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PREFACE

Operations started on the project "Public Water Supplies and Sew-
erage (NET-4)" with the arrival of the Project Manager in September 1969,
The Plan of Operations was signed by the Government of Surinam, the Worid
Health Organization, and the United Nations Development Programme on 30
October 1970. The cooperating government agency was the Ministry of Rural
Government and Decentralization. The World Health Organization was named
Executing Agency and was assisted by the United Nations in the capacity of
Participating Agency, by virtue of a Standard Letter of Agreement which was
signed by the agencies in July 1970.

It is noted that no provision was made to contract for the consulting
engineering services in the preparation of the engineering studies, reports,
and designs. In this departure from the usual World Health Organization
practice in UNDP(SF) preinvestment projects, the responsibility for the
above tasks rested with the international professional staff assigned tc
the field activity of the project.

This final report represents a statement which descriptively, qual-
itatively, and comprehensively summarizes the findings and recommendations
of the project team, incorporating the public water supplies, sewerage,
and water resources investigation aspects of the project. It comprises
the following four volumes:

Volume I -~ Summary Report
Volume II Basic Data and Special Studies

Volume III - Water Resources (Hydrogeological and Hydrological
Studies)
Volume IV - Water Supplies and Sewerage

The subject volume, Volume II1, comprises the hydrogeological and
hydrological studies conducted in the project and covers physiography,
geology, climate, surface water, ground water, water balance, and water
development,

Conferences and discussions were held with and direct assistance
obtained from:

Ministry of General Affairs

Ministyry of Health

Ministry of Public Works

Ministry of Agriculture

Ministry of Finance

Ministry of Development

Ministry of Rural Governmment and Decentralization



In March 1970, a mi
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The mission included the following:

Ross Milley
G. D. Soerdjoesingh

A, Jap T
Paul Bierstein

Harry G. Hanson

Whitman

John T.

joen San

d~project review mission visited the project.

Assistant Regional Representative, UNDP,

Trinidad and Tobago

Project Coordinator, Ministry of Rural

Government and Decentralization

Surinam UNTAB Liaison Officer
Chief, Preinvestment Planning, WHO, Geneva

Regional Advisor, Engineering and Environ-

mental Sciences, PAHO/WHO, Washington

C. Dimock Technical Advisor, Resources and Transport,
Division of Economic and Social Affairs,
United Nations, New York

Robinson, Zone Engineer, PAHO/WHO, Zone I Office,
Chairman Caracas

The field operations were conducted by a team of United Nationms
specialized agency staff and Surinam Government staff. The team was
structured as follows:

Permanent Field Staff

International Staff

World
S. G.
Je G.
J. L.
C. L.

Health Organization:

Serdahely, Project Manager
Copley, Project Manager
Vincenz, Project Manager
Philipovsky, Sanitary

Engineer (Waste Water)

R. J.

Pitters, Sanitary Engineer

(Water Supply)
Mrs. Christina Kambel, Secretary

United Nations:

V. R.
C. K.

Dixon, Hydrogeologist
Stapleton, Drilling

Superintendent

Surinam Government
Counterpart Staff

G. D. Soerdjoesingh, Project
Coordinator

Engineers

Dihal
Randjietsingh

T. Tsai Meu Chong
. Nanden

. Autar

.

CDFUOWFUFU

Survezor

R. Biharie



Short—term Consultants Non-professionais

C. Clinton Davis, Management A, Ghafoerkhan
D. Duba, Hydrology J. Orie
C. N. Stutz, Industrial Waste J. Ragoebar
L. Huisman, Biological Filtration H. C. Faerber
Jean L. Vincenz, Management H. Rambalie
Donald E, Crum, Water Waste S. Ramdat

H. A. Khodabaks

Visiting Specialists

Drilling Supervisors

M. Suleiman, PIP, WHO, Geneva

W. C. Dimock, UN, OTC A, Staphorst
E. Elmore, ES, PAHO, Washington P. Viereck
0. Cordero, Fluoridation, PAHO, W. Bouman
Washington S. Ramdas
D. J. Williams, Fluoridation, Canada M. Petricie
‘ J. Doornkamp
E. Wilson

A1l of the agencies listed below, their representatives, and indi-
viduals readily contributed to the implementation of this project in an
atmosphere of mutual assistance for the benefit of Surinam:

Army of the Kingdom of the Netherlands

Center of Agricultural Research in Surinam

Surinam Water Company

Surinam Aluminum Company

Biliiton Company of Surinam

lfariénburg Sugar Enterprise

Bruynzeel Surinam Wood Company

Representatives of the Dutch Five-Year Plan

Representatives of several United Nations specialized agencies

It is with sincere appreciation that their efforts, as well as those
of many others who also brought their ideas, comments, experience, and wis-
dom in generous and unsparing measure, are gratefully acknowledged.

During the long dry season of 1971, conditions developed in which
the water supply -system of the city of Paramaribo was unable to meet the
demands, and this resulted in loss of production as well as the retrogres-—
sion of service from continuous to intermittent. Aware of the possibly
serious consequences of these developments, the Government requested the
assistance of the incumbent staff of the UNDP(SF) project in effecting the
necessary 1lmprovements to the water supply as well as to provide the in-
vestigation and planning required to meet present and future needs for th
city system. As a result, the UNDP(SF) project was extended from the orTi:
inal three-year span to cover a 4Z2-month period. The report incorporatin
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the Paramaribo study is a separate and supplementary volume. A second six~
month extension was requested by the Government for surface drainage stud-
ies. The report for these studies is also a separate and supplementary
volume,

The metric system of weights and measures is used in Surinam for
engineering purposes generally, However, standard practice in the design
of water supply systems in the country has been to express pipe sizes in
inches and to express pump capacities in U.S. gallons per minute, Accord-
ingly, these units have been used in designs.

In estimating costs the currency used is the Surinam guilder {(Sf.y.
The rate of exchange current when estimates were prepared during project
operations was Sf.1.87 to USS$1.00.

All elevations indicated in this report are referenced to the offi-
cial NSP (Normal Surinam Level) datum. Established in 1958, NSP is based
on the average sea level, measured at an automatic sight gage structure on
the Suriname River at Purmerend Plantation, located near Paramaribo at
Leonsberg. Elevations referred to an earlier datum, SP, are converted by
Surinam authorities through the application of a negative 8,00 meter factor.

Acronyms used in this report are included in the glossary at the end
of Volume I,



CONCLUSIONS AND RECOMMENDATIONS

SUMMARY OF CONCLUSTIONS

General

1. Surinam contains two hydrologically distinct provinces, an interior
Precambrian shield of crystalline rocks comprising 80% of the country
where surface water is the most important, and a coastal basin comprising
the remaining 207% where ground water resources are of major importance.

Surface Water

2. Seven first-order rivers drain the country towards the Atlantic.
The Corantijn and Marowijne Rivers are the largest, forming the western
and eastern boundaries. Together they drain about 587 of the country.

3. The main rivers are tidal, generally up to the first rapids, and
they contain brackish water in the coastal area. Flows are seasonal with
the highest flows between May and July and the lowest flows generally in
November, coinciding with the seasonal rainfall.

4, Run-off is relatively high throughout most of the basement area
with an average annual unit discharge of about 25 1/s/km*. It is less
along its northern fringe where the average annual unit discharge is about
15 1/s/km?. The reason is attributed to remnants of the coastal basin
sediments south of the Savannah area as mapped.

5. There are no stream flow measurements in the area of the coastal
basin, although a well developed drainage sustained mainly by effluent
ground water exists in the Savannah and 0ld Coastal Plain. The run-off is
assumed to be low as in the northern fringe of the basement.

Aquifers

6. The coastal basin contains an abundance of ground water confined
under artesian conditions with high water levels close to the ground
surface.

7. The aquifers are composed mainly of graded coarse-grained anguiar
quartz sand more or less kaolinitic. Hydraulic conductivities genera ily
vary up to about 100 m/day and exceptionally may be more than 300 wm/day.

8. The aquifers have been classified according to their geological

2

age. The most important fresh water aquifers are the A San nd, orobably of



Oligocene age; the Coesewijne aquifers of Miocene age; and the Zanderij
aquifer of Plio-Pleistocene age. The division is into groups of aquifers,
which are regionally interconnected. The distribution is complicated by
unconformities or buried landscapes through which the main aquifers are
interconnected in places.

9. The oldest aquifer to crop out extensively is the Zanderij aquifer
in the Savannah area. The older aquifers terminate southward against the
rising basement. Exceptions are the Upper Coesewijne aquifers, which are
in contact with the overlying Zanderij aquifer to the south.

Ground Water Flow Systems

10. The Coastal Basin is divided into two parts based on ground water
age and flow. To the south, coinciding with the Savannah and 01d Coastal
Plain, an active system is recharged directly from rainfall, Most activitcy
appears to be in the upper sections where recharge is rapidly discharged.
The regional flow is slow, at rates up to about 6 m/day, and the ground
water age is up to 2,000 years BP. To the north, coinciding with the
Young Coastal Plain, the ground water system is more or less static.

There is virtually no hydraulic gradient, and ground water ages vary from
about 13,000 to 20,000 years BP.

11, It is surmised from ground water age and other evidence that an
active flow system extended throughout the basin during the Pleistocene

and early Holocene times when the ocean level was lower. There is evidence
of a reversed (inland) flow during the Holocene transgression as a result
of ocean loading.

Ground Water Recharge

12, Based on one year of observation well records, annual recharge is
estimated at 480 and 200 mm in the Savannah area west of Zanderij and in
the Old Coastal Plain at Rijsdijk, respectively. For the present these.
can be regarded only as upper limits not universally applicable. Extensive
areas of the Savannah have a clay surface, and recharge decreases towards
the north in the 01d Coastal Plain.

i3. At Republiek, immediately north of the Savannah, the average annual
recharge based on 26 years of records is estimated at 1,288 mm. This is
in an area of ground water withdrawal and therefore indicates a potential
for this kind of terrain, including an influent flow induced locally from
Coropina Creek.

Water Balance Studies

i4, Water balance studies indicate relatively high run-off and low
evapotranspiration in the interior and the reverse for the northern base-
ment fringe and probably the coastal basin. Evapotranspiration in the



north probably approximates the potential. Apparent values obtained as a
difference between rainfall and run-off are higher than panevaporation
measurements at Paramaribo and calculated values. It is assumed that
evapotranspiration may be in the order of 1,800 mm/year and that devia-
tions from this represent changes in storage. For an average year ground
water discharge to the surface must equal the recharge, and in an overall
water balance ground water is purely transitory within the system.

Ground Water Salinity

15. Salinity generally increases towards the coast. In the Zanderij
aquifer the water is fresh throughout the 0ld Coastal Plain and brackish
in the Young Coastal Plain, particularly adjacent to the rivers. The
change is abrupt. Fresh water continues farthest north in the Coesewijne
aquifers. In the A Sand higher salinity extends farthest inland along
concealed fault lines.

16.  Brackish ground water is widespread in the coastal area of Comme-
wijne and apparently in the area of the Coppename River mouth.

Water Supplies

i7. Surface water is the natural source of supply in the interior base-
ment area, and ground water is the natural source in the coastal area
where the quality is suitable.

18. The usefulness of the Suriname River as a source of fresh water
begins upstream from Domburg. Withdrawals of up to 120 m3/sec should
maintain the chlorides at 100 to 200 ppm between Domburg and Paranam.

19. The available fresh water in the Saramacca River is comservatively
estimated at 1 m3/sec to maintain chlorides at 200 ppm between Santigron
and Uitkijk.

20. Withdrawals of fresh ground water in the area of the Young Coastal
Plain can be considered only as a mining operation with the fresh water
replaced by brackish water. There are vast quantities of fresh water in
storage (Figure 31), and withdrawals should not create serious problems,
although an inland movement of water with higher chlorides now evident in
the Paramaribo area must be considered in planning future sources of suppiy.

21, ‘The ground water in the 01d Coastal Plain is renewable, with the
potential equivalent to the recharge rate.

22, The Savannah is a recharge area, but conditions are poor for the
construction of high capacity wells.

23, Ground water supplies are available from the Coesewijne aguifers
for the Kwatta-Leidingen and Pad van Wanica West projects. Both cases



£~

involve the mining of fresh water, but no problems are envisaged in the
foreseeable future.

24, Fresh water in the Paramaribo area is limited to the A Sand aquifer,
With an input of water from Republiek maintained at 500 m3/hr it is esti=-
mated that water withdrawn in the coastal area would have a chloride con-
tent of about 300 ppm by 1984 and 400 ppm by the end of the century.

Under such conditions an additional input of fresh water will be required
by 1980 to maintain the chlorides within the standards. This might be as
an increase from Republiek or a supply from Rijsdijk (Zanderij aquifer) or
Jarikaba (A Sand aquifer). The proposed well field at Livorno would pro-
vide fresh water to the local area with an excess pumped to Paramaribo,
but the supply is from the same aquifer as at Zorg en Hoop and it cannot
be regarded as an alternative to the other fresh water sources.

25, Meerzorg and western Commewijne is a problem area. The only local
fresh water is in the A Sand, which terminates to the east and is under
the influence of withdrawals at Zorg en Hoop. A supply for a minimum of
10 years should be available from this source before the quality is sub=-
standard, after which sources of supplies will be at a greater distance zas
at Morico, the area of Surnau Creek, or from across the river.

26, Fresh water in the Coesewijne aquifers has been established in the
Nickerie area. The aquifers are deep and the wells relatively expensive.
As needs increase this water might be mixed with water higher in chlorides
from the upper Zanderij aquifer. Similarly, the quality of the Nickerie
supply could be improved by adding a well constructed in the Coesewijne
aquifer,

27. Problem areas in addition to Commewijne include La Vigilantia and
Domburg. A well has been constructed to supply La Vigilantia. It is pos-
sible that the quality will deteriorate if water with high chlorides moves
south under the influence of the Paranam wells and there is a danger of
contamination from soda rich wastes. Alternative sources would be the
Suriname River or a well located further south. To the north at Domburg
there is no fresh ground water and the closest source is the Suriname
River.

Protection of Ground Water Quality

28. Ground water is recharged directly by rain in the Old Coastal Plain
and Savannah, and consequently the area is susceptible to soluble contzmi-
nants. Industrial wastes could be the main source of any contaminaticna,

Well Construction

29. High capacity wells can be improved by adding more screen than has
been customary. This would reduce entrance velocities, corrosion, and
drawdown and would prolong the life of wells. The early failure of several
wells may be caused by overpumping in relation to the amount of aquifer
screened.



30. Wells constructed with unplasticized PVC casing and stainless steel
screens should be most effective against corrosion. Large diameter casing
of PVC has been used to a depth of 30 m, but handling problems are envis-
aged at depths of more than 100 m unless a temporary protective steel
casing is used for construction.

31. 1t has been demonstréted that costs are less when wells are con-
structed by shift work.

RECOMMENDATIONS

Surface Water

1. Run-off volumes, flow rates, and unit discharges given in this
volume may be used for planning surface water development.

2. A knowledge of salinity changes in the river estuaries is of prime
importance. 1In this regard it is recommended that further studies should
involve the assembly of all available salinity measurements and correlat-
ing them with upstream discharges.

3. Flow measurements should be made of selected streams representative
of the Old Coastal Plain and Savannah areas. The information would permit
a more accurate assessment of both surface water and ground water as
sources of supply, and the possible effects of withdrawals.

Ground Water

4, The observation wells established in recharge areas should be main~
tained. Longer records of ground water level fluctuations when correlated
with rainfall will provide a more accurate assessment of recharge., Water
levels in cased test wells without recorders should be measured at least
twice annually, in May-July when levels are high and in November when
levels are low.

5. Water levels should be measured at least monthly in all availabie
wells surrounding operating well fields. 1In addition, samples for chemicail
analysis should be taken quarterly, particularly in the direction of
increasing salinity or towards water quality boundaries.

6. Accurate records of withdrawals must be kept, particulariy from
wells in the Young Coastal Plain., Cumulative withdrawal volumes compared
with the estimated storage volumes and needs will be required for effective
planning.

7. Filing of ali basic data on drilling, pumping, water analvses and
water levels must be continued. In this regard, it is to the credit of
the SWM and GMD that such detailed records have been kept since 1930. To
avoid loss, new information would best be summarized in the form of =
published yearbook.



Water Supplies

8. The Kwatta-Leidingen and Pad van Wanica West supply systems should

go ahead based on proven ground water sources, with the wells provided.
Standby wells should be constructed. Future wells would best be constructed
with PVC casing and stainless steel screen to guard against corrosion. The
water levels and water quality should be monitored in surrounding wells as
in Recommendation 5. In this regard, Well 1/69 is important for Kwatta-
Leidingen and wells east of the Helena Christina Weg plant site dre impor-
tant for the Pad van Wanica system.

9. Wells to supply Meerzorg and western Commewijne should be constructed
in the A Sand aquifer of western Meerzorg close to the river. The supply
should last for at least 10 years. Exploration should continue in the
Morico and Surnau Creek areas to ascertain the most favorable future source.

10. Supply systems should be constructed as required based on proven
supplies from wells constructed at Tijgerkreek, Houttuin, Paradise, and
Henar Polder, and also at Corantijn and van Drimmelen Polder after con-
struction of the supply well. Well 33/72 should be used as a source of
supply for La Vigilantia only if it can be shown that the wastes in the
spoil area to the west are not toxic. In any event a regular check on the
water quality must be maintained.

11. Exploration at Wonoredjo should continue to outline the extent of
the shallow aquifer and to ascertain any leakage through the overlying
sediments.

12, Plans should be prepared for additional supplies for Paramaribo from
Republiek or Rijsdijk to be operative by 1980. The source should supply
about 40% of the future requirements to be mixed with the water with higher
chlorides from the Zorg en Hoop and Leysweg wells. Additional supplies
from the Jarikaba area should also be considered. Costs and benefits of
the proposed well field and treatment plant at Livorno should be recon-
sidered in the light of these suggestions.

Protection of Ground Water Quality

13. The Savannah and Old Coastal Plain should be designated a ground
water conservation area. Planning and regulations should be such thar
there is no possibility of contaminating the aquifers with soluble
poilutants,

Weli Construction

14, Wells should be adequately screened to maintain low entrance veioc-
ities and to minimize drawdown.

15, PVC casing should be used where possible to protect against corro-
sion, and the diameter of the casing should be at least one nominal size



larger than the pump bowls in the upper section, depending upon the lowest
anticipated deptns of the pump,

i6. In specifying pumps, sufficient allowance must be made for antici-
pated interference from other wells in a well field. Interference from
the Zorg en Hoop wells extends as far as 10 km. Ideal well spacing would
be between 100 and 200 m, beyond which only little is gained for larger
costs.

i7. Casing should continue above the ground surface with well pumps
above ground, and with effective sanitary seals maintained to safeguard
wells from contamination.
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CHAPTER 2

PHYSTIOGRAPHY AND GEOLOGY

MAIN PHYSIOGRAPHICAL AND GEOLOGICAL UNITS

The country consists of a more or less forest-covered, undulating
Precambrian shield and a coastal piain.

The Precambrian shield, composed mainly of crystalline rocks, ex—
tends over an area of approximately 126,500 km2 or about 80% of the coun~—
try. It is at elevations mainly up to 250 m with a few peaks rising above
1,000 m. Juliana Top is the highest point at an elevation of 1,230 m. The
Precambrian rocks continue northward beyond the shield, where they form the
basement of a coastal basin (Enclosure 1),

The coastal plain is at elevations below 75 m, and in the coastal
fringe elevations are seldom more than 5 m. It extends inland about 40 km
in the east and 140 km in the west and is underlain by sedimentary forma-
tions from Cretaceous to Recent age, named the Corantijn Group (Doeve, 1957).
Except for isolated Eocene inliers, formations older than Pliocene age are
not known to be exposed, Onshore the thickest accumulation is about 2,000 m
near the Corantijn River mouth. The sediments continue offshore for more
than 140 km, where they are more than 4,000 m thick. Near the shelf edge
a more or less complete succession is present (Gillman and Jardine, 1972),
and sedimentation was in a marine enviromment, whereas to the south the suc-
cession is interrupted and sedimentation took place in terrestrial to shal-
low marine environments. The total volume of the basin sediments in both
onghore and offshore areas of Surinam is estimated to be at least 150,000
km?.

LAND FORMS

Land forms in the shield area reflect the underlying geclogy, hav-
ing resulted from the weathering and erosion of the basement formations and
from tectonic movements. They have been studied in detail by several in~
vestigators as an aid to photogeological mapping. O'Herne (1969) described
46 landscape types, which he grouped into eight units related to the main
geological provinces.,

The most prominent land forms of the interior are the Bakhuis, the
Wilhelmina, and the Eilerts de Haan ranges, which extend across the south-—
west part of the country in a NW-SE direction. The Wilhelmina Mountains
are the highest and most rugged. Verhofsted (1969) describes them as vouth=
fully dissected along NE-SW structural directions. The van Asch van Wijck
range forms a prominent ridge of dolerite extending northeast for more than

100 km from the southeast Wilhelmina Mountains. Immediately to the wes:t of



it is Tafelberg and the Emma range. The former is an isolated table-like
remnant of subhorizontal sandstones. 1Isolated ranges rise to elevations
generally between 500 and 600 m in the northeast, and a continuous high-
land area in the south forms the divide between the Guyana and Amazon
drainage systems.

Although very little relief is displayed in the coastal plain,
three land forms are distinguishable. Around the inland fringe is a
Savannah Belt (Dek landscape) of Pliocene sediments. The relatively
flat surface at elevations between 20 and 75 m is steeply dissected by
streams. Krook and Mulders (1971) describe the surface as terraced.
To the north an 01ld Coastal Plain at elevations between 5 and 12 m is
underlain by Pleistocene sediments and is followed by a swampy Young
Coastal Plain at elevations below 5 m,

From a study of 1:100,000 scale topographic maps, King (1964) rec-
ognized three erosion surfaces in the interior and surmised equivalent
unconformities and sedimentation in the coastal area. The first or "Early
Tertiary" surface, apparently late Eocene in age, was a smooth extensive
surface now represented only by isolated remnhants at elevations between
450 and 850 m and by bauxite caps in the coastal area. It was eroded,
forming a "Late Tertiary I" surface now consisting of rolling plateaus and
bevelled surfaces about 100 m below the "Early Tertiary" surface. The
equivalent in the coastal area is the accumulation of Oligo-Miocene sedi-
ments on an irregular post-Eocene surface. The youngest "Late Tertiary II"
surface comprises the lowland plains at elevations between 100 and 400 m,
equivalent in the coastal area with the post-Miocene unconformity and the
accumulation of Pliocene sediments. According to King, the surfaces are
analogous with similar surfaces in other lands throughout the worid.

DRAINAGE PATTERNS

The southern highlands form a divide between the coastal Guyana and
Amazon drainage systems, and all the major rivers of Surinam flow directly
to the ocean,

The NW—SE oriented highlands of the Bakhuis, Wilhelmina, and
Eilerts de Haan ranges form a prominent drainage divide separating the
Corantijn River from the remaining rivers. To the northeast of this divide
the rivers flow generally to the NNE in the shield area, and, upon emerging
onto the coastal plain, they turn towards the north. An exception is the
large Marowijne River. It flows to the northwest and north in irs middle
reaches, but the tributaries and the downstream section flow generally to
the NNE. Southwest of the highlands the Corantijn River and upstream trib-
utaries flow generally northwest, but then turn to follow a more or less
NNE course to the coast.

The large Corantijn and Marowijne Rivers flow directly to the ocean,
entering perpendicular to the coastline, whereas the other rivers turn



westward, theilr flows apparently insufficient to overcome the strong North
Equatorial Current. According to Nota (1969), bottom velocities as high
as 60 cm/sec have been measured at depths of 35 m in this current.

In detail, the drainage patterns tend to follow the structural
lineations in tne shield, and even lineations and anomalous turns in the
coastal plain appear to relate to the underlying tectonic structure. In
the Savannah Belt a well incised drainage pattern has developed, although
this is not dense. The drainage is less dense in the 0ld Coastal Plain,
and in the Young Coastal Plain it is incipient and swamps cover vast areas.

STRATIGRAPHICAL CLASSIFICATION OF THE BASIN SEDIMENTS

In 1927 Bracewell described a Coastal Plain and a White Sand Series
in Guyana. TIjzerman (1931) described the basin sediments of Surinam
following exploration drilling for water supplies between Paramaribo and
Republiek. He divided them into younger Fluvio-Marine deposits of the
coastal plain, and older Continental Alluvia equivalent to the Savannah
Belt. Grantham and Noel-Paton (1937) classified the sediments as shown
in Table 1. Although they were considered to be Quaternary and possibly
Tertiary in age, the lithological divisions have generally remained until
the present time but with names given to the different members, which were
variously grouped. With the exception of the Demerara and Coropina forma-
tions, the nomenclature in Surinam and Guyana is different, although the
same basic units are recognized.

A complete section near the deepest onshore part of the basin was
obtained when the Rose Hall test for oil was driiled in 1941 near New
Amsterdam in Guyana. Details of the test, which was drilied to 1,920 m,
are given by Kugler et al. (1942). By comparing fossils with species
found in Trinidad, Mio-Pliocene deposits were assumed to be present, but
it was not until later studies of the pollen that Cretaceous and Lower
Tertiary sediments were known. In Surinam the Nickerie test for oil was
drilled in 1942-1943 intersecting the bedrock surface at 1,477 m, A sim-
ilar sequence was found.

Van der Hammen and Wijmstra (1964) classified the sediments on the
basis of pollen content. Seven pollen zones were outlined for the time
interval from Upper Cretaceous to Quaternary, A post lower-Eocene to
lower-Miocene hiatus was identified as the period when the coastal baux-
ite was formed. The nomenclature established by Grantham and Noel-Paton
(1937) in the coastal areas was retained in the new stratigraphical tablie
with added names for the Bauxite Belt.

3

In 1959 the Alliance 28 test was drilled in the coastal aresz of
eastern Surinam. A summary of the extensive research on the sampi 1
given by van Voorthuysen (1969). The well intersected sediments <3

Holocene down to Upper Cretaceous age. Wijmstra (19693 compared i
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pollen with that reported in offshore Weli S50-1, which contains marine mi-
crofossils. This permitted a comparison with zones established in Trinidad
and led to more accurate dating, particularly of the Miocene sequence.

Montagne {(1964) classified the sediments of the Onverdacht bauxite
area in Surinam. The classification basically follows that of van der
Hammen and Wijmstra (1964), and the names "Onverdacht Formation" for the
Lower Tertiary sediments and "Coesewijne" for the Upper Tertiary sediments
were proposed.,

In a stratigraphical table presented by Noorthoorn v/d Kruyff (1970),
based on data from oil tests, three main formations are identified based on
differences in bulk density. The nomenclature is different from that al-
ready in use with the exception of the Nickerie formation for the Cretaceous
deposits. Ages were established by pollen and other microfossils. Accord-
ing to Noorthoorn v/d Kruyff, the upper marker horizon is mid-lower Miocene
in age, probably at the contact of Pollen Zones E and F of van der Hammen
and Wijmstra (1964). When the given depths of the marker horizon are com-—
pared with other data in the coastal area, it appears that it is at the top
of the A Sand or the Eocene sediments where the A Sand is missing (Enclosure
2). Furthermore, at offshore Tests SO-1 and MO-1 the depths given coincide
with the top of the Miocene, which is limestone at these locations (Gillman
and Jardine, 1972).

Wijmstra (1971) generally recognizes the same classification estab-
lished with van der Hammen in 1964. He shows the A Sand of Guyana to be
equivalent, at least in part, to the bauxite hiatus and, in his section,
extends it into Surinam. He also revives the name "Zanderij Formation,"
originally named 'Zanderij Series" by Schols and Cohen (1950), for Piio-
cene sediments in Pollen Zone Gl, but retains the formation in the Upper
Coesewijne,

Gillman and Jardine (1972) give the stratigraphical succession at
Well GLO-1, about 140 km north of the eastern coast, and correlate the se-
quence with that of MO-1 (offshore) and CXI (onshore). The test ended at
4,663 m after intersecting a more or less complete succession of sediments
down to Lower Cretaceous (Albian) age. Five sedimentary cycles are recog-
nized., One of the most striking features indicated in the succession in-
tersected by GLO-1 is the thick series of Pliocene to Recent terrigeneous
sediments, indicating a major change after Miocene times.

A summary of the onshore classifications presented since 1927 is

in Tables 1 and 2. General correlation between the offshore and onshore
sequences 1is evident; however, the lithological units as known onshore do
not continue far offshore. Wijmstra (1971) gives the most recent classi-
fication of the onshore sediments using established nomenclature. 1In the
light of the correlation of Gillman and Jardine (1972), it is suggested
that more distinction be given to the break at the end of the Miocene and
that the Zanderij formation of Pollen Zone G be distinguished clearly from
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the Coesewijne formation of Pollen Zones E and F. Tt is suggested alsc
that the A Sand be recognized in Surinam. Wijmstra includes it in his
stratigraphical succession of 1969, but shows it only in his section of
1971 and not in his stratigraphical table for Surinam. Where present it
is immediately below the upper marked horizon of Noorthoorn v/d Kruyff
(1970) as shown onshore.

DESCRIPTION OF FORMATIONS
Precambrian

The ages of Precambrian rocks based on isotope studies are given
by Priem et al. (1971). According to them the oldest rocks are highly
metamorphosed gneisses, charnokites, and granulites that form the Bakhuis
horst and adjacent areas in the northwest. An age of 2,600 million years
(my) is suggested by them, based largely on comparisons with rocks in
Guyana.

Most of the rocks, consisting of widespread granites with meta-—
sediments and metavolcanics, have an isotopic age of 1,810 + 40 my. The
metasediments and metavolcanics occur mainly in the east. They have been
designated the Marowijne Group by Bosma and Groeneweg (1969).

In the center of the country, Tafelberg is the easternmost remnant
of the Roraima formation which, according to McConnell et al. (1969),
once covered at least 1.2 million km? of the Central Guyana shield. At
Tafelberg the formation consists of about 700 m of relatively flat-lying
reddish sandstones, with an isotopic age of 1,600 to 1,650 my.

Gabbroic and doleritic sills and dikes intrude the basement rocks.
The rocks are designated the Avanavero Dolerite by Bosma and Groeneweg
(1969), and according to Priem et al. (1968) the age is 1,500 to 1,800 my.

The basement rocks are deeply weathered. Weathering to depths of
70 m has been recorded in extreme cases. O'Herne (1966a) lists the depths
of weathering for various rock types. It appears that it is deepest in
basic rocks and metasediments (15-30 m) and least in granites (generally
up to 16 mj).

Triassic

The first known rocks to appear in Surinam after the Precambrizn
consist of dolerite in the form of long narrow dikes. They are particulariy
abundant in eastern Surinam and French Guiana, where they trend generally
NNW-SSE. The name Apatoe Dolerite was proposed by Bosma and Croeneweg
(1969) after the village of Apatoe on the Marowijne River. The age of
samples from east and northwest Surinam is 227 + 10 my (Priem et al.,,

1968). '



Cretaceous (Nickerie Formation)

Sediments of Cretaceous age, named the Nickerie Formation by
Schols and Cohen (1953), are known only from drilling in the northern
coastal plain and offshore, They are the oldest sediments known in the
coastal basin beginning with rocks of Albian age (Gillman and Jardine,
1972). Near Nickerie and offshore they comprise 55 to 607% of the basin
sediments.,

The Nickerie test intersected about 800 m of Cretaceous sediments
beginning at a depth of about 600 m. A log of the test given by
d'Autretsch (1950) lists mainly compact kaolinitic sand with gravel and
multicolored shale. 1In eastern Surinam, Upper Cretaceous (Maestrichtian)
sediments were intersected below 320 m by the Alliance 28 test (Wijmstra,
1969). The log given by van Voorthuysen (1969) lists mainly kaolinitie
gravel and sand, calcareous at the top with shells and plant remains.

The depth to the top of the Cretaceous sediments along the coast is
illustrated in Annex 1-H. It is based on the section of Wijmstra (1971),
and data listed by Noorthoorn v/d Kruyff (1970).

Offshore 140 km at GLO-1 Gillman and Jardine (1972) recognize four
sedimentary cycles., The first and second, in the middle and lower Albian,
are transgressive, separated by a sharp regression. The third and fourth,
in the upper Cretaceous, are regressive. The deposits are more than 1,825
m thick, topping at a depth of 2,738 m. They are mainly grey to greenish-
grey carboneous and dolomitic clays with silt and sand. According to
Gillman and Jardine, the microfauna and microflora compare with that in
Senegal, West Africa. '

Cretaceous sediments continue westward into Guyana. In southwest
Guyana a deep east-west oriented graben between the Pakaraima Mountains to
the north and the Kanuku Mountains to the south is filled with sediments
of Jurassic and Cretaceous age known as the Takutu Formation (McConnell et
al., 1969).

Palaeocene (Lower Onverdacht Formation)

Rocks of Palaeocene age are known from test wells in the coastal
area and offshore. Occurrences as far south as Onverdacht have been described
by Montagne (1964), who included them as the lower member of his Onverdacht
series.,

In the Onverdacht area the sediments occur at depths of about 40 to
50 m as coarse to fine-grained sand with a thin layer of kaolin or kaclin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>