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PREFACE

Following the IUREP Information Meeting (Vienna, November 1978),
the Turkish authorities expressed an interest in receiving a IUREP
Orientation Phase evaluation mission.

A mission was formally offered to Turkey, by the OECD Nuclear
Energy Agency on behalf of the Executive Group for the IUREP Orientation
Phase, in October 1979 and accepted by the Turkish authorities the following
month.

The mission, which was undertaken by two consultants, Dr. H. Ziehr
and Mr. A. Komura, commenced in Turkey on 2nd September 1980 and
completed its work in that country on 7th November 1980.

This report describes the findings, conclusions and recommendations
of the mission.
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A. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

1. The IUREP Orientation Phase Mission to Turkey estimates the Speculative
Resources of the country to lie between 21 000 and 55 000 tonnes
uranium.

2. Past exploration in Turkey, dating from 1953, has indicated a very high
number of uranium occurrences and radioactive anomalies, but ore
deposits of significant size and grade have not been found.

3. Present reserves amount to 4 600 tonnes uranium which can be allocated
to approximately 15 sandstone type deposits in Neogene continental
sediments. Several hundreds of other occurrences and radioactive
anomalies exist where ore reserves have not been delineated.

4. The uranium occurrences and radioactive anomalies can be divided
according to host rock into (a) crystalline massif and (b) Tertiary

continental sediment.

5. The greatest geological potential for further resources is estimated to
exist in the above mentioned two geological terrains. The most
favourable geological potential exists in Neogene continental
sedimentary basins near the crystalline massifs.

6. Because surface exploration in the known favourable areas such as the
Kopriibasi Basin has been so systematic, extensive, and successful, it
is improbable that additional surface work will have much effect in
increasing the number of new radioactive anomalies or uranium
occurrences detected at the surface in these areas. Surface survey
work in these areas should be mainly designed to assist the
understanding of structures at depth. Surface reconnaissance survey
work is, however, required in other parts of the above mentioned two
geological terrains in this country.

7. Before starting such a reconnaissance survey in new areas, the Mission
suggests that a careful and extensive library study be conducted in
close co-operation with sedimentologists, petrologists, and remote
sensing specialists.

8. The Mission suggests that in the medium term, 8 to 10 years, some 85 -
110 million U.S. Dollars be spent on airborne and ground surveys,
including geological, radiometric, geochemical, and geophysical
surveys, and drilling.

9. The major findings and recommendations of the IUREP Orientation Phase
Mission are that exploration programmes in new areas should be started
with a careful library study followed by a field survey in close
co-operation with specialists, and exploration in known uranium
districts should be systematic according to the exploration philosophy,
and be done with careful geological interpretations.

10. With regard to airborne surveys, the Mission suggests that detailed
radiometric surveys with closely spaced flight-lines be done in
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specific limited areas, not for the whole area of the country.
Helicopter-borne surveys are recommended for mountainous rugged
crystalline massif areas.

11. It is the opinion of the IUREP Orientation Phase Mission that
systematic well arranged short term and long term exploration schedules
should only be drawn up by the Geological Institute of Turkey, Maden
Tetkik ve Arama EnstitusO (MTA).MeT\A..

12. It should be made clear that although uranium exploration is* according
to the Turkish Government policy, exclusively done by M.T.A., technical
assistance or financial assistance from foreign organisations would be
both accepted and welcome.

13. It is the opinion of the IUREP Orientation Phase Mission that the
Turkish Government adopts an open policy for private and foreign
companies with regard to uranium exploration and d .elopment. It
should stimulate funding for exploration and resource development, and
for the development of uranium exploration technique in this country.
In this way it would accelerate exploration and eventually the
discovery and development of new uranium resources.

B. INTRODUCTION

1. Terms of Reference

The basic objective of the International Uranium Resources Evaluation
Project (IUREP) is to "review the present body of knowledge pertinent to the
existence of uranium resources, to review and evaluate the potential for
discovery of additional uranium resources, and to suggest new exploration
efforts which might be carried out in promising areas in collaboration with
the countries concerned".

Following the initial bibliographic study which formed Phase I of
IUREP, it was envisaged that a further assessment in co-operation with, and
within, the country concerned would provide a better delineation of areas of
high potential and a more reliable estimate as to the degree of favourability
for the discovery of additional uranium resources. It was planned that such
work would be acomplished through the field missions and the resulting report
would be known as the Orientation Phase of IUREP.

The purpose of the Orientation Phase Mission to Turkey was (a) to
develop a better understanding of the uranium potential of the country, (b) to
make an estimate of the Speculative Resources of the country, (c) to delineate
areas favourable for the discovery of these uranium resources, (d) to make
recommendations as appropriate on the best methods for evaluating the
favourable areas, operating procedures and estimated possible costs, (e) to
develop the logistical data required to carry out any possible further work,
and (f) to compile a report which would be immediately available to the
Turkish authorities.

It should be noted that since the completion of the mission this report
has been updated using information provided to the NEA by the Turkish
Authorities, in particular MTA.
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2. General Geography

Turkey, a republic of the Middle East with an area of 779 452
comprising 23 764 km^ in Europe (Eastern Thace) and 755 688 km^ in Asia
(Anatolia) is bounded on the east by the U.S.S.R. and Iran, on the south by
Iraq and Syria and on the north by the Black Sea.

European Turkey is separated from Anatolia by the straits of the
Bosporus, the Sea of Marmara and the Dardanelles. It is bounded on the
north-east by the Black Sea and on the south-west by the Aegean Sea.

The islands of Imroz (Imbros) and Bozcaada (Tenedos) of the Dardanelles
belong to Turkey. Otherwise the Aegean and the Mediterranean coast line is
the boundary to a point just south of the mouth of the Orontes (Asi) river
where the frontier with Syria begins.

Physiography

Turkey has been described as a bridge between Europe and Asia. However
the western end of the bridge has broken down toward the Aegean.

European Turkey, a rough triangle with its apex on the Bosporus has a
northern and southern fringe of mountains, the Istranca and Tekirdag ranges,
and a central undulating plain through which run tha valleys of the Marits and
the Ergene, draining the landward slopes of both highlands.

Asiatic Turkey (Anatolia) is roughly rectangular in outline, almost
three times as long from east to west, about 1 450 km, as from north to south,
about 480 km. Its main features are: (a) a central plateau extending nearly
800 km eastward from the latitude of Istanbul; (b) a mountainous girdle
encircling the plateau to the north-west and south (c) an almost entirely
mountainous region which becomes progressively wilder and more rugged up to
the frontiers of the U.S.S.R. and Iran.

The central plateau is elevated to an average height of 915 m above sea
level. Most of it is semidesert or steppe with scanty pasture except where
the rivers flow through with strips of fertile land bordering them. There are
numerous depressions where marshes, shallow lakes or mud flats have been
formed. Some of these are brackish because of the solubility of the rocks
over which the water flowed. The largest of these basins is a salt lake, Tuz
Gold, in the centre of the plateau about 96 Km south of Ankara (Angora). West
of Ankara much of the country is rolling uplands between 1 050 m and 1 375 m
above sea level, with a few rounded summits nearly 1 800 m high. To the south
and east of the capital is a region of rolling uplands with the remains of
extinct volcanoes and, particularly in the neighbourhood of Kayseri (Caesarea
Mazaca), of lava and ash.

The Black Sea coast between the Bosporus and the Soviet frontier is
about 1 200 km long and has, for most of its length, steep, rugged country
near the seaboard. The breadth of the coastal region is less easy to define.
There is no clear dividing line between it and the central plateau in the
western part, although to the east the character changes and there is a clear
distinction between the high mountain ranges on the coast and those of the
hinterland.



Western Anatolia may be defined as the region west of longitude 30°E
which comprises the Aegean coastal region up to the central plateau. The
coast line is deeply indented and has many natural harbours. The country
bordering the Sea of Marmara is relatively low with streams running north or
south down from the collecting ground of the hills around Balikesir.

The railway from Afyon (Afyon Karahisar) follows the southern edge of
the central plateau and traces a wide curve south-eastwards through Konya
(Konia) to Karaman and then north-east to Kayseri. Between this line and the
sea lie the Taurus mountains. From the Dalaman valley on the west to Silifke
on the east a collection of ranges, not always continuous and sometimes
ill-defined enclose the Adalia (Antalia) plain. The main Taurus, an irregular
chain to the north-east, dominates the Seyhan and Ceyhan coastal plains in
which lie Mersin and Adana.

South-eastern Turkey may be defined as the belt bounded on the south by
the frontiers with Syria and Iraq, on the east by the fror.cier with Iran, and
on the north by the mountain ranges which form the watershed of the Euphrates
and the Tigris rivers. The Euphrates basin on the west is an irregular strip
through which the river runs between precipitous banks.

East of the Tigris river to the Iranian frontier lie the Kurdish
mountains with summits rising to more tha7: 4 000m. To the west the country is
wild, and rivers and their tributaries cut erratically between the mountain
crests. In the centre the ranges end in precipitous cliffs facing
south-westward, while further to the east the country is lower and becomes
gentler up to the Iranian frontier.

Eastern Turkey north of this region to the Kelkit and Coruh valleys is
largely volcanic, with peaks rising to 3 350 m or more surrounded by lava
fields. Some ranges of nonvolcanic origin vary an otherwise monotonous
landscape. The Murat Su, which rises north of Lake Van, almost in the shadow
of Mount Ararat, crosses the area from east to west to join the Euphrates
400 km away. Lake Van, which lies at 1 720 m above sea level is about 130 km
long from east-north-east to west-south-west and about 56 km across at its
widest point. It has no outlet. Mount Ararat, a volcanic cone rising to
5,156 m is the loftiest of the Agra Dag group on the frontier of Soviet
Armenia south of Erivan.

Climate

The average annual temperature in Turkey varies between 18-20°C on the
south coast, falls to 14-15°C on the west coast, and in the interior areas
fluctuates between 4-18°C. While the weather is hot, 27°C or more, on the
Mediterranean and Aegean coasts during the two hottest months of summer -July
and August- it is cooler on the Marmara and Black Sea coasts and consequently
the mean temperature falls to 22-24°C. Most of the interior regions are
subject to hot summers. However in the north-east of the East Anatolian
plateaux and on the slopes of mountains, cooler summers are noted. During the
coldest months of the winter, January and February, there are substantial
variations in temperature between the coastal and interior regions. The south
coast of Turkey is usually warm and the mean temperature varies between
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8-12°C. On the north and west coasts of Turkey, the mean January temperature
varies from 5-7°C while East Anatolia and the interior parts of Turkey are
subject to cold winters with average temperatures between 0 and -10°C in
winter.

Generally in Turkey heavy rainfalls are observed on the slopes of
mountains facing the seas, but moving towards the interior areas the rainfall
gradually becomes less. Autumn marks the start of the rainy season which
continues until late spring on the Marmara, Mediterranean and Aegean coasts.
The Black Sea coast receives rain throughout the year. In the interior areas
and in Southeast Anatolia rainfall mostly occurs in spring. In the east the
winters are usually dry and rainfall occurs in spring and summer. Although
the north of Anatolia is usually humid and rainy, the west and south coasts
being near the sea are humid but receive little rain during summer.

Geographical
Regions

Mediterranean
Eastern Anatolia
Aegean
S. Eastern Anatolia
Central Anatolia
Black Sea
Marmara

Average
Temperature
(centigrade)

17.1
9.3
15.2
16.3
10.9
12.6
13.8

Average
humidity
(percent)

69
60
69
52
62
72
73

Average
precipitation
(millimeters)

776.8
559.9
646.8
575.7
381.7
781.0
668.2

3. Administration and Other Statistics

Population

Population: As of 26 October 1975 census:
40,197,670 (Urban 41.8%,
rural 58.2%)

Density: 53 people per km2

Population in 1980 45,442,000 (Urban 501,
(estimate) rural 50%)

The main cities are Istambul (estimated population 4.9 million), Ankara
(the capital, 3.2 million) and Izmir.
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Central Administration

Capital:

Provinces:

Districts:

Sub-districts
and villages:

Ankara

67, each governed by a Vali, appointed by the
Ministry of Interior

572, each governed by a Kaymakam, appointed by
the Ministry of Interior

35 995
Sub-districts: each governed by a Nahiye
Mudu'ru, who is appointed.
Villages: each administered by a Muhtar
(Headman) and Ihtiyar Heyeti (Council of Elders)
all elected by the people.

Economy

Economic data are tabled in the Appendix of this report under the
following headings:

1. Economic Active Population
2. Gross National Product
3. Unemployment Rate
4. Average Daily Wages
5. Wholesale Price Index
6. Cost of Living Index
7. Cost of Living Annual Increases
8. Consumer Price Index
9. Consumer Prices Annual Increases

10. Transportation
11. Rate of Schooling.

4. Geological and Other Maps Available

Geological and Tectonic Maps of Turkey

Since its foundation, the M.T.A. has been continuously and
systematically working on the geological problems and on the preparation of
various-sealed geological and tectonic maps of Turkey. The main geological
maps prepared to date are:

- 1:800 000 scale Geological and Tectonic Map of Turkey: The
preparation of this map consisting of eight sheets was started in
1941 and was completed and published in 1946.
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- 1:100 000 scale Geological Map of Turkey: This map consists of
444 sheets and was completed in eight years from 1946 to 1954.

- 1:500 000 scale Geological Map of Turkey: This map consists of 18
sheets. The revision and the compilation were started in 1955.
These sheets were printed in 1961-1966 period. Explanatory texts
for 14 of the sheets have been published under separate cover.

- 1:25 000 scale Geological Map of Turkey: Preparation of this map
was started in 1963, and the legend of the map was printed first.
The accompanying technical literature is printed in Turkish,
English, French and German. Sixty-five sheets out of the 5 557
sheets that constitute this map were completed by the end of 1965.
In 1966 the mapping activities were speeded up, while giving
priority to the areas which were thought to be promising from the
mineral and petroleum points of view. By the end of 1974, 1/3 of
this map was completed.

- 1:50 000 and 1:100 000 scale Geological Maps of Turkey: These maps
were prepared by making use of the 1:25 000 scale geological map.
They are presently being printed, and already part of the 1:50 000
scale geological map covering about 3 000 km^ has been published.

- Geological maps at various scales: 1:500 000 scale Geologic Map of
Turkey and 1:25 000 scale Geological, Metamorphic and Tectonic Map
of Turkey were prepared and are being printed in compliance with
International standards and legends, while 1:250 000 scale and
1:100 000 scale geological maps of Turkey are also being prepared.

Geophysical Maps of Turkey

The first geophysical studies began in 1938. Since then the Institute
has acquired the modern machinery and equipment necessary for various
geophysical studies, so that presently it can carry out every type of
geophysical survey. Besides the mineral exploration work, various gravimetric
and magnetometric surveys on a regional scale are also carried out by the
Institute, in order to investigate the tectonic structure of Turkey, to
determine the major fault zones which are not visible on the surface, and to
determine the extension of the magnetic masses in the basins covered by the
younger strata. Another aim of these studies is to prepare the gravimetric
and magnetometric maps of Turkey at various scales and to make them available
to every one interested. As a result of the work carried out up to now, 44.1%
of magnetic and 41.1% of gravimetric surveys of Turkey have been completed.

Metallogenic Map of Turkey

The 1:2 500 000 scale Metallogenic Map of Turkey -excluding petroleum,
coal and industrial raw materials- shows the origin of the ore deposits and
their relationships. This map is included in the European section of the
1:2 500 000 scale World Metallogenic Map.
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Mineral Inventories of Turkey

Since its foundation the Institute has prepared inventories on the raw
material resources of Turkey and has submitted them for the use of interested
parties in the form of reports and publications. By the end of 1974, there
were more than 11 000 geological, prospecting and investigation reports in the
Institute's archives. In 1963, the Institute published a book entitled "Index
of Known Mineral Occurences" in which the locations of the mineral deposits in
Turkey are given and references are made to the related reports. In 1975 a
summary iventory was published under the name of "General Inventory of the
Mineral Deposits and Other Underground Resources of Turkey".

In addition, the Institute has prepared and published inventories for
each mineral according to its location in the various administrative divisions
of Turkey. These publications are as follows: Iron Ore Deposits of Turkey
(1964), Manganese Deposits of Turkey (1965), Asbestos, Magr site, Sepiolite,
Talc and Vermiculite Deposits of Turkey (1965), Bnery and iJiasporite Deposits
of Turkey (1965), Pyrite and Sulphur Deposits of Turkey (1965), Wolfram and
Molybdenum Deposits of Turkey (1965), Arsenic, Mercury, Antimony and Gold
Deposits of Turkey (1965), Main Aluminium Ores in Turkey (1966), Chromite
Deposits of Turkey (1966), Copper, Lead and Zinc Deposits of Turkey (1966),
Marble Inventory of Turkey (1966), Mining Activities and Statistics in Turkey
(1969), Mercury Inventory of Turkey (196r>, Iron Ore Inventory of Turkey
(1971), Mining Activities and Statistics in Turkey (1974), Asbestos Inventory
of Turkey (1975).

Moreover, inventories of the following minerals are available, by
province, in the archives of the Institute, in the form of reports which are
in the process of being published, under a special programme: Boron Inventory
of Turkey, Bauxite Inventory of Turkey, Manganese Inventory of Turkey, Copper
Inventory of Turkey, Antimony Inventory of Turkey, Graphite Inventory of
Turkey, Arsenic Inventory of Turkey, Iron Oxide Paints Inventory of Turkey,
Pyrite Inventory of Turkey, Sulphur Inventory of Turkey, Mica Inventory of
Turkey, Fluorite Inventory of Turkey, Wolfram Inventory and Mineral Inventory
of Turkey. These reports are available to the public.

Topographic Maps and Air Photographs

The whole of Turkey has been mapped on scales of 1:500 000, 1:250 000,
1:100 000, 1:25 000. The first two are available to the public. The last two
are not generally available for security reasons, but can be borrowed from the
army.

Air photographs at a scale of 1:35 000 are also not generally
available, but some of them are available from the army.

5. Mining Industry and Relevant Acts

A high proportion of the Turkish mining industry is conducted by the
state-owned ETIBANK. Some of the most important products are alumina,
aluminium, ferro-chromium, mercury, borax, colemanite, bauxite, sulphuric
acid, sulphur, lead-zinc concentrates, phosphate rock concentrates, scheelite
concentrate, and perlite products.



Apart from ETIBANK, sixty-three private companies were listed in the
booklet made available to the Mining Congress in Istanbul in 1979. Their
products include more than twenty different minerals. The names of these
companies, their products, known mineral reserves, mineral production, and raw
materials trade in Turkey are tabled in the Appendix of this report.

An abstract of the Mining Act N° 6309 is also attached in the Appendix.

6. Administrative Bodies concerned with the Regulation of
Geological and Mining Activities including those of Uranium

At present, the ultimate responsibility for all aspects of geology,
mining, and energy rests with the Ministry of Energy and Natural Resources.
Under this Ministry, MTA is responsible for all activities of mineral
exploration and scientific and geological investigations.

The N.E.D. (Department of Nuclear Energy) of the T.E.K. (Turkish
Electricity Authority) is also under the Ministry of Energy and Natural
Resources, and is responsible for the preparation and development of the
present and future plans for nuclear power stations in Turkey. The AEC
(Atomic Energy Commission) is under the control of the Deputy Prime Minister,
and is responsible for nuclear security, licensing, and research on nuclear
subjects.

A high proportion of the Turkish mining industry is conducted by the
state-owned Etibank. Among its key objectives are the development of the
nation's mineral resources, and the provision of electrical power.

Present uranium exploration activities are being conducted by MTA.
When MTA discovers economic uranium ore deposits, the mining will be done by
Etibank.

Additional details on the AEC, MTA and Etibank are to be found in the
Appendix.

C. GEOLOGICAL REVIBff OF, TUMEY

1. Introduction

The geology of Turkey is dominated by Tertiary and post-Tertiary rocks
which are very widespread, but extensive outcrops of Mesozoic rocks also
occur. Palaeozoic rocks, mainly gneisses, mica schists and quartzites occur
in the ancient massifs, principally the Istranca Massif in Thrace, the
Menderes Massif in Western Anatolia and the Kirsehir Massif in Central
Anatolia. Other smaller areas of crystalline schists occur at Uludag (Bursa)
Eskisehir, Balikesir, Canakkale and Kazdag.
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The Alpine geosyncline extending across Europe and Asia through Turkey-
is an important factor in the geology of the country. In Tlirkey this
geosyncline was confined between the Arabian block to the south and the
Russian platform to the north. During Alpine folding, two main wings were
formed, separated by the vast Anatolian plain. The two wings are not clearly
separated in the west, where a network of secondary folds interrupted by
massifs and depressions extended between them. Vertical movements (Neogene to
Quartenary) were more pronounced than in the border areas of the main
geosyncline and created fault channels for the eruption of volcanic rocks.
Six tectonic units, roughly parallel to the long axis of the country are
recognized. Proceeding from north to south, these are the Pontides along the
Black Sea coastal lands, the Anatolides, the Intermediate Zone covering the
Anatolian plateau and the western areas, the Taurides, the Iranides and the
Border Folds on the southern land boundary with Syria and Iraq.

Igneous rocks are very important in the geology of ^urkey and were both
injected and expelled during the pre-Alpine, Alpine and post-Alpine periods.
Pre-Alpine rocks, observed principally in the Intermediate Zone, are mainly
granites and orthos-gneiss and at Kirsehire they are the main hosts for the
radioactive anomalies and uranium occurrences. Igneous rocks of Alpine age
(Jurassic to Eocene) range from ultra-basic to acid, although the latter are
rare. Post-Alpine igneous rocks, closely ^elated to faulting (cratogenic)
movements are also widely distributed in llirkey. They consist of Eocene
basalts, Oligocene and Miocene andesites, trachytes and rhyolitcs and
Quarternary basalts.

Most mineral deposits are independent of the post-Alpine igneous
activity but are closely connected with Mesozoic and Eocene Alpine intrusions
and extrusions. Deposits of pre-Alpine origin would have been more or less
destroyed during the Alpine orogeny.

2. Geology and Stratigraphy (see Fig. 3: Geological Map of Turkey in
PocketJ

(a) Crystalline Basement Rocks

In Turkey, crystalline rocks are found in four major areas:

1. The Istranca Massif in Thrace
2. The Menderes Massif in South-western Anatolia
3. The Kirsehir Massif in Central Anatolia
4. The Bitlis Massif in South-eastern Anatolia.

In addition there are numerous smaller crystalline massifs.

The classification of the crystalline schists of Turkey with respect to
age and origin is still in its infancy, due to a limited number of
petrological investigations and radiometric dates. A clear separation of the
metamorphites into Cryptozoic and Phanerozoic units is not yet possible. So
far, the gneisses and amphibolites of the Bitlis Massif and the gneiss of the
Istranca Massif are the only rocks in Turkey whose age can tentatively be
assigned as Precambrian.
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Many more radiometric dates are available for the Phanerozoic than for
the Cryptozoic epoch. In fact, in many cases it is not clear yet whether the
data are applicable to the age of origin, of regional metamorphism, or of a
later reheating. Geological observation indicates, however, that metamorphic
phases and intrusions of Variscan and Alpidic origin have definitely taken
place. Accordingly, at least three periods of regional metamorphism can be
distinguished in Turkey; an Early Palaeozoic or pre-Palaeozoic, a Variscan,
and an Alpidic period. (Fig 4)

(b) Infracambrian and Cambrian

The base of the Cambrian in Turkey consists of unmetamorphosed rocks
which are considered Precambrian/Cambrian transition beds. Similar rocks
occur in Iran.

The oldest Cambrian sediments are probably found in South-east
Anatolia. There the red beds might represent the evaporite-free marginal
facies of the Iranian evaporation basin, where the Honnuz salt series was
precipitated. They belong to the Lowest Cambrian or even the Upper
Proterozoic. The basin may have been the embryonic stage of the Cambrian
Tethyan geosyncline and at the same time the starting point of the Cambrian
transgression in Asia Minor.

So far, the existence of the Cambrian Tethys can only be proven for the
southern part of Anatolia. There, a miogeosyncline existed until Ordovician
time with 1 000 to 2 000 m thick sediments which include a few lava beds.
Marine Cambrian could be expected in Northern Anatolia as Cambrian beds are
present in the High Caucasus and in the Balkan Mountains, It is possible that
the lower part of the red beds of the North-west Anatolian "Ordovician" is of
Cambrian age.

(c) Ordovician

Although occurrences of Ordovician rocks are still sparse in Turkey, a
symmetrical arrangement of the facies is evident. Multicoloured,
coarser-clastic rocks of partly continental and partly littoral origin are
abundant in the north-western as well as in the south-eastern part of Turkey.
They are divided by a belt of uniform, fine sandy uarine sediments extending
from Kos in the west to Mardin in the east. The palaeogeographic framework
thus created was that of an east-west oriented strait, with shorelines on both
sides, that covered South Anatolia.. To the north it was bordered by an areaof
denudation, the Pontian land, situated in the present Black Sea. Its southern
shore along the Afro-Arabian craton was accompanied by a wide sandy zone which
extended from Syria across Israel and Jordan, to Iraq.

The thickness of the Ordovician strata corresponds to that of other
geosynclines, they exceed 1000 m in the marine as well as in the continental
facies. Volcanic activity was almost non-existent.

(d) Silurian

The distribution of the Ordovician and the Silurian in Turkey are
similar in so far as both systems are almost missing in Central Anatolia. The
question has to remain open as to whether this phenomenon was caused by a gap
in sedimentation, by later erosion or by regional Caledonian metamorphism.
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FIGURE 4
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U.S.S.R.

IRAQ

I . . ,„,„„ y ^1-— „ u,"*i-, t

Zones 1 and 3 are shaded. (After Tlhan 1974
Geol. Soc. London, Spsc. Puol. no 4 p. 188

LEGEND

Axial trends

Major Faults

Thrust

Areas of Alpine Orogeny

Regions of Caledonian
and Hercynian Orogeny

A
- 18 -

Volcanism active in
Quarternary and Neogene time



The facies pattern of the Silurian reflects to a certain extent that of
the Ordovician. Where littoral or continental multicoloured sediments are
abundant in the Ordovician system, neritic conditions were dominant in the
Silurian system. Where sediments of a shallow sea were deposited in the
Ordovician graptolite shales were formed, at least during the earlier Silurian
epoch. The major structural framework in Turkey, therefore, remained almost
unchanged from the Ordovician to the Silurian, the whole area simply subsided
during the Silurian. It was not until the end of the Silurian period that a
change took place. Bathyal sediments of late Ludlovian age are found on
Kocaeli, while coquina limestone is present in the Antitaurus.

The thickness of the Silurian beds is about 500 m, which is less than
that of other Palaeozoic systems. Flyschoid sediments as well as volcanic
intercalations are missing. The geosynclinal subsidence was relatively slow.

The palaeobiogeographic relations remained the same as before. The
Silurian as well as the Ordovician marine fauna of Turkey is closely related
to that of Europe.

(e) Devonian

The Devonian system is considerably more widespread than the Lower
Palaeozoic, and this is particularly true for Central Anatolia.

One of the symptoms of the Caledonian tectogenesis was a considerable
regression at the Silurian-Devonian boundary. A continuity of marine deposits
beyond that boundary in Turkey is known so far only on Kocaeli and in the
Antitaurus. Otherwise, the Emsian stage or Upper Devonian sediments are
transgressive in many places. It is not clear whether the entire area had
been flooded at the end of the Devonian period. If islands had remained in
Central Anatolia their extent was not so large as to impair the exchange of
fauna between the north-western and southern parts of Anatolia.

The thickness of the Devonian strata is approximately 1 500 m. Diabase
sheets and tuffs are more abundant than in previous times particularly in the
Antitaurus.

The Variscan mountain building is shown in Fig. 5.

(f) Carboniferous

The Carboniferous system in Turkey is dominated by strong differences
in facies. As in Central Europe, the profile of North-west Anatolia can be
subdivided into two complexes. The Lower Carboniferous is of marine origin
and developed partly as Culm, and partly as Carboniferous limestone. The
Upper Carboniferous is continental and contains coals beds. In the southern
part of Turkey, and in the remainder of the Near East, the entire
Carboniferous system is composed of calcareous sediments deposited in a
shallow sea. Isolated basic or acid volcanites and tuffs are intercalated in
places.
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(g) Permian

During the Permian, the distribution of land and sea in the Near East
was an almost complete reversal of that of today. Anatolia was almost
entirely covered by water.

The northern and southern shorelines of that sea coincided
approximately with the present coastlines in a reversed sense. The Pontian
land to which also belonged a narrow strip of North Anatolia, was situated
where the Black Sea is now.

The Permian Tethyan geosyncline was of simple shape. Until the end of
the Early Permian epoch, the Orhanlar flysch trough was a special unit.
During the Late Permian, the facies and thickness of the sediments throughout
Anatolia were rather uniform. Basic volcanites are present in the flysch
trough, whereas they are quite rare in the calcareous sequences.

At the beginning of the Permian, the late Palaeozoic regression seems
to have been at its peak. From then on, a reversal took place. Upper Permian
marine sediments overlap the north and the south of Turkey. Shortly before
the close of the Permian, a general shrinking process set in, in as much as
equivalents of the late Djulfian stage have not so far been found in Turkey.

(h) Triassic

The beginning of the Mesozoic area in Turkey, and in the remaining
Mediterranean region, is characterized by a stratigraph break. Lowermost
Seyhan marine deposits are unknown but appear farther east in Armenia and
Iran. The Triassic transgression of Turkey must have started from that
direction.

During the Triassic period, the Alpidic geosynclines were formed on the
broad floor of the Tethys which covered the eastern Mediterranean and Near
East area. During the Triassic transgression, the Pontian geosyncline
progressed from Bulgaria, along the Anatolian coast of the Black Sea, to the
east, at least as far as Inebolu. The geosyncline in the western Taurus
gained its shape, its central part turned into a deep trench with strong
submarine volcanicity giving an ophiolite trough.

(i) Jurassic

In Turkey, the Jurassic and Triassic systems are generally separated by
a regression. At the beginning of the Liassic stage the major part of the
country was dry. Only the West Anatolian coast, the geosyncline of the
western Taurus, and Southeast Anatolia remained under water beyond the
Triassic-Jurassic boundary. But even here, short-lived regressions occurred,
as shown by the profiles near Beysehir and Hazro.

IXiring the Jurassic period, two transgressions took place which were
interrupted by an interval of receding shorelines. The Liassic transgression
flooded only parts of Turkey, in Thracia and Central Anatolia land masses
remained. The outline of a Central Anatolian island, comprising the
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present-day Kirsehir Massif and the subsurface of the Tuz Gold Basin, can be
traced by the Liassic littoral deposits near Ankara and at the Sultan Dag
respectively. It is probable that there were other smaller islands as, for
instance, in the region of the Ulu Dag. The Liassic transgression reached its
peak during the Domerian-Toarcian stage. Then the sea receded, especially
during the Bajocian stage. The second Jurassic transgression started in the
Bathonian and lasted until the Kimmeridgian. Judged by the generally uniform
facies of the Malm, the major part of l\irkey must have subsided below sea
level. However, it is possible that lands with low relief might have existed
in the place of the Menderes, Kirsehir, and Bitlis Massifs.

(j) Cretaceous

In general, the Cretaceous strata of Turkey are conformable with the
Jurassic and Tertiary rocks. The Cretaceous period, however, is divisible
into three natural stages by two important tectogeneses, che Austrian phase at
the turn of the Lower to the Upper Cretaceous, and the Ressen phase in the
Campanian. The Lower Cretaceous represented a continuation of the Malm. The
sediments and palaeogeography were only slightly modified. At the end of the
Early Cretaceous epoch, the sea receded, and bauxites appeared at several
places; at Karaburun, the western Taurus, near Mersin and at Iskendurun. The
Upper Cretaceous started with a transgression which lasted until the
Santonian. It affected the north-western, central and south-eastern parts of
Anatolia, as well as parts of the Taurus geosyncline. In the Pontian
geosyncline, at the same time, the water depth increased and the flysch
sedimentation began. After a short recession of the shoreline, a renewed
advance took place during the late Campanian-Maestrichtian which marked the
greatest expansion of the Cretaceous sea in Turkey.

On the whole, during the Cretaceous period, the intensity of the
epirogenic, tectogenic and magmatic processes was increasing. The sediment
facies became more varied, and the palaeogeographic map changed faster.
Submarine volcanism was more widespread in the geosynclinal as well as in the
shelf areas.

(k) Tertiary

During the Cainozoic period, the geologic development of Turkey
progressed rapidly towards the present conditions. The progress was
accentuated by several important tectogenic phases. Three stage can be
distinguished:

(i) The first stage from Upper Campaninan to Eocene time, followed the
tectonic and palaeogeographic conditions of the Cretaceous period. The Outer
Pontian eugeosyncline ran parallel to the northern coast of Anatolia. Towards
the north, it became shallower and turned into an epicontinental sea which
reached across the present Black Sea to the Ukraine. Its east-west extension
is confirmed by identical species of fish found in Thracia and at Erzurum.
South of the eugeosyncline, in Central Anatolia, the Ressen phase had created
a geanticline, the major part of which was land in Palaeocene time. During
the Palaeogene, it became subdivided into a series of basins and uplift
areas. The deepest basins formed in the Tuz Gold region and in the eastern
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part of Central Anatolia. The Menderes and Kirsehir Massifs represent the
most important uplift areas which remained, at least partially above sea level
even during the Middle Eocene transgression. In South Anatolia, the
geosyncline of the western Taurus and the Southeast Anatolian ophiolite trough
existed until the early Tertiary.

Tectogenic movements then commenced. The development of the South-east
Anatolian trough came to an end with the Laramian phase. The Pyrenean phase
formed the Inner Taurides in South Anatolia. At that time, the Outer Pontides
were folded along the Black Sea Coast.

(ii) At the beginning of the second stage, during Oligocence time, the
geographic map of Turkey resembled the present one in many aspects. The
Mediterranean and the Black Sea were connected by a strait. To the north and
south, Anatolia was surrounded by border mountains which embraced an inner
area of subsidence comparable to the present Tuz GolO Basin. At that time,
however, the eastern part of Anatolia was topographically lower than the
western part. The Oligocene red beds as well as the marine Miocene strata
were almost entirely restricted to the east.

Hiring the Miocene epoch, probably during the Styrian phase, the
unfolded part of the Taurus geosyncline was thrust and the Outer Taurides
formed. Crustal movements also occurred in Central Anatolia. Here, as in
Palaeogene times, their intensity was a function of the thickness of the
sediments.

(iii) During the third stage, lasting from late Miocene to the present,
today's topography became established. West Anatolia subsided and one part
was submerged beneath the Aegean Sea. Eastern Anatolia rose, and the Miocene
sea receded. The uplift of South-east Anatolia and northern Syria severed the
connection between the Mediterranean Sea and the Indian Ocean. Thus the
Tethys vanished in late Miocene.

A parallel development can be seen in the volcanism. Up to Eocene
time, it was chiefly connected with the geosynclines. Starting with the
Miocene, it began to spread aieally across the country. The chemistry did not
change significantly and intermediate calc-alkalic lavas prevailed throughout
the Tertiary.

3. Tectogenesis and Metamorphism

The Caledonian and Variscan mountain-building in Turkey took place only
during a few phases and in a limited area. The Alpidic folding in contrast
seized almost the entire country, although in varying manner and intensity.
Its numerous phases continued throughout the Mesozoic and Cainozoic .

The geosynclines of the Alpidic orogeny were more varied than those of
the Variscan one. During the Palaeozoic the geosynclines were almost
exclusively of the miogeosynclinal type. The Mesozoic-Cainozoic geosynclines
can be grouped into three types: miogeosynclines; normal eugeosynclines; and
ophiolitic eugeosynclines. In Anatolia, Alpidic miogeosynclines are rare.
Ophiolitic eugeosynclines are more important.

- 23 -



The Alpidic tectogenetic phases in Turkey fall into four groups
according to their temporal and spatial distribution: Early Alpidic group
(Triassic to Jurassic); Middle Alpidic group (Cretaceous to Palaeocene);
Young Alpidic group (Eocene to Pliocene); and Late Alpidic group (Late
Tertiary to Anaternanes)

D. OCCURRENCES OF URANIUM (See Fig. 6)

Although numerous radioactive anomalies have been found in Turkey since
1953, when MTA started uranium exploration programmes, until now only a small
number of them have been checked in detail. A total of 58^ radioactive
anomalies have been listed as existing in the 600 500 km7 of eastern and
central Turkey surveyed by MTA in the period 1953 to 19t»3. This figure must,
however, be regarded as an approximation because many anomalies are multiple
and somewhat difficult to define and in areas of high density, exact numbers
are not easy to distinguish.

In terms of host rock the anomal^ ,s have been subdivided as follows:

(1) Plutonic Igneous Rocks; 44 anomalies, or 7.5% of the total, are
associated with granites.

(2) Volcanic Igneous Rocks: One hundred and forty anomalies or 24.0% are
associated with volcanic igneous rocks or volcanic tuffs.

(3) Sedimentary Rocks: Radioactive anomalies occurring in sedimentary
rocks amount to 168 or 28.8%. The majority of these, 104 are located
in Neogene formations. Anomalies are rare in pre-
Cretaceous rocks.

(4) Metamorphic Rocks: The greatest number of anomalies, 232 or 39.7% are
found in metamorphic rocks and 175 of these are in Palaeozoic gneiss or
schist in the ancient massifs, particularly the Menderes Massif of
Western Turkey.

The term "radioactive anomaly" means any point or limited surface area
where the recorded radioactivity is at least 2.5 times the normal background
activity of the surrounding host rocks, as measured by Geiger counter or
scintillometer.

Among these radioactive anomalies, some of them have been followed up
in the surface by MTA, and several uranium deposits or occurrences have been
discovered. These deposits and occurrences are listed in Table 1.





1.

Uranium Deposits

Menderes Massif
A/ North Menderes Massif

(i) Koprubasi Area
Kasar deposit
Cetinbas deposit
Yardere deposit
Topalli deposit
Kayran deposit
Kocabogaz deposit
Tomasa deposit
Ttilluce deposit
Ecinlitas deposit
Kodacuz deposit
Tasharman deposit

Table 1

and Occurrences in Turkey

Tonnes

(sediment, surface)
(sediment, surface)
(sediment, surface)
(sediment, surface)
(sediment, surface)
(sediment, surface^
(sediment, surface^
(sediment, surface)
(sediment, sub-surface)
(limestone, surface)
(phosphate, surface)

Resources
estimated
by MTA
UTOQ

548
247
191
230
80
26
19
11
500
448
753

(ii) Alasehir-Yesilyurt Area
Alasehir Occurrence (sediment, surface)

(iii) Cure Area
Fakili deposit

(iv) Goncek Area
Goncek occurrence

(sediment, surface)

(fracture)

510

B/ South Menderes Massif
(i) Demirtepe-Cavdar deposit (hematite zone)
(ii) Kisir-Osmankuyu deposit (vein)
(iii) Kargicak deposit (Gn-Sch contact)
(iv) Karacahayit occurrence (contact vein)
(v) Kocakovanlik occurrence (Qz breccia)
(vi) KoQarli (Kuciikcavdar) deposit

(sediment, surface)
(vii) Gokgedik occurrence (sediment, surface)
(viii) Turgut River Bridge occurrence

(sediment, surface)

1300
15
3

500

2.

3.

Western Turkey
(i) Kiicukkuyu deposit
(ii) Ahmetci occurrence

Central Anatolia
(i) Sorgun Area
(ii) Ostasoken occurrence

4. Northeastern Turkey
(i) Sebinkarahisar deposit

5. Other
(i) Karakaya occurrence (vein)

(volcanics, surface)
(volcanics, surface)

(sediment, surface)
(fracture)

(sediment, surface)

250

2500

300
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1. Menderes Massif

General Geology of the Menderes Massif (See Fig 7 and 8)

The western, and best known part of the Menderes Massif consists of
several dome-sliaped uplifts, the largest of which extends on either side of the
BiiyCik Menderes river. North of that area, there are smaller uplifts, along the
Kiicuk Menderes river, the upper Gediz river, and in the Egrigoz-Karakoca
mountains. The core of these domes is formed by augen gneiss, and is
surrounded by rocks which in the lower levels consist mostly of mica schist,
phyllite, and metaquartzite, and in the upper levels mainly of marble. Along
the southern slope of the Massif the marble contains lenses of
diaspore-hematite or corundum-magnetite, which can best be interpreted as
metamorphosed bauxite deposits.

In the centre of the domes, the augen gneiss is coarsely crystalline and
even massive. Towards the edges it takes on a more schistose and fine-grained
texture. In the southern as well as in the northern part of the Menderes
Massif the foliation planes of the gneiss and the schist synclines within the
gneiss have a north north-east direction. This structural trend especially in
the southern core strongly contrasts with the periclinal dip in the schist
mantle. The augen gneiss has inherited its foliation from a previously folded
sequence and was subsequently covered by the schists of the mantle.

In general, the augen gneiss is regarded as an anatexite. It originated
from sediments and from magmatic rocks. In places, the augen gneiss is
intrusive in the schist mantle. The contact is sharp and often characterized
by tourmalinization. Blocks of schist are found floating in the gneiss, and
gneiss veins have penetrated the schist. In other places, a gradual transition
from schist to gneiss caused by an increasing feldspathization has developed.

Contrary to these relationships it has been observed that the schists
surrounding the gneissic cores consist prevalently of metamorphic rocks of
greenschist facies. The schist enveloping the southern gneissic core at its
contact belongs to the quartz-albite-epidote-almandite subfacies. Going
outward, it is overlain by the lower metaniorphic zones of the Barrow sequence.
Schistose rocks of amphibolite facies are rare. They occupy synclines in the
southern gneissic core and form narrow seams around the middle and northern
gneissic cores.

The Menderes Massif therefore represents a crystalline complex, its core
being of lowest Palaeozoic or of Cryptozoic age. The schists of the mantle are
derived from Lower Palaeozoic, and the marbles from Upper Palaeozoic and
Mesozoic sediments. The Massif was subjected to several metamorphic events.
The one prior to the last metamorphism, probably a Jurassic phase, affected the
entire Massif, and in the core anatexis took place. The last, post-Cretaceous
phase was on the whole retrograde.

The eastern part of the Massif has so far been little studied and it is
questionable whether the Sultan Dag should be included in the Menderes Massif.
Here, the metamorphism as well as the folding are pre-Triassic. Such a
metamorphic hiatus coupled with a Late Variscan tectogenesis has never been
shown for the western pait of the Massif.
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GEOTECTONIC MAP OF WESTERN ANATOLIA, SHOWING ITS
STRUCTURAL STAGES
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CRYSTALLINE ROCKS AND THEIR METAMORPHIC FACIES IN

THE MENDERES MASSIF, SOUTHWESTERN ANATOLIA ( after
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The uranium project area covers some 3 000 km 2 and lies 100 to 200 km
north north-east of Izmir. It is generally marked by highland areas of
pre-Tertiary metamorphic rocks of the Menderes Massif with foothills and
lowland areas of Neogene sediments. Volcanics are interbedded with, and
locally cap, the fluviatile and lacustrine sediments. Quarternary volcanism
is evident at several localities. The area is characterized by a generally
mature topography that in places is deeply incised by youthful streams.
Although little is known of the origin of the Neogene sediments, it is clear
that they were derived largely from outside their local basin of deposition
and that their principal provenance was a metamorphic terrain not far away.
The metamorphics in the highlands contributed coarse elastics and boulder
conglomerates. The present and palaeo surface of the metamorphics consist of
a regolith, in parts more than 10 m thick. The zone is marked by occasional
giant boulders and finer detritus which affords an excellent contact aquifer.

The Lower-Neogene sequence in the area is composed largely of
fluviatile elastics, mainly interbedded sandstones and Iiales with minor
tuffaceous beds and some non-persistent conglomerate consisting of gneiss or
quartz clasts, with common identifiable gneiss fragments. The sequence is
slightly arkosic. The sequence is noticeably lacking in heavy black detrital
minerals, but black tourmaline, biotite and garnet may be locally common and
mica is common throughout much of the section. The Upper Neogene consists
mainly of lacustrine sediments, which include extensive limestones, locally
interbedded with tuffs and other volranics.

The sandstone uranium deposits nearly all lie in the lower unit. Only
a lean phosphatic carbonate deposit and a small lean phosphatic concentration
is known in the Upper Neogene. The sediments are characterized by dips of
less than 5°. A few faults, with displacements of up to 30 m have been
observed.

Ore horizons and resources of the deposits are as follows:

Kasar deposit

Cetinbas deposit

Yardere deposit

Topalli deposit

Kayran deposit

Kocabogaz deposit

Tomasa deposit

Tulliice deposit

Ecinlitas deposit

Kocadtiz deposit

Tasharman deposit

Tonnes

Lower unit sandstone, surface 548

Lower unit sandstone, surface 247

Lower unit sandstone, surface 191

Lower unit sandstone, surface 230

Lower unit sandstone, surface 80

Lower unit sandstone, surface 26

Lower unit sandstone, surface 19

Lower unit sandstone, surface 11

Lower unit sandstone, sub-surface 500

Upper unit limestone, surface 448

Upper unit phosphate, surface 753
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The main surface deposit in sandstones is the Kasar deposit. This
deposit is located about 6 km north of the small town of Koprtibasi in rolling
but fairly steeply eroded agricultural country. The occurrence was discovered
by ground prospecting in 1961 which was done as part of a follow-up programme
to the checking of aerial anomalies discovered some distance to the north of
Kasar.

The Kasar deposit consists of secondary uranium mineralization
(meta-autunite, autunite with some torbernite), in loosely consolidated sands,
gravels, silts and clays of Neogene age. The average thickness of the ore
horizon is 4 m and the average depth of the barren overburden is 8 m.

Since mid-1962 the area has been subjected to intensive trenching,
drilling and shaft sinking. The estimated reserves are 548 tonnes

The first "black ore" deposit to be discovered in the area was that at
Ecinlitas, found by drilling in 1975-1976.

(a) North Menderes Massif

(i) Kopriibasi Area (See Fig. 9, 10, and 11)

The Kopriibasi area is in a topographic basin roughly 25 km long and 10
km wide which contains continental sediments of Neogene age. The Neogene
Basin fill is bounded by pre-Tertiary gneiss and schist which is exposed by
erosion at the lower end and on the low mountains at either side. The upper
end of the basin is constricted by late and post-Neogene volcanics. The
Neogene sediments dip generally less than 5 degrees and faulting is minor,
with displacements, which are always vertical, measuring less than 30 metres.

It is characteristic of the Lower Neogene sediments of the Koprtibasi
area that there is a general scarcity of carbonaceous material and iron
minerals, and that the sediments have a generally non-descript aspect as
compared to rocks of uranium-producing districts elsewhere. Thicknesses of
sandstone and of mudstone are measured in tens of metres. They are commonly
encountered by drilling but the units are non-persistent. Extensive
interbedding of conglomerate, sandstone, and mudstone is noted in outcrop and
in the sub-surface but even the thickest mudstones are not extensive enough to
provide a persistent basal confining unit or "bottom" that defines an aquifer.

Carbonaceous material is never seen in sandstones in outcrop and rarely
is it logged in cuttings. Carbonaceous shales are rare and in outcrop their
influence is severly limited. Probably as a result of the deficiency in
carbon, pyrite is neither a common nor an abundant constituent of the Lower
Neogene rocks. It may however be present locally. The only iron staining in
the area is associated with faults.

The colour of most of the Lower Neogene area is drab yellowish - grey
or greyish-yellow-green. In outcrop the sands are characteristically dusky
yellow. Greys are rarely seen except very near mineralized ground. Most
importantly the greys are not well developed to indicate an extensive reduzate
facies for uranium. However, in spite of the unfavourable features, uranium
has been deposited in the area in sufficient quantities to be of economic
interest. (Fig. 12 and 13)
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Uranium was first discovered in the basin in 1960, but exploration in
the area was curtailed for several years until a UNDP project began in 1974.
The project, in the form of technical co-operation, was staffed by the Turkish
Government, through MTA, and by IAEA experts.

The uranium mineralisation in the Neogene sediments is concentrated in
lenses. Eleven deposits all in oxidized zones, that range in grades between
0.04% and 0.06% U^Og have been evaluated. Nine of the deposits exhibit
auturiite, torbernite and other oxide U minerals in the lower fluviatile
Neogene unit. The other two deposits, which are found in the upper lacustrine
unit, are characterized by carbonate and phosphate minerals.

(ii) Alasehir Area

This area lies about 120 km east of Izmir, 40 km southeast of the
Kopriibasi area. A large number of anomalies have been discovered in the
region in recent years.

The uranium occurrence was found in the northern side of the upper
valley of the Bniralem river which cuts through the Menderes Massif from west
to east. The geology of this area is just the same as that of the KoprCibasi
area. A Neogene sedimentary basin covering the crystalline rocks of the
Menderes Massif extends along the direction of flow of the Bniralem river.
The secondary uranium minerals (autunite) occur in greyish Miocene
sandstones. A drilling programme revealed a part of the uranium occurrence,
but the area has now been abandoned.

(iii) Giire Area

This area lies about 70 km east of the Kopriibasi area. A Neogene
sedimentary basin parallel to the Kopriibasi basin was developed in the area.
The uranium in this deposit is located in Neogene sediments, and it has been
confirmed by drilling to a thickness of up to 9 m. The total ore reserves of
the deposit estimated by MTA are 510 tonnes ^Og,

(iv) Other Occurrences

In the North Menderes Massif, radioactive anomalies with secondary
uranium mineralization have also been found in the Palaeozoic gneiss and
schist and traced to small fissure veins carrying secondary uranium minerals
at the surface. A few of these have been trenched to shallow depth but none
have been found to be of sufficient importance to warrant further
investigation.

The Goncek uranium occurrence is located about 10 km south-west of the
town of Bnet at the northern edge of the Massif. A fracture zone, following a
granite-schist contact, carries low grade but widespread radioactivity. The
contact has been intruded by irregular lenses of andesite, and has later been
silicified, and subjected to considerable fracturing and intrusion of
hematitic jasper and chalcedonic silica carrying pyrite, speclar iron, and
radioactive minerals. The strike length of the zone is at least 1 300 m and
varies in width up to 40 m.
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(b) South Menderes Massif (Fig. 14 in Pocket)

A large number of radioactive anomalies were discovered by MTA in the
South Menderes Massif in mountainous, wooded country lying to the south of the
Menderes river plain. In the area south of the town of Aydin there are more
than fifty anomalies, mainly in crystalline rocks though some occur in Neogene
sediments. MTA is still conducting ground follow surveys, but already several
good uranium occurrences have been reported as the result of the survey.
Among the most important are:

In Palaeozoic Schists and Gneisses:

(i) Demi rtepe-Cavdar

The uranium occurrence is located about 35 km sout .-west of the town of
Ayden in rough and hilly country. A deposit of hematite and other iron oxides
lies in an enclave of mica schist within a broad area of coarse and fine
grained gneiss. Lenses of the iron formation, some of which have been mined
in shallow open pits, are distributed over a horizontal distance of about
170 m. Irregular masses of silicified breccia, which are radioactive at the
surface, occur to the north of the hemat'.e lenses. Autunite and other
secondary uranium minerals occurred in this breccia. A drilling programme
indicated that the uranium mineralization at a depth of 200 m is related to
the gneiss-schist contact, rather than to the breccia. An adit crosscut,
140 m in length was put in from west to east, designed to cut the main
hematite lenses and favourable drill hole intersection. However the adit was
blocked up, and no summarized plan of the mine workings with sample widths and
assays could be found nor any summarized drill logs assay results in readily
identifiable form. The following interpretation is made from available and
identifiable sources.

An average grade of the mineralized parts in the surface and
underground crosscut is 0.085% l^Og and the average width of the zone
appears to be 3 m. There is about 160 km^ of mineralized ground outlined by
the adit workings.

The surface drill holes intersected very irregular uranium
mineralization down to a depth of about 100 m below the adit. All the
positive intersections are confined to a strike length of 250 m and an average
width of 20 m. The maximum depth of mineralized section is about 240 m. The
total reserve might be approximately 1 300 tonnes U3O8 contained in
45 000 tonnes of ore with an average grade of 0.11% u^Og.

(ii) Kisir-Osmankuyu

The uranium occurrence is located about 20 km south-
east of the town of Soke on a hill at the south side of the Menderes river
plain. Secondary minerals mainly consisting of autunite along outcrops of
narrow, shallow dipping fissure veins of the siliceous-pyrite-pitchblende type
have been encountered at shallow depth in coarse granite gneiss. The veins
strike NW-SE with a dip of 15° to 30° towards the NE showing an echelon
pattern. The veins are normally narrow limonitic stained fracture zones, with
or without quartz filling, up to 2 m in width, but usually in a very erratic
pattern.
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It was estimated from a drilling and trenching programme that the
deposits might contain 8,000 tonnes of ore with an average grade of 0.25% and
content of 15 tonnes U^Og.

(iii) Kargicak

The uranium occurrence is located a few kilometers north of the town of
Milas at the south side of the South Menderes Massif in hilly rough country.
Secondary uranium minerals occur along the contact zone between gneiss and
schist, which follows a NW-SE strike direction and dips at 60° to the
south-west, for the distance of about 40 m. A drilling programme assessed
that the mineralized zone extends downwards to a depth of 130 m with an
average width of 0.8 m and an average grade of 0.07% t^Og, which would
indicate a l^Og content for the occurrence of approximately 3 tonnes.

(iv) Karacahayit

The uranium occurrence is located near the village of that name a few
kilometers west of Kisir-Osmankuyu in the hills, and is of the same contact
vein type in schist. A small tonnage of high cost ore might be found at this
occurence, but the work done is insufficient to define any exact tonnage.

(v) Kocakovanlik

The uranium occurrence is located near Demirtepe, and is a very small
high grade secondary uranium mineralized occurrence in brecciated schist which
is invaded by quartz at the side of a quartz vein* No reserves can be
estimated.

In Neogene Sedimentc

(vi) Kocarli (KOctikcavdar)

The uranium is located 2 km east of the Demirtepe occurrence,, The
geological environment of the area is the same as that of the North Menderes
Massif area. The Neogene sedimentary basin of this area is 1 300 m in length
and 600 m in width, extending NW-SE. Secondary uranium mineralization occurs
in the sediments at a depth of about 60 mo The ore horizon is 3 m thick. The
total ore reserves confirmed until now are 500 tonnes t^Qg. Hie average
grade of the ore is 0.05% U^Og.

(vii) Gokgedik

At the north-east of the Massif, about 15 km west of the village or
Turgut, a very local occurrence of secondary uranium minerals was found in
Neogene conglomeratic sandstones. Trenching showed values of up to
0.10% U3O8 over widths of one to two metres, but subsequent drilling was
all negative.

(viii) Turgut River Bridge

South of the town of Cine, at the side of the Turgut river, a small
area of recent river alluvials was found to contain secondary uranium
minerals. Trenching showed values of about 0.10% l^Og, but the area is
very small.
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2. Western Turkey

(i) Kuciikkuyu

The area which contains the uranium is located near the village of
KCiciikkuyu approximately 2 km from the north shore line of Edremit Bay in the
north-west of Turkey.A large part of the area is covered by Tertiary volcanic
series. The oldest rocks are spilites. Miocene sandstones, tuffs and
tuffites overlie the spilites.

Uranium mineralization occurs in tuffs and tuffites, which contains up
to 30% P2O5 in addition to thorium. There is a linear correlation between
the uranium and the phosphate contents. The mineral is phosphorite and
is replaced by u"4+.

Exploration work in the area was done in 1967-1968 At that time, as
it was not considered feasible to recover uranium as a 7jy-product, because of
the abnormally high acid consumption during leaching, the work in the area was
shelved .

Thirty-eight close-spaced holes have been drilled in the area to a
total depth of 1400 m. Drill hole data ar1 chemical analysis results from the
channel samples from the trenches and r^cs indicate 250 tonnes U3O8 with
an average grade of 0.08%. The thickness of the mineralized p&rts varies
between 0.5 m and 10 m. Recent work has shown that the potential of this area
is very limited.

(ii) Ahmetci

This area is located 15 km north-west of Kuciikkuyu and at the side of
the small Kozdag Massif. An extensive area of fairly strong radioactivity has
been delineated in limestones, cemented breccia, and volcanic rocks. The
origin of the radioactivity has not been proved but some nearby occurrences
are known to be caused by thorium minerals

3. Central Anatolia

(i) Sorgun Area (Fig. 16)

The principal magmatic rocks forming the crystalline massif of Central
Anatolia outcrop in the form of acidic and basic plutonic rocks. The acidic
rocks are generally granites, syenites, and granodiorites. The basic rocks
are dark-coloured masses of gabbro, peridotites, etc. Between these two
extreme groups, intermediate rocks of various combinations are also present.

The plutonic rocks are not homogeneous in mineralogical composition and
petrographic characteristics. The main plutonic rock types are granite,
syenite, nepheline syenite, granodiorite, diorite, gabbro, peridodite,
amphibolite, serpentine, and diabase. The acidic and basic plutonic rocks are
found intermingled with each other and there is no definite contact between
them.
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The age of the intrusions is younger than the Upper Cretaceous. The
intrusions were probably connected with the Laramian orogenic phase.

Large areas are covered with Lower Eocene formations of a flysch facies
which surround the crystalline massifs. In the region around Yozgat and
Sorgun the rocks are lagoon facies sediments. These contain conglomerates,
sandstones, siltstones and claystones, sometimes with lignites. Some parts of
the Eocene developed a volcanic facies .

In the Yozgat area, the Neogene formation, which horizontally covers
the older formations, has a thickness of 20-50 m. Its lower parts consist of
gravel, sand, and clay layers, while the upper parts are composed of white
lacustrine limestones. The Neogene sediments are tuffaceous in places.

Metamorphic and crystalline masses extend over a lar^d area. The area
contains a number of mineral deposits of magmatic origin:

Chromite deposits: these deposits, of various sizes, appear in the
peridodites and serpentines.

Iron ore deposits: these deposit, are composed of hematite,
magnetite, and sometimes limonice and occur in the metamorphic
series.

Argentiferous lead deposits: the Argentiferous lead mine of Keskin
appears at the contacts between marbles and granite-diabases.

Tungsten occurrences: some small amounts of scheelite have been
encountered at the contacts between granites and aplites, marbles
and schists.

Fluorite veins: these occur in the nepheline syenite north-east of
Kaman and in the marbles and skarns immediately east of
Akdagmadeni. Some of the fluorites have a dark-violet colour, and
are slightly radioactive. In this area the first prospection for
uranium in Turkey was started in 1953/54.

There are also sedimentary mineral deposits in the area. These deposits
include:

Lignite: lagoon sediments of Eocene age contain different lignite
deposits, especially around Sorgun.

Rock salt: rock salt occurs in the 01igocene-Miocene gypsiferous
series.

Gypsum: this occurs in thick layers in the Oligocene-Miocene
formation.

During the early years of prospection for uranium, (1956-1959)
radioactive anomalies were found in different parts of the acidic plutonic
rocks. These radioactive anomalies are located mainly on the joint surfaces
or sometimes in fracture zones. Only one of these anomalies, southwest of
Keskin, contains secondary uranium mineralization in the form of autunite in a
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fracture zone without any other filling or cement. A hole was drilled but no
further work has been undertaken. Some of the acidic plutonic rocks,
especially the granites, contain small amounts of uranium and thorium, at the
ppm level, while the others, like the syenites, contain only thorium.

In 1972, prospecting work was carried out in sedimentary rocks which
cover the granites in the autunite mineralized area and in the area around it,
and various spotty anomalies were found in the sandy parts of the sequence.
These occurred with carbonaceous material in the Eocene flysh but were without
any visable mineralization except in one case where autinite was noted. The
work in the area was again terminated.

In 1979, one of the drill holes for lignite encountered radioactivity
in lagoonal sediments of Eocene age south of Sorgun. During the uranium
prospection in 1980, some uranium anomalies were found in this area. By the
end of 1983, the total footage drilled was 40 000 m and 2 500 tonnes l^Og,
at an average grade of O.I/U3O3 had been delineated as Estimated
Additional Resources (EAR) in the Sorgun-Temrezli sector. The prospecting
work is continuing

(ii) Ostasoken

The uranium occurrence is located a few kilometers west of the town of
Koskin about 80 km east of Ankara. A steeply dipping multiple hematitic and
limonitic stained fracture system occurs in white granite. Secondary uranium
minerals have been found in trenches over a strike length of about 20 m. It
seems unlikely that more than a few hundred tonnes of low grade ore,
containing a few hundred kilogrammes of very high cost l^Og, could be
proved at this locality.
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4. Northeastern Turkey

(i) Sebinkaraidsar (Fig. 17)

The oldest rocks in the aiea aie acidic igneous rocks intruded during
the Palaeozoic. These rocks are mainly granites and syenites, and they are
relatively rich in uranium (up to 18 ppm). They generally have abundant
coarse-grained, pinkish feldspars and small amount of dark minerals. Because
of effective chemical weathering they are often altered on the surface.
Rhyolites, rhyolitic tuffs, dacites and andesites of different ages cover these
igneous rocks. These are also rich in uranium.

Younger granites cut all these older rocks and they generally have
fine-grained feldspars and a large amount of dark minerals These granites are
lacking in uranium, and extend over a large area in North-eastern Anatolia.

In some palaeochannels tiuere are very thin fluvial fillings. These
fillings are sometimes covered by younger andesites which are very different
from the oiaer ones. Marine Bocene sediments cover all these older rocks.
These Eocene sediments generally developed Into a volcanic facies which
contains various fossils, including abundant nummilites in places. Very thick
agglomerates overlie all older rocks. All these rocks have been cut by basic
dykes. Basalts sometimes provide a flat cover for the other rocks.

Metallic mineral occurrences and deposits in the area include lead,
copper and zinc. These deposits are mainly of the vein type.

During the early years of prospecting for uranium, a lot of radioactive
anomalies were founa in different parts of the older granites and syenites and
in the related rhyolites, rhyolitic tuffs, and andesites. The majority of
these anomalies are located on the joint surfaces of the magmatic rocks in
fracture zones or faults. Some of these faults and fracture zones contain
aplitic or quartz fillings with uranium minerals together with pyrite or
limonite. The main uranium minerals are autunite and torbernite. Sometimes
the same minerals are found in a few places in lead veins. In the early years
of prospection Pitchblende mineralization was reported in the waste of one of
the galeries , ana several noles were drilled without any positive results.
Some other anomalies with high radioactive values are related to the radon
anomalies reported from cola springs corning from faults. In 1970, several
holes were drilled in the Camagzi district on a silicified fracture zone with
autunite ana torbernite mineralization. The drill holes encountered radon
emanations at depth with only very small amounts of autunite on the joint
surfaces. The work in the area has been terminated.

Also in 1970 some anomalies with autunite mineralization were found in
fluvial sediments in the vrcinity ot the same acidic igneous rocks. The
uranium mineralization occurred in carbonaceous material. Uranium exploration
work began again in Tertiary sedimentary environments in 1978, and many
radioactive anomalies and uranium occurences have been discovered by an
extensive drilling programme. (Fig. 18)

The main target in this area is now sandstone type deposits in Tertiary
sediments.
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5. Other Areas

(i) Karakaya

About 150 km west of Ankara, near the town of Sivrihisar, a vein
occurrence in granite was explored in the 1950s. The vein is nearly vertical
and about 0.15 m in width. A 63.4 m long adit was made along the vein, but
this has now collapsed. In the MTA records, it is stated that the theoretical
reserve at Karakaya was 60 tonnes of uranium metal in 200,000 tonnes of ore of
0.03 to 0.04% U30°. However, it seems that this statement is misleading
and should be disregarded. On tLe evidence presented, and accepting the
average grade at 0.035% U3O8, then the content is more likely to be about
100 kg U3O3 in 300 tonnes of vein material. This occurrence is not an
economical one.

E. HISTORY OF URANIUM EXPLORATION

(Fig. 19a and l&b in both in Pocket))

Fro,.! 1953 up to 1958 the search for nuclear raw materials by the
Geological Institute of Turkey, Maden Tetkik ve Arama Enstitiisu (MTA) was
carried out by field parties working on the ground but in 1958 the first aerial
radiometric survey took place. Since 1958 the aerial survey methods have been
progressively improved and are now very efficient in locating radioactive
anomalies. After the start of the aerial survey the ground surveys were
re-organized so as to be mainly concerned with locating, checking and following
up the anomalies discovered from the air. During the more recent years
car-borne scintillometer surveys have been employed in suitable areas to
augment the aerial work. In areas where the aerial or car-bome surveys have
indicated multiple or intense anomalies, the ground field parties have carried
out systematic grid surveys on appropriate scales and have frequently revealed
other anomalies which could not be easily distinguished during the original
surveys.

Of the total land area of 767 120 km2, 600 500 km2 (78.2% of the
total) were surveyed in some mannei up to mid-1963. The remaining area of
1C6 620 km2 was in Eastern Turkey where mountainous conditions and other
difficulties made surveys less easy to organize.

In tixe surveyed area of Western and Central Turkey, the discovery of
radioactive anomalies was successful and is a tribute to the efficient
organization of the discovery methods employed by MTA.

Uranium was discovered at Kasar near Koprubasi in the Menderes Massif in
Western Turkey in 1961 in Neogene sedimentary formation and several hundred
tonnes of reserves were estimated two years later. Uranium exploration was
largely cut back from late 1963 until 1965 when it resumed with a staff that
was not trained in modern uranium exploration technology. Foreign training was
curtailed after 1966 and exploration methods were not adequately updated.
Experience was then limited to the local terrain that was marked by only a few
shallow oxidized deposits.
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Several bi-lateral technical assistance projects were undertaken over
the years in addition to three previously pursued by the International Atomic
Energy Agency (IAEA).

After several years of investigations, including extensive trenching
and drilling, it was recognized by 1972 that Koprubasi represented a potential
uranium district. MTA also recognized that a large area needed to be
evaluated but that the necessary expertise did not then exist among the
staff. Consequently after preliminary discussions a request for a large-scale
technical assistance project was made to the International Atomic Energy
Agency and the United Nations Development Programme. This IAEA/UNDP project,
organized in conjunction with MTA was initiated in January 1974 and completed
in June 1977. An area of approximately 3,000 km^ was subjected to intensive
exploration utilizing all modern exploration methods, stream sediment
geochemistry, radon and uranium in water and soil, and sur^ce radiometric
logging.

In the same period, MTA also established their own teams to carry out
detailed exploration in Thrace and in several areas of Central Anatolia.
Since 1977, MTA has conducted the following programmes.

(1) Kopriibasi Basin

Exploration and development drilling were carried out in the Ecinlitas
area and 70,000 m were drilled during the 1977-1978 period. The Ecinlitas ore
body is believed to be in the form of a palaeochannel type deposits with
200 tonnes of U3O8 ore found in 1977, 300 tonnes of U3O8 ore in 1978
and another 200 tonnes of l^Og ore in 1979. Exploration and development
drilling are still going on and it is hoped that the ore reserves will be
increased.

(2) Thrace Basin

Intensive exploration was done in 1977-1978 in this basin in which
fluvial Pliocene sediments include channel fill deposits. Geological and
geochemical data have shown that this basin might be interesting for uranium
deposition. Also, high radiometric values were found during a radiometric
survey within the metamorphic rocks. Accordingly, 6,500 m were drilled in
this channel and in different parts of the basin. The results where
unfavourable and work on the prospect was terminated.

(3) Afyon Region

In this area detailed geological mapping and geochemical surveys were
completed in early 1972. The tuffs are considered as source rocks of
uranium. According to geological and geochemical data, the Gazligol area
would be interesting for uranium mineralization. Six thousands metres were
drilled in this promising area and anomalous gamma values were obtained in
some holes. The drilling programme has had to be postponed because of the
shortage of drilling rigs.
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(4) Sebinkarahisar Region

In this area detailed geological mapping was done in 1978. Fluvial
conglomerates at the base of the Eocene sediments, overlying Palaeozoic
granites, were found interesting for uranium deposition. During the drilling
programme in 1979, 3,500 m were drilled and some of the holes encountered ore
and showed encouraging results. Exploration work is still continuing.

F. PRESENT RESOURCES POSITION

The official government estimate of the uranium resources of Turkey as
of April 1984 is as follows.

The Reasonably Assured Resources (RAR) total about 4 600 tonnes of
uranium, being 2 500 tonnes recoverable at less than $ 80/kgU, and the
remaining 2 100 tonnes at $ 80-130/kgU.

The estimate of reserves was made ir.Ing a cut-off grade of 0.025%
uranium and based upon data obtained by drilling, by exploration and
development mining works, and by trenches. Allowance have been made for ore
dilution, but not for mining and milling losses. The RAR at high cost
corresponds to low grade ores and the ores from which it is difficult to
extract the uranium.

G. FAVOURABLE AREAS FOR ADDITIONAL RESOURCES

1. Introduction

Turkey is a country with many different kinds of ore deposits and
uranium occurrences.

Uranium exploration programmes started in 1959, but systematic surveys
were not done in all areas because of inadequate technical equipment and
logisticial problems in a large country with difficult terrain. Exploration
has been concentrated for the last ten years in West Anatolia and in a small
area near Sebinkarahisar in North-east Anatolia. In West Anatolia there are
many small uranium occurences hosted in sedimentary environments.

The problem is whether further potential can be recognized in the known
and unknown geological areas, and what kind of exploration methods can be
applied for those geological environments.
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The following table shows the detailed uranium resources by location

Table 3

Location of Uranium Resources

I RESONABLY ASSURED RESOURCES

RAR Tonnes

NNorth Menderes Massif
Kopriibasi Area

Kocaduz deposit
Tasharman deposit
Kasar deposit
Cetinbas deposit
Yardere deposit
Topalli deposit
Kayran deposit
Kocabogaz deposit
Tomasa deposit
Tailiice deposit
Ecinlitas deposit

GOre Area
Fakili deposit

South Menderes Massif
Kogarli (KUcOkc.avdar) deposit

Western Turkey
Kucukkuyu deposit

Northeastern Turkey
Sebinkarahisar deposit

TOTAL

at less than
$ 80/ksU

—
702
507
230
179
212
—
—
— •
—
200

468

---

...

—

2 498

RAR Tonnes
$ 80-130/kgU

448
51
41
17
12
18
80
26
19
11
300

42

500

250

300

2 115

IT ESTIMATED ADDITIONAL RESOURCES

EAR Tonnes
at less than $80/Kg

South Menderes Massif (trocarli deposit) —

Central Anatolia (Yozgat-Sorgun deposit) ~-

TOTAL
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2. Summary of potential by type of deposit

(a) Disseminated magmatic, pegmatitic and contact type in igneous and
metamorphic rocks

(i) Pegmatitic granite and alaskite type
some potential in some granitoid districts

(ii) Peralkalic granite type
some potential in some Hercynian granites

(iii) Syenite type
some potential in some granitoids

(iv) Carbonatite type
very little potential

(v) Disseminated contact type
some potential in some areas with intrusive rocks

(b) Vein type
Some potential in some areas

(c) Sandstone type
Much potential in Neogene continental sediments

(d) Limestone type
Little potential

(e) Phosphate type
Some potential, but of little economic interest

(f) Lignite, Coal type
Some potential, but of little economic interest

(g) Recent-Tertiary volcanics type
Some potential in Tertiary to Recent acidic volcanics

(h) Quartz-pebble conglomerate type
No potential, because of absence of Archaean and Proterozoic formations

(i) Proterozoic unconformity-related type
No potential, because of absence of suitable Proterozoic formations

(j) Calcrete type
No potential, because of no suitable environments

(k) Bituminous shale type
No potential, because of no such sediments
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3. Favourable areas for future exploration

(a) Disseminated magmatic and contact deposits in igneous
and metamorphic rocks

Until today, very few indications of this type of deposits are known in
the country, but the potential is expected to be checked by means of a detailed
petrological study of all the relevant igneous rocks. Further evaluation of
the potential should be done based on the results of such a study. Field
checks should be made on the radioactivity of igneous rocks.

The existence of pegmatites in the Menderes Massif, alkali-granites in
some Hercynian granitoids, syenites in the Central Anatolian Region, and small
carbonatites in Western Anatolia is known. It is believed that there are more
occurrences of these kinds of igneous bodies in the country, which have simply
been described as granites in past geological maps. So, in addition to
checking known igneous bodies for radioactivity and petrology, it is
recommended that an effort be made to find new occurrences of such igneous
rocks. (Fig. 20 in the ANNEX shows the distribution of crystalline rocks in
Turkey)

The following massif and granite areas are listed as targets for such
petrological study and uranium exploration:

(i) Menderes Massif
(ii) Kazdag Massif
(iii) Kirsehir Massif
(iv) Binboga Massif
(v) Bitlis Massif
(vi) North-eastern Turkey granite mass.

(b) Vein type deposits

Very few occurences of this type of deposit are known in Turkey.
Examples are the Kisir-Osmankuyu and Kara ahayit occurrences in the South
Menderes Massif, and the Karakaya and GQncek occurrences in Western Anatolia.
Some of these have been explored extensively and proven to be only very small
occurrences.

It is very difficult to estimate the potential for this type of
deposit. There are a sufficient number of igneous bodies that have favourable
geological features such as faults or fractures to indicate some potential.
However, from the results of prospection and exploration done in this country,
the IUREP Mission would evaluate the potential as low, and would not propose
further work in any specific areas.

(c) Sandstone type deposits

Almost all the important ore deposits and occurrences so far found in
Turkey are of the sandstone type. There are large areas of Neogene continental
sediments. (See Fig. 19) There are also small areas of Oligocene,
Middle Cretaceous, Liassic and Dogger, Middle to Upper Permian, Upper
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Carboniferous, and Ordovician continental sediments in the country, but the ore
deposits or occurrences are all in Neogene sediments (except in one instance
where the deposit is in Eocene sediments). The reason for this is that the
older sediment were affected by the Variscan and Alpidic orogenic movements,
suffered metamorphism to some degrees, lost permeability and tilted steeply.
This reduced their potential for hosting mineralization.

Although the highest uranium potential is in the Neogene sediments,
details of the sedimentary environments during the Neogene are not clear.
There are certainly continental fluvial sediments in some places, but their
distribution is not clear. Some parts of the Neogene continental sediments are
lucustrine and composed of limy sediments.

Before making an evaluation of the uranium potential of the Neogene
continental sediments, it is necessary to clarify the geology, in particular
the location of fluvial sediment, their permeability, carbonaceous material and
pyrite content, reduction-oxidation environment, dip of beds, presence of
channel structures, and the presence of good source rocks for the uranium.
Some efforts therefore should be made in this direction.

Using the information currently available, the Mission designates the
following areas as favourable for sandstone type deposits:

(i) Basins in the North Menderes Massif
(ii) Basins in the South Menderes Massif
(iii) Izmir-Alasehir Area
(iv) South shore of the sea of Marmara
(v) Bayramic Basin (in the Kazdag Massif)
(vi) Thrace Basin
(vii) Afyon-Usak Basin (West Central Anatolia)
(viii) Tuz Gold Basin (Central Anatolia)
(ix) Sebinkarahisar Area
(x) Other.

These areas are chosen based on the existence of Neogene continental
sediments, apparent good geological structures and good source rocks such as
granites. The choice is based on interpretation of existing geological maps.
It could be that after geological checking in the field, this list could be
changed and other areas added.

Areas (i) North Menderes, (ii) South Menderes, (iii) Alasehir, (viii)
Tuz, and (ix) Sebinkarahisar are presently being explored by MTA and their
geological settings are being studied. As a result of these efforts some
additional deposits could be found in these areas. Judging from the areas
which are being left unexplored, the Mission estimates the Speculative
Ressources as follows:

(i) North Menderes Massif

Koprubasi Basin

The Mission believes that almost all near-surface deposits have been
discovered, so there is no potential for outcroping or near-surface deposits,
but that there is some potential for deeper sub-surface deposits (more than
several tens of metres), such as the Ecintalis deposit. Speculative Resources:
2 000 - 5 000 tonnes.
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Selendi Basin

Here there are no deposits with estimated reserves, but there are
several promising areas for near-surface deposits and for sub-surface
deposits. Speculative Resources: 2 000 - 5 000 tonnes.

Giire Basin

One deposit has been discovered in this basin. There is potential for
additional deposits. Speculative Resources: 1 000 - 6 000 tonnes.

(ii) South Menderes Massif

In small basins in the Massif, such as Kuc.ukc.avdar, there is some
potential for additional resources. In addition other out^* shell sediment
areas also have some potential. Speculative Resources: * 000 - 6 000 tonnes.

(iii) Izmir-Alasehir Area

A uranium occurrence was found in the Alasehir camp area. There is some
potential in the large sedimentary basin h^re. Speculative Resources: 1,000 -
2 000 tonnes.

(iv) South shore of the Sea of Marmara

Continental Neogene sediments are distributed along the shore of the Sea
of Marmara. This area has not been explored. Though much discussion has taken
place on the importance of source rocks, no definite conclusions have been
reached which are accepted by all geologists. There are some granites located
in this region, which are good source rocks. Thus the Mission lists this area
as favourable for future exploration programmes.

Before starting extensive and systematic exploration programmes in this
area, a preliminary geological survey is necessary to better define the target
areas. It is possible that favourable geological environments will not be
found there, and this area would then not be included in future programmes.
Speculative Resources: 2 000 - 5 000 tonnes.

(v) Bayramic Basin

This basin is located to the north-west of the Kuc,(ikkuyu ore deposit.
The basin is filled by Neogene continenal sediments, and some granitic bodies
are distributed in the surrounding areas. The geological environment appears
very attractive for uranium mineralization.

Again, preliminary geological work will be needed before extensive
systematic exploration programmes are started. Speculative Resources: 1 000 -
2 000 tonnes.

(vi) Thrace Basin

This basin shows very attractive geological features for uranium. It
contains Neogene fluvial sediments, Pleistocene palaeochannel sediments, good
source rocks which are gentle dipping with good geological structures. Past
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exploration drilling revealed that all the sediments were oxidized, but details
are not well known. The Mission suggests further careful studies of this
area. Speculative Resources: 2 000 - 4 000 tonnes.

(vii) Afyon-Usak Basin (West-Central Anatolia)

To the east of the North Menderes Massif, extensive Neogene continental
sediments are distributed between two large cities, Afyon and Usak. Details of
the sedimentary environments are not very well known but continental fluvial
sediments in the lower parts of the formation could be expected, according to
the general geological knowledge of these regions.

This area is not a target of a definite exploration programme, but is
subject to further geological and sedimentological investigations. Speculative
Resources: 1 000 - 3 000 tonnes.

(viii) Tuz-G61tt Basin (Central Anatolia)

This area is being explored extensively by MTA. There are suitable
continental fluvial sandstones, favourable geological structures, and good
source rocks. It is believed that this area is one of the most favourable for
uranium deposits. Further detailed geological information, such as studies of
the oxidation-reduction boundary, in particular the depth to this boundary, are
necessary before conducting extensive drilling programmes.

Even though an economic ore deposit has not been discovered, the Mission
puts a high priority on work in this area. Speculative Resources: 2,000 -
6,000 tonnes.

(ix) Sebinkarahisar Area

This area is also being explored by MTA6 There are Hercynian granites
with a high-uranium content and Eocene continental sediments. About 300 tonnes
of uranium have been discovered by drilling in this area.

Distribution of the Eocene continental sediments is limited in the area,
and any extension to the sides, to the east and west, is not well known. It is
difficult to project a good potential for this area. Speculative Resources:
2 000 - 4 000 tonnes.

(x) Other Areas

If, as a result of further geological investigations, some other
favourable geological environments are found, such areas would be listed as
future exploration targets.

(d) Limestone type deposits

There is no evidence for this type of deposit in Turkey. There are
limestones present but the Mission cannot assign them any potential with the
present level of knowledge.
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(e) Phosphate type deposit

The Mazidaga occurrence, located in south-eastern Turkey, is the only
known phosphate occurrence in the country. However, as mentioned in chapter
D, the grade of the P2O5 and the uranium content is very low. Even though
there were some plans by the Atomic Energy Commission to produce uranium from
this occurrence, it would not be economic.

There are some other rocks containing phosphate which also contain some
uranium, such as Kiicukkuyu, but the occurrences are not well known, and the
uranium extraction is technically very difficult. Little potential can be
assigned to deposits of this type.

(f) Lignite, Coal type

Turkey has large resources of lignite, some cf which contain uranium.
The low uranium content and difficulty of its extraction make this uneconomic
as far as uranium is concerned.

(g) Recent Tertiary volcanic type

There are some Tertiary-Recent vclcanics but no indication of uranium
mineralization associated with them. No specific potential can be assigned to
this type of deposit

H. RECOMMENDATIONS FOR FUTURE EXPLORATION AND DEVELOPMENT

(See Fig. 20)

1. Reconnaissance Survey and Exploration Programme

As mentioned in the previous chapter, the potential for additional
resources in this country is mainly (a) in crystalline massif areas and (b) in
Neogene continental fluvial sediments and other continental sediments (e.g.
Permian).

(a) Crystalline massifs

The first step to start reconnaissance surveys for the massif areas
should be to collect and study all data concerning such igneous rocks,
metamorphism and tectonism which are held in the MTA library and offices and
in university libraries, etc.

Based on such bibliographic studies, areas would be selected to be
checked in the field. Such field checks would be done in co-operation with
petrologists. As a result of those surveys and laboratory tests, the priority
exploration target areas would be decided.

Actual exploration programmes would normally start with an airborne
radiometric survey. However, crystalline massif areas are generally
topographically rugged, so that airborne surveys by fixed-wing aircraft are
not effective, because of high altitude clearance necessary in such terrains.
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The Mission recommends helicopter-borne radiometric surveys in those
mountainous areas, with as low a clearance as possible, and as close a flight
line spacing as possible. The follow-up programmes on the ground would be
entirely dependent upon the results of the helicopter-borne radiometric
surveys.

The above mentioned surveys would only need to be undertaken in the
lesser explored areas. Areas such as the Menderes Massifs, which have been
radiometrically surveyed on the ground, would not need such a basic approach.
In such areas exploration programmes could be continued in a systematic manner.

(b) Neogene continental fluvial sediment

Bibliographic studies should first be undertaken for all the regions of
Tertiary continental sediments in Turkey. All reports or papers relating to
Tertiary sediments in the MTA's libraries or universities libraries should be
checked, especially from the points of view of information on depositional
environments, permeability, oxidation-reduction environments, organic matter
and pyrite contents, geological structure, etc.

At the same time, potential source i.ocks close to Tertiary continental
sediments should be studied in a similar way;These library studies should be
undertaken in consultation with sedimentologists and petrologists.

The next step would be to field check the above mentioned geological
features, together with an examination of available air photos and satellite
imagery, for structural or lithologic features pertinent to favourable
geologic environments. In these surveys co-operation with sedimentologists,
petrologists and remote-sensing specialists will be necessary.

Known uranium occurrences or radioactive anomalies or anomalous uranium
values in water should be examined. Exploration programmes can then be
modified in response to results of such field examinations and studies. After
completing the studies, exploration target areas would be designated, listed
in order of priority and the exploration scheduled according to geological
favourability, location, remoteness, logistics, and related policies.

The exploration programmes would consist of (a) geological mapping and
the evaluation, for exploration, of geologic parameters, and minerology, (b)
further detailed air photo and satellite imagery studies, (c) airborne
gamma-ray spectrometry, (d) ground carborne or hand-held scintillometer or
spectrometer surveys, (e) surface and ground water geochemistry for U, He, Rn,
Mo, Se, SO4, HCO3, pH, Eh and soil-gas geochemistry for Rn and He, and (f)
reconnaissance drilling (e.g. 5 km line spacing, 1.5 km interval along lines).

In sandstone type uranium exploration, an airborne radiometric survey
cannot be relied on very much as a direct indication for uranium occurrences
in the sub-surface. The Mission believes that geological interpretations are
much more important as a guide for uranium. So, when exploration programmes
from (a) to (£•) have been completed, very careful geological interpretation
should be made with isopack maps of favourable host rocks, with sub-surface
contour maps of important boundaries of such horizons, postulated channel
structures, reduction-oxidation environments, and many detailed geological
sections and plan maps.
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2. Priorities and Recommendation Schedule

Ihe Mission believes that it takes time to find sandstone type uranium
deposits from starting geological favourability study to the drilling stage,
and this work needs much manpower and funds. Compared with this, airborne
radiometry is an essential exploration tool for uranium prospection in
crystalline regions by which results can be obtained fairly quickly. Even
though much potential is recognized in sandstone type deposits in the Neogene
continental sedimentary areas in the country, the Mission suggests that the
library study for both types of geological terrains should be started at the
same time. A schedule suggested by the Mission is shown in Table 4. A
generalised breakdown of the costs is given in Table 5.

On-going exploration programmes in proven uranium areas would need to
be added to this table to constitute the full programme.

I. REVISED SlJMMARY ESTIMATE OF SPECULATIVE RESOURCES

The IUREP Orientation Phase Mission estimates that the Speculative
Resources of Turkey fall between 21 000 and 55 000 tonnes uranium (see Table
6 ) . The majority of these resources will occur in sediments, especially in
Neogene sandstones, but also in the crystalline massifs, i.e. in granites,
granodiorites, syenites and metamorphic rocks (Figure 20).
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Table 6

Speculative Uranium Resources

Range
Tonnes Uranium

(i) North Menderes Massif
Koprubasi Basin 2 000 - 5 000
Selendi Basin 2 000 - 5 000
Gure Basin 1 000 - 3 000

Cii) South Menderes Massif 2 000 - 6 000

(iii) Izmir-Alasehir Area 1 000 - 2 000

(iv) Marmara Area (West Anatolia) , . 2 000 - 5 000

(v) Bayramic Basin (West Anatolia) 1 000 - 2 000

(vi) Thrace Basin 2 000 - 4 000

(vii) Afyon-Usak Basin (West Anatolia) 1 000 - 3 000

(viii) Tuz golu Basin (Central Anatolia)... 2 000 - 6 000

(ix) Sebinkarahisar 2 000 - 4 000

(x) Massifs and other areas 3 000 - 10 000

21 000 - 55 000

Speculative Resources refers to uranium in addition to Estimated Additional
Resources, that is thought to exist mostly on the basis of indirect indications
and geological extrapolations in deposits discoverable with existing
exploration techniques. The location of deposits envisaged in this category
could generally be specified only as being somewhere within a given region or
geological trend. As the term implies, the existence and the size of such
resources are highly speculative.

J. POLICY OPTIOMS FOR THE IMPLEMENTATION OF RECOMMENDATIONS

The IUREP Mission believes that middle and long term programmes of
uranium exploration need to be outlined and carried out in order to establish
acceptable uranium reserve figures.
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Because of the priority given to other energy programmes within the MTA,
the short term budgets for uranium exploration are low. However, as far as
manpower for uranium exploration is concerned ,i.e. the trained uranium
geologists and technicians, the country has enough capability to conduct
extensive exploration programmes.

In general there is sufficient equipment to undertake an active
exploration programme but too little of it is being used for uranium
prospection. This is particularly true for drilling equipment.

Other facilities for uranium exploration in the MTA, such as those for
basic geological mapping, geophysics, geochemistry and remote sensing, could
also be used more for uranium exploration purposes.The efficiency of
exploration is to some extent dependent upon the policies of the Government and
MTA, and shows a need for the better planning of short and long term
exploration programmes.

The Mission suggests that the Turkish Government adopts a more open
policy towards foreign organizations in regard to uranium exploration. This
would help in the form of the introduction of much needed exploration funds,
manpower, and modern techniques from foreign sources. This would stimulate the
country's uranium exploration activity by both domestic and foreign
organizations, and accelerate disco/ery of new ore deposits.
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