .....ccceeeniecricinnnnnnnnn. High-level type and Medium-level

‘type bauxite.

In all deposits a layer of kaolin is found under the bauxite. Under the
Platean type and Low-level type bauxite this layer is an autochthonous
weathering produet of solid rock, whereas, under High-level and Medium-
level type bauxite a sedimentary kaolin is found. This sedimentary kaolin
is situated on top of kaolinized schists of the Bonnidoro serie, sometimes
separated by a sand layer. The heavy mineral fraction of the sedimentary
kaolin shows a strong resemblance with the heavy mineral fraction of these
kaolinized schists. Consequently it is suspected that the sedimentary kaolin
has been derived from these kaolinized schists, which also was supposed by
TER MFEULEN (1949). The kaolinization of these schists must have taken place
before the sedimentation of the partly bauxitized sedimentary kaolin. Because
during this bauxitization, kaolinization took place (a kaolinization which is
still eontinued as was observed at Onverdacht in the Coropina clay), this
autochthonous kaolin is indicated as fossil autochthonous kaolin.

It is not certain if there was one great period of kaolinization of the
schists at Moengo and the bedrock found in the weathering sections of the
Plateau type and Low-level type. It is striking that the kaolinization of
the basiec rock in the weathering section of the Plateau type takes place
via chloritization. ,

A primary and secondary bauxite can be distinguished in the older as
well as in the younger bauxites.

Primary bauxite. In the transition zone kaolin — bauxite it has been
observed electron microcopically that kaolin is subject to dissolving. In this
zone gibbsite increases from bottom to top and generally occurs as clear
macro- to microerystalline grains, sometimes enclosing kaolin. When gibbsite
crystals cover the walls of pores and cavities, the longitudinal axes (erystal-
lographie b-axis) of these crystals are arranged perpendicular to these walls.
This arrangement indicates erystallization from solutions. Next to -gibbsite,
chalcedony was found in the transition zone, whereas, chemical analyses
showed a higher SiO,-content in this zone compared with the underlying
kaolin.

Gibbsite probably originates from groundwater in which kaolin has
previously been dissolved, The surroundings in which solution of kaolin
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and precipitation of gibbsite takes place bear a great influence on this
process. From data published by Correns (1949) it appears that solution
of kaolin can take place in surroundings with a pH higher than 5 whereas,
ALO, can precipitate as Al-hydroxides in a pH-range from 4 to 8. From a
diagram for solubility of SiO, as constructed by Correns, it appears that
this solubility increases with an increasing pH. When solution of kaolin takes
place . (pH higher than 5) a pH is reached where precipitation of Al-hydro-
xides is possible, whereas at the same time solubility of SiO, has increased
and transportation of the silica with the groundwater has become possible.
- In Suriname at Onverdacht where the transition zone kaolin — bauxite
is located under the groundwater level, a pH of 4.7 was measured in a
sample taken in the dry season, of water streaming from the base of the
bauxite layer (Analysis by Landbouw Proefstation, Paramaribo). At this
location the base of the bauxite was situated about 16 metres below the
surface. In the rainy season this pH will increase so that conditions for
bauxitization beecome more favourable. In this way, alternately favourable
and less favourable conditions occur for bauxitization. :

At Onverdacht it was observed that lamellae of cellular bauxite may
consist or alternating layers of gibbsite and kaolin. In some cases the outer
layer was formed by kaolin which probably represents the possibility that
formation of kaolin takes place under favourable conditions (pH 4 to 5).
It appears from field data that this formation of kaolin is restricted. The
formation of gibbsite predominates.

Sometimes conditions will be favourable for the precipitation of silica
from solutions which is proved by the occurrence of chalcedony in the
transition zone. The transport of silica with groundwater is evident among
others from investigations by Harrrson (1933) and Coorer (1936).

Recent bauxitization has been observed very clearly at Onverdacht
where besides Coropina clays, sub-recent to recent swamp clays are subject
to bauxitization. The principal clay-mineral in these clays is illite. As
described in the sections of Onverdacht (Chapter II, p. 289) an inereasingly
intensive bleaching takes place in these clays from top to bottom. From
mineralogical investigation it appears that, with more intensive bleaching,
metahalloysite is formed, whereas, quartz grains show more and more
indications of solution. Electron mieroscopical investigation indicates that
metahalloysite shows alteration into gibbsite. pH-measurements were done in
this section, with a Helligen field-pH-meter (colourscale) on several locations
in the dry season. These pH-measurements were found to range from about
5.5 to 7. This indicates that conditions for formation of gibbsite in the
transition zone soil ecover — bauxite are more favourable than in the transition
zone kaolin — bauxite, which probably also explains the greater thickness of
the former,

It is very remarkable that in the cases where the soil cover clays lie
directly on kaolin, no bauxitization takes place. At the most, some bleaching
will oceur. Consequently, a catalytic influence of the bauxite layer on the
bauxitization process is suspected. The decreasing intensity of the bleaching
from the bauxite layer to the surface supports this hypothesis. _

It was already mentioned in Chapter II, p. 269 that swamps have a
tendency to influence bauxitization when they are located not to far above
the bauxite. In this case it was observed that the top of the bauxite bulges
upward. The low pH of the swamp water will undoubtedly cause a fast
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kaolinization of the illite clay, (which means desilification with regard to
illite). In the dry season, a pH of 3.5 was measured in a sample of swamp-
water from a swamp near Onverdacht (Analysis Landbouw Proefstation,
Paramaribo).

In the transition zone gibbsite is present in mostly macrocrystalline
form. In these zones and also in bauxite samples which are undoubtedly
sub-recent to recent, gibbsite was found as only Al-hydroxide.

Secondary bauxite may comprise fossil as well as younger material. The
formation of secondary bauxite was very clearly observed on the Nassau-
gebergte, where it appeared that bauxite was restricted to the lower parts
of the surface where swamps were found. The bauxite, found in these
locations is almost entirely white-coloured. On the higher parts in this
region, ferrites are often found with a high Fe,0,-content. Between these
two extremes, a material is encountered consisting of a white core surrounded
by ferrite on dry ground, whereas, in swampy and soggy parts of the region,
material is found consisting of a ferritiec core surrounded by white bauxite.

Under reducing conditions trivalent iron is altered into bivalent iron
in the swamps. Iron as a hydroxide is very mobile. Prescorr and PExpLETON
(1952) observed that bivalent iron hydroxides are not precipitated when
oxygen is absent from solutions with a pH lower than 8.1. The iron is
transported in this way and will precipitate as soon as it reaches oxydising
surroundings. Alteration of the hydroxides into Fe,0, is possible at the
surface, (CorrEns, 1949) which explains the great quantities of hematite
encountered in the bauxite-ferritecaps of the bauxite deposits.

Crousert (1952) investigated the bacteriological influence on deferritization.
By experiments he proved that bleaching (deferritization) is possible and
may be of greater importance than suspected.



ABSTRACT

On the basis of the morphology -and stratigraphic positions, the bauxite
deposits in Suriname and Demerara (British Guiana) were divided into
four main groups, namely: 1. Plateau type bauxite, 2. High-level type bau-
xite, 3. Medium-level type bauxite, 4. Low-level type bauxite.

The age of these deposits is as follows:

Plateau type bauxite .......c.covviiinriinniniececnes Pre-Tertiary )
Low-level type bauxite .......ccccovocrereivnircnnnen. Middle- to Lower-Tertiary
High-level and Medium-level type bauxite .... Pleistocene

These three main periods of bauxitization have led to the formation of
fossil bauxite. After these main periods the bauxitization process, however,
has not come to a standstill. It continues even at the present time, although
less intensively, so that young, sub-recent to recent bauxite is also found.

In all bauxite deposits a layer of kaolin underlies the bauxite. In the
case of the Plateau type and the Low-level type this kaolin has been derived
from solid roek. The kaolin situated below the bauxite of High-level and
Medium-level type, is a sedimentary kaolin. .

In the transition zone between the kaolin and the bauxite, resorption
of kaolinite and ecrystallization of gibbsite is observed.

The growth of the bauxite, at the expense of the soil cover clays has
been well observed at Onverdacht, where Coropina clay and sub-recent to
recent swamp clays (which clays mainly consists of illite) are subject to
recent bauxitization after a preceding kaolinization. One ean observe the
same bauxitization in the transition zone of the bauxite and the soil ecover
at Mackenzie (Demerara), where this process also takes place in the kaolin
clay of the Zanderjj formation. '

The chief mineral of the bauxite is gibbsite. Boehmite is also found but
in small quantities varying with the age of the type of deposit.

The main constituent of the ferrite is hematite, which is an alteration
product of goethite. Goethite is found to a much smaller extent. :

It is not probable that unknown bauxite deposits of the Plateau type
and High-level type still exists in Suriname. This is in contrast to the
Mediu-level type deposits. All of these deposits have most probably not yet
been found. Low-level type bauxite is only seen in Demerara. There are
indications, in the form of large and small boulders of bauxite and ferrite
in the Zanderjj formation, which leads us to believe that this type also
oceurs in Suriname.



SAMENVATTING

De belangrijke bauxietafzettingen in Suriname bevinden zich in de
kustvlakte, waar zij worden aangetroffen als verweringsresidu van kleien
van de Zanderij-formatie, al of niet bedekt door materiaal uit de Coropina-
formatie. In het binnenland treft men eveneens bauxiet aan en wel als
verweringskappen van plateaugebergten bestaande uit basische gesteenten.
De bauxiet in Demerara (British Guiana) wordt gevonden in een ongeveer
7Z.0.—N.W. verlopende strook van Kwakwani aan de Berbice rivier naar de
monding van de Essequibo rivier.

Op grond van hun morphologie en stratigrafische ligging kunnen in de
bauxietafzettingen een viertal typen onderscheiden worden:

1. Plateau-type bauriet vindt men als in situ liggende verweringskappen
van basische gesteenten op plateaugebergten, die in hoogte variéren
van 300 tot 700 meter; voorbeelden hiervan zijn de bauxietafzettingen
op het Nassaugebergte, het Lelygebergte en de Wana Wiero Hills.

2. High-level-type bauxiet komt voor als in situ liggende verwerings-
kappen van sedimentaire kaolien over heuvels met platte toppen,
die in hoogte variéren van 30 tot 60 meter. Voorbeelden hiervan
vindt men te Moengo en te Paranam.

3. Medium-level-type bauxiet komt voor in een laag, die gedeeltelijk het
verweringsresidu is van de onderliggende kaolien (Zanderij-formatie)
en gedeeltelijk van de deklaag-kleien (Coropina-formatie); een voor-
beeld hiervan wordt aangetroffen te Onverdacht.

4. Low-level-type bauziet wordt gevonden in een laag, waarvan het onder-
gedeelte het in situ liggende verweringsproduct is van vaste ge-
steenten (o0.a. graniet), terwijl het bovengedeelte gevormd wordt
door het verweringsresidu van sedimentaire kleien van de deklaag
(Zanderij-formatie) ; de bauxietafzettingen te Mackenzie (Demerara)
zijn hiervan een duidelijk voorbeeld.

De ligging van de verschillende type van voorkomen ten opzichte van
elkaar is weergegeven in fig. 55.

In het veld zijn aanwijzingen gevonden dat de Plateau-type bauxiet
en de Low-level-type bauxiet deel uit hebben gemaakt van een peneplain.
Het is echter niet waarschijnlijk dat beide typen deel uitmaken van hetzelfde
peneplain hetgeen o.a. volgt uit de relatieve ouderdom van de afzettingen,
welke bepaald werd op mineralogische gronden. Zoals blijkt uit het profiel
door de Onoribo Hill (fig. 29), zijn de bauxictafzettingen van het High-
level-type zowel als die van het Medium-level-type, restanten van een oude
gebauxitiseerde alluviale vlakte.

Uit de veldgegevens is gebleken dat twee soorten bauxiet voorkomen.

De eerste soort is een fossiele bauxiet, gevormd in drie hoofdperioden
van bauxitisatie. Op grond van de veldgegevens en het mineralogisch onder-
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zoek (bij toenemende ouderdom ‘een toenemend boehmiet-gehalte en een
afnemende kristalgrootte van de gibsiet) konden de drie hoofdperioden in
de volgende chronologische volgorde worden geplaatst:

1. Pre-Tertiair .......ceeveviiivinnn.ns Plateau-type bauxiet
2. Midden- tot Onder-Tertiair ..... Low-level-type bauxiet
3. Pleistoceen .......ovevvviireninininennn. High-level-type bauxiet en Medium-

level-type bauxiet.

De laatste ouderdomsbepaling wordt gesteund door de resultaten van

het C-14 onderzoek.

~ " De tweede soort bauxiet is jonger dan de drie fossiele soorten, daar na
de bovengenoemde hoofdperioden de bauxitisatie niet geheel tot stilstand is
gekomen, maar zich — zij het op minder intensieve wijze — tot op de
huidige dag heeft voortgezet. In het laatste geval kunnen we dus spreken
van sub-recente tot recente bauxiet.

In de verweringsprofielen neemt men waar, dat de bauxiet in alle
afzettingen ligt op een pakket kaolien-klei, die in de gevallen van Plateau-
type en Low-level-type een residuair karakter draagt, terwijl electronen-
microscopisch kon worden vastgesteld dat men bij de High-level en Medium-
level-type bauxiet te maken heeft met een sedimentaire kaolien.

De sedimentaire kaolien vertoont in zware fractie een zeer grote over-
eenkomst met de zich onder deze kaolien bevindende gekaoliniseerde schisten,
zoals die worden aangetroffen in Moengo en ten zuiden van Onverdacht en
Paranam, De kaolinisatie van het grondgebergte moet hier dus hebben plaats-
gevonden voor de afzetting van de sedimentaire kaolien. In verband daarmee
wordt in deze gevallen dan ook gesproken van een fossiele autochthone
kaolien ter onderscheiding van jongere kaolien, die tijdens de zich voort-
zettende ‘bauxitisatie gevormd wordt, zoals dit o.a. is waargenomen te
Onverdacht. Het kaolinisatie-proces bleek zich hier af te spelen in de dek-
laag die gevormd wordt door kleien uit de Coropina-formatie en sub-recente
tot recente zwamp-kleien. )

In alle gevallen bevindt zich tussen de kaolien en de bauxiet een
overgangszone waarin, zoals electronen-microscopisch is aangetoond, oplossing
van de overwegend uit kaoliniet bestaande klei plaatsvindt, aan welke op-
lossing eveneens de daar aanwezige kwartskorrels onderhevig zijn. Tevens
vindt in deze zone uitkristallisatie van gibsiet plaats. Ook werd in de
overgangszone chalcedoon aangetroffen, terwijl uit chemische analyses blijkt,
dat hier plaatselijk een hoger 8i0,-gehalte voorkomt dan in de onderliggende
kaolien.

Bij het ontstaan van de bauxiet in deze zone wordt gedacht aan op-
lossingen met een wisselende pH afhankelijk van de seizoenen (droge tijden
en regentijden), waarbij een afwisseling van gunstige en minder gunstige
perioden optreedt voor respectievelijk het oplossen van kaoliniet en het
nitkristalliseren van gibsiet, en omgekeerd.

De recente bauxitisatie werd — zoals reeds vermeld — zeer mooi waar-
genomen te Onverdacht, waar de kleien van de deklaag (Coropina-formatie
en sub-recente tot recente zwamp-kleien) aan bauxitisatie onderhevig zijn.

Bij het mineralogisch onderzoek bleek, dat deze klei waarvan het klei-
mineraal illiet is, bjj de in het veld waargenomen naar beneden toe sterk
toenemende bleking, een overgang vertoont in metahalloysiet. Bij het
electronen-microscopisch onderzoek van de metahalloysiet kregen wij de
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indruk, dat deze zich in de overgangszone (in dit geval van de deklaag in
de bauxiet) omzet in gibsiet.

Het ontbreken van bauxiet op plaatsen waar de Coropina-formatie
direct rust op de kaolien van de Zanderij-formatie en tevens het ontbreken
van bauxiet daar, waar de kaolien van de Zanderij-formatie direct rust op
het gekaohmseerde gesteente, doet een katalytische mvloed van de bauxiet-
laag op de recente bauxitisatie vermoeden.

In de gevallen van de Plateau-type bauxiet en de High-level-type bauxiet
bevindt zich op de bauxiet een ferrietkap. De ferriet bestaat hoofdzakelijk
uit hematiet en goethiet, waarbij opgemerkt moet worden dat de hematiet,
die magnetisch bleek te zijn, hier een omzettingsproduct is van goethiet.

In de verweringskappen van het Nassaugebergte en in die van de heuvels
te Moengo en te Paranam blijkt de bauxiet-ferriet vaak onderhevig te zijn
aan een sterk op karst gelijkende verwermg, tengevolge waarvan soms
grotten ontstaan.

Tot slot zij opgemerkt, dat het niet waarschijnlijk is, dat zich in Suriname
nog onbekende bauxietafzettingen bevinden van het Plateau-type en het
High-level-type. Anders is dit echter, waar het bauxietafzettingen betreft
van het Medium- en Low-level-type. Het is geenszins uitgesloten dat zich
thans nog niet bekende afzettingen van het Medium-level-type bevinden in
de kustvlakte voorzover die' wordt gevormd door de Coropina-formatie.
Low-level-type bauxiet is in Suriname nog niet aangetroffen, het werd tot
op heden slechts gevonden te Demerara. De aanwezigheid van grote en
kleine blokken bauxiet en ferriet in de Zanderij-formatie in Suriname
rechtvaardigt echter het vermoeden, dat ook de Low-level-type bauxiet
vertegenwoordigd is.



REFERENCES

AureN, V. T., 1952 — Petrographic relations in some typical bauxite and diaspore depomts,
Bull. Geol. Soc. Am., vol. 63, p. 649—688.

Alphabetical and Grouped Numerical Index of X-ray Diffraction Data, including the fifth

. set of cards. 1954 — American Society for Testing Materials, Philadelphia.

Annual Report of the Geological Survey, Paramaribo, 1953 — 1le Jrg., part 1 and 2,
Paramaribo, 1954.

ARENS, P. L., 1951 — A study on the differential thermal amalysis of clays and clays minerals.
Proefsc.hnft Wazgemmgen.

BAKKER, J. P,, KmL , Miitzzr, H. J., 1953 — Bauxite and sedimentation phases in the
northern part of Surmam (Netherlands Guiana), Geologie & Mijjnbouw, Nwe Serie,
15e Jrg., No. 6, p. 215—226.

Bares, T. F,, Hnm:nm:m) F. A, SwINEFORD, A., 1950 — Morphology and structare of
endelhte and 'ha.lloymte, Am, Mmeralogxst, vol 35, p. 463—485.

Beck, C. W, 1950 — An amplifier for differential thermeal analysis, Am. Mineralogist,
vol. 35, p. 508—525.

BLEYS, C., 1953 — Enkele aantekeningen over Surinaamse ferriet-kappen en hun waterafvoer,
Geologie & Mijnbouw, Nwe Serie, 15¢ Jrg., No. 6, p. 1756—179.

BorzeN, F. W,, 1954 — Enige aspecten van de ontwikkeling der aluminium-industrie in de
eerste halve eeuw van haar bestaan. Proefschrift, Rotterdam.

BRACEWELL, 8., 1947 — The Geology and mineral resources of British Guiana, Bull. of the
Imp. Inst.,, vol. XLI, No. 1, p. 47—69.

BranpLEY, G. W., RoBNsoN, K., 1946 — Kaolinite, Mineral. Mag., vol. 27, p. 242253,

BRINDLEY, G. W., GOODYEAR, J., 1948 — Dehydration of halloysite in relation to humidity,
Mineral. Mag., vol. 28, p. 407—422,

BRINDLEY, G. W., 1951 — The kaolin minerals, “X-ray Identification end Structures -of
Clay Minerals”, Chap. II, p. 32—76, The Mineralogical Society of Great Britain
Monograph .

BrROWN, G., 1951 — The Mica minerals, Part II, “X-ray Identification and Structures of
Clay Minerals”, Chap. V, p. 155—172, The Mineralogical Society of Great Britain
Monograph.

BucHANAN, F., 1807 — A Jourmey through the countries of Mysore, Canara and Malabar,-
p. 440—441, London.

Burri, C., NieGLI, P., 1945 — Die jungen Eruptivgesteine des mediterranen Orogens, ler
Hauptteil “Die Ophiolite”. Vulkaninstitut Immanuel Friedléinder, Ziirich, .

CuouBERY, B., HéNIN, 8., BETREMIEUX, BR., 1952 — Essais de purification de bauxites riches

. en constituants ferrugineux, C. R. des séances de 1’Académie des Sciences, t. 234,
P 2463—2465.

CoorER, W. G. G., 1936—'m1eBaux1tedepomtsofthseGoldOoast Bull. 7, Golf Coast
Geol, Surv.

CoRRENS, C. W., 1949 — Einfiihrung in die Mmemlog'le (Kristallographie und Petrologie),
&pnnger-Verlag, Berlin,

DrrriEr, E., KvuaN, O, 1933 — Die Genesis der Sanntaler Bauxite (Jugoslavien), Chem.
d. Erde, 8 Band, 3 Heft, p. 462—492,

U Boms, G. C., 1903 — Beitrag zur Kenntnis der surinamischen Laterit- und Schuterinden-
-blldungen, Mineral, und Petrogr. Mitt., 22 Band, p. 1—97. -

EpELMAN, C. H.,, FAVESEE, J. C. L., 1940 — On the crys‘ual structure of Montmorillonite and
Hn]loysite, Zeitschr. Krist. 102, p. 417—431.,

EviEs, V. A., BANNKTER, F. A,, BRINDLEY, G. W., GOODYEAR, J., 1952 — Mem. of the
Geol. Surv., Government of Northern Ireland, Belfast.

Favust, G. T, 19048 — Thermal analysis of quartz and its use in eadlbrauon in thermal
a,n.a,lysm st'udles, Am, Mineralogist, vol. 33, p. 337—345.

Fox, C., 1932 — Bauxite and Aluminous Laterite, second edition, Twh. Press, London.

Geolog'ica:l Conference British Guiana, Suriname, Guya.ne francaise, Paramaribo, 1950.

Geological Map of the Three Guianas, 19th Int. Geol. Congress in Algiers, 1952.



374

GriM, R. E., BraY, R. M., BrapLEY, W. F., 1937 — The mica argillaceous sediments, Am.
Mineralogist, vol. 22, p. 813—3829.

Grmv, R, E.,, RowrLanp, A., 1942 — Differential thermal analysis of clay minerals and other
hydrous materials, Am. Mineralogist, vol. 27, p. 746—762 and p. 801—S817.

GriM, R. E., BrRapLEY,. W. I, 1948 — Rehydration and dehydration of the clay minerals,
Am, Mineralogist, vol. 33, p. 50—60.

GriM, R. E.,, BrapLEY, W. F.; 1951 — The Mica minerals, Part I, “X-ray Identification
and Structures of Clay Minerals”, Chap. V, p. 138—172, Mineralogical Society of
Great Britain Monograph. ’

GriM, R. E., 1953 ~— Clay Mineralogy, McGraw-Hill Book Company, Inc., New York.

HARDER, E. 8., 1949 — Stratigraphy and origin of bauxite deposits, Bull. Geol. Soe. Am.,
vol. 60, p. 887—908,

HARrriSON, J. B., 1933 — The katamorphism of igneous rocks under humid tropical con-
dlthIlS, Imp Bureau of Soil Sci. Rothamsted Experimental Station, Harpenden

HENDRICKS, 8. B., 1938 — Om the structure of the clay minerals: chk1te, Halloyslte and
'hydrated Halloymte, Am. Mineralogist, vol. 23, p. 205—301.

HoLMES, A., 1920 — The nomenclature of Petrology, Thomas Murby & Co., London,

Huwmserr, R. P., SHAW, B., 1941 — Studies of Clay Particles with the Electron Microscope:
I. Shapes of Clay Particles, Soil Seci., vol. 52, p. 481—489,

InsLEY, H., Eweln, R. H.,, 1935 — Thermal behaviour of kaolin minerals, J. Res. Nat.
Bur. Stand., vel. 14, p. 616—627.

Harrassowrrz, H., 1926 — Laterit, Material und Versuch erdgeschichtlicher Auswertung,
Fortschritte Geol. und Pal., Band IV, Heft 14,

KEgR, P. ¥, Kurp, J. L., 1948 — Multiple Differential thermal analysis, Am, Mineralogist,
vol. 33, p. 387—420.

KEegr, P. F., Davis, D. W,, Roamow, T. G., Rowg, E. G., FuLLEr, M. L., Hammumon, P. K.,
1951 — Electron Micrographs of referemce clay minerals, Preliminary Reports Referen-
ce Clay Minerals, Am. Petroleum Institute, Research Project 49, No. 6, New York.

Kerr, P. ¥, Kurp, J. L., HaMmuron, P, K., 1951 — Differential thermal analyses of
reference clay minerals specimens, Preliminary Reports Reference Clay Minerals, Am.

. Petroleum Institute, Research Project 49, No. 3, New York.

L, R. A, 1946 — The Geology of Veneszuela and Trinidad, second edition, The Cayuga
Press Inec., Ithaca, New York.

Macewan, D. M. C., 1947 — Halloysite nomenclature, Mineral. Mag., vol. 28, p. 36—44.

Magren, W. H., BRuyN, C. M. A, 1954 — Mineralogical analysis of soil clays II, Geologie
& Mijnbouw, Nwe Serie, 16e Jrg., No. 10, p. 407—320. .

Mecaw, H. D., 1984 — The crystal structure of hydrargillite, A1(OH),, Zeitschr. Krist.
87, p. 185—204,

MeaMEL, M., 1935 — Ueber die Struktur von Halloysit und Metahalloysit, Zeitschr. Krist.,

, p. 36—43.

MEULEN, J. TER, 1949 — Bijdrage tot de verklaring van de genese van de kaolien en de
bauxiet van Moengo in Suriname, Geologie & Mijnbouw, Nwe Serie, 1le Jrg., No. 6,
p. 185—202,

Mong, E. C. J., BAREN, F. A. vaN, 1954 — Tropical Soils, N.V., W. van Hoeve, The Hague
and Bandung.

Nieerl, P., NicoLl, E., 1948 — Gesteine und Minerallagerstitten, B-d I, Allgemeine Lehre
von den Gesteinen und Minerallagerstiitten, Basel.

Nwearr, P., NigeLl, E., 1952 — Gesteine und Minerallagerstiitten, B-d II, Exogene Gesteine
und Minerallagerstitten, Basel.

Nieer1, P., StUTZ, A, 1936 — Die Magmatypcn, Schweiz. Min. Petr, Mitt.,, Band XVI,
p- 335—400.

NorToN, F, H., 1939 — Critical study of differential thermal method for the identification
of the clay minerals, J. Am. Cer. Soc., vol. 22, p. 54—63.

ORCEL, J., 1927 — Recherches sur la composition des chlorites, Bull. Soc. Fr. des Mines, 50.

ORCEL, J., 1935 — L’emploi de 1’analyse thermique différentielle dans la détermination des
constituants des argiles, des latérites et des bauxites, Congr. Int. des Mines, Met.
Geol. Applig. VII Session, p. 359—373, Paris.

PRESOOTT, J. A., PENDLETON, R. L., 1952 — Laterite and Lateritic Soils, Commwlth. Bur.
Soil Sci. Tech. Commn 47

REscuerTz, P. P., YOor, W. J., 1946 — The crystal structure of synthetic Boehm:lbe J. Chem.
Physws, vol 14, p. 495——501

RooxsBy, H, P., 1951 — Oxides and hydroxides of Aluminium and Iron, “X-ray Identifi-
cation and crystal structures of clay minerals”, Chap. X, p. 244—265, Mineralogical
Society of Great Britain Monograph,



375

Ross, C. 8., KERR, P, F., 1930 — Kaolin Minerals, Dept. of the Int. P. P. 165, p. 151—176.

ScaoLs, H., CoHEN, A., 1953 — De ontwikkeling van de geologische kaart van Suriname,
Geologie & Mijnbouw, Nwe Serie, 150 Jrg., No. 6, p. 142—151.

Suaw, B, T., HuMmeerr, R. P.,, 1941 — Electron micrographs of clay minerals, Soil Sei.
Soc. America Proc., vol. 6, p. 146—149, ’

SpEiL, 8., BERKELHAMER, L. H., Pasx, J. A., Davies, B., 1945 — Differential thermal ana-
lysis, its application to clays and other aluminous minerals, U.S8., Bur. Mines. Tech.
Paper 664.

WEIsSE, J. G. pE, 1948 — Les bauxites de 1’Europe centrale, Bull. Lab, Geol. Min. Géoph.
et Musée Géol. No, 87.

WINCHELL, A. N,, 1951 — Elements of optical mineralogy, Part II, fourth edition, John
Wiley & Sons, Inc.,, New York.

IJzErMAN, R., 1931 — Outline of the Geology and Petrology of Surinam (Dutch Guiana).
Proefschrift, Utrecht.

ZonNNEVELD, J. I. 8., 1951 — Opmerkingen naar aanleiding van analyses van enkele Suri-
naamse sedimenten, Jaarverslag Geol. Mijnb. Dienst Suriname over 1950.



