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ECONOMIC POTENTIAL OF RESIDUAL DEPOSITS IN PENEPLANATED AREAS IN TURKEY

Kenan TUFEKCI *

ABSTRACT.- Peneplain is a geomorphological unit which is formed in the final stage of the fluvial denudational cycle. The developed
peneplains on the bedrocks of containing iron, olivine, pyroxene, feldspar or fcldspalhoids comprise lateritic ore deposits. Besides the bed-
rock, the formation of this residual deposits arc due to both tropical climate and nonactive tectonic conditions. Today, actual lateritizations
has been going on in the climatic bells where tropical climate conditions are dominant in the world. But it isn't impossible to bring up that
the lateritization has been lasting under actual climatic influences in Turkey. Paleoclimatological conditions in the geological past arc impor-
tant for Turkey. For this reason, especially, the cycles of Upper Cretaceous and Lower to Middle Miocene in Turkey are suitable climatic cy-
cles to lateritizations in Turkey, the relics of the oldest relief forms pertaining to Upper Cretaceous and the relics of "Anatolian Peneplain”
pertaining to the denudational cycle of the Lower to Middle Miocene may be very interesting for residual ore deposits. When Turkey's tec-
tonic evolution is appraised from this view point: while the Pontides, the Anatolides and Tauridcs in places appear to be the suitable belts,
but not the Border Folds region. As a result, it isn't impossible to have enough knowledge about the residual deposits and their peneplanation
cycles from the present surveys in Turkey. Consequently, the evolution of the residual deposits isn't known with details yet. For this reason,
the prospection of the deposits must be planned by amulti-disciplinerprogramme. Geomorphologically, the extend of the deposits must be
mapped and their relations with the geomorphologic units must be explained.

INTRODUCTION

It is a fact which has been slated al many panels on carlhsciences that the future of a country's industry could be se-
cured by providing its required raw material and energy domestically. For this purpose, new natural resource exploration
methods and theses are being developed and exploration process is now considered as an interdisciplinary program. That lat-
critic ore deposits which are the object of this research have not been explored in detail in Turkey, except the Caldag (nickel)
and Seydisehir (aluminum) areas, makes the prospection of ore deposits more interesting.

Besides the characteristics of bedrock, the factors such as climate, topographic features, and geomorphologic evolu-
tion have also an imporiant effect on the formation of the residual ore deposits. The bedrocks containing iron, olivine, pyrox-
ene, feldspar and feldspalhoid minerals are gradually turned into the residual ore deposits by simultaneous formation of pene-
plancs and a thick leaching zone forms in the peneplanes in tropical climates. However, change in climate or the end of
tectonic stability during the peneplanation may change the position of the formed or yet-to-be formed residual ore deposits.

In this paper, the residual ore deposits are investigated geomorphologically and the morphogenetic and morpho-
climalic factors affecting the formation of these deposits in Turkey are also reviewed.

CONCEPT OK PENEPLANE AND THE CHARACTERISTICS OK RESIDUAL ORE DEPOSITS FORMING IN
PENEPLANES

In order to form residual ore deposits in an area, addition to tropical climate, a period of tectonic stability, that is, a
peneplane formation period is required. Therefore, first of all the concept of peneplane and the characteristics of peneplanes
should be briefly considered. The term "Peneplain” was first used by Davis in 1889 referring to a nearly fcaturless, gently un-
dulating land surface of considerable area, which presumably has been produced in the penultimate stage of a humid fluvial
geomorphic cycle (Ering 1982). According to Davis, flat areas which are gently undulating and spread over considerable ar-
eas are produced as a result of millions of year-long erosion of internally weakened formations (Fig. 1). Peneplane is such
that the original topographic relief has been eroded down, the intensity of mass movements is lesser, the streams carry small-
er quantity of materials and slow down due to the small quantity of strcamload. These gcomorphologic units, known also as
Truncated Plane", are distinguished from denudational planes by their greater size (Ardos. 1971). The residual ore deposits
form in this geomorphologie unit, the characteristics of which is briefly discussed above,

Peneplanes may be subjected to tectonic deformation during/after formation. Tectonic movements may rip these
units by hundreds of meter deep trenches and cause the laterite deposit, which are in the peneplane, to be eroded and rede-
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posited in various environments. It has been determined that today some of the ancient peneplanes have been folded or de-
pressed, some of them have been eroded down to the sealevel and some others have been fossilized by younger sediments
which cover them. For instance, the bauxite deposits in Arkansas formed in pre-Eocene peneplanes and are locally blanketed
by the Tertiary claystones and sandstones (Ozkogak, 1980). The bauxite deposits in Sarkikaraagac-Yalvag, Aksehir, on the
other hand, formed in diabase and were fossilized by the overlying Upper Jurasic limestones (Ozkogak, 1980). As a result of
erosion of the sediments covering these fossilized peneplanes, the ancient surfaces can be determined as exhumed surfaces.

Lithology of the rock in which peneplane developes is also important. Although these deposits form in different type
of hostrocks in humid climates, for residual iron deposits, especially the ultra-basic rocks with low aluminum content for
nickel deposits, dunite, peridotite and pyroxenile, and for the residual bauxite deposits, feldspar or feldspathoid bearing rocks
arc important (Ozkogak, 1973, 1980; Cornwall, 1973). The examples to this type of deposits are those; after the sub-oceanic
basalt-andesile flow in the Late Oligocene or the Early Miocene in New Caledonia there occured great peridotite emplace-
ment. This ultrabasic massif, dominated by harzburgite, was uplifted above the sea level and peneplanated, over 50 m thick
iron laterite blanket formed in it in a tropical climate (Ozkocak, 1980). In the above-mentioned climate, the peneplanes form-
ing in dunites, peridotites and pyroxenite are also suitable for the formation of the residual nickel deposits. Vinogradov
(1956) estimated that the average nickel content of these rocks is 0.1-0.3 %. Whereas Golightly (1979) listed the factors ne-
cessary for the formation of the residual nickel containing deposits as follows: 1- Mineralogy and tectonic emplacement of
peridotite;2- Climate; 3- Topographic relief; 4- Geomorphologic background. It is a fact that economic residual deposits can
be mined in the peridotitic areas which were peneplanated in tropical climates. However, it is necessary to assert that there
have been periods oflaterite forming conditions in geologic times similar to the actual laterite forming conditions. This type
of a period occured in Turkey as well as in the other parts of the world during the Middle Tertiary and Upper Cretaceous. Al-
though the hostrocks vary in type in the formation of the residual bauxite deposits the peneplanes forming in feldspar and
feldsparrichrocks are especially suitable.

The relationship between the bauxite residual deposits and hostrocks can be shown on several examples around the
world: The deposits forming in nepheline syenites arc found in Arkansas, Brazil, Guinca and Los Islands; the deposits form-
ing in basalts and dolerites (diabases) are in India, Germany, Scotland, Guinea and Cameroon; the deposits forming in meta-
morphic schists arc in Guyana Ghana, Guinea and Ivory Costs; the deposits forming in sandstones are in Nigeria. Bauxite de-
posits forming in carbonaceous rocks are found commonly in Spain, France, Italy, Grece, Yugoslavia and Turkey, that is,
around the Mediterranean Sea (Ozkocak, 1980).

As can be seen, the formation of the residual deposits is related not only with hostrock but also with the peneplana-
tion processes. Another effect is suitable climate which produces leaching zone in the peneplanes.

RELATIONSHIP BETWEEN THE RESIDUAL DEPOSITS AND CLIMATE

Another factor I mentioned above for forming residual deposits is climate. These deposits form in the morphoclima-
tic regions which have tropical climate. Persons (1970) showed the relationship between temperature and precipitation for la-
tcrite formation on a plot (Fig. 2). It is seen on the plot that the average temperature and rainfall for the formation of laterite
deposits vary between 18.3-30.0 degree centigrade and 50.8-228.6 centimeter, respectively. According to Golightly (1979)
annual rainfall is 159-300 cm.

The formation of the laterite deposits still continues in the tropical and subtropical areas, such as Solomon Islands,
Philippines, Cuba, Venezuella, Puerto Rico, Dominica, New Caledonia, Australia, India, Brazil, Guatemala, Indonesia,
which have economic residual deposits.

The current climate types in Turkey, some of which are the Mediterranean, Black Sea, and continental climates, are
not suitable for the formation of the residual deposits. The average temperatures in the sectors with these climates are as
such: The average annual temperature from the Mediterranean cost to the Urfa district 18°-19°C, around the Agcan cost 15°-
18°C, along the Marmara Sea and the Black Sea 13°-15°C and in the central Anatolia, 11°-13°C. On the other hand, the
highest amount of annual rainfall is in the eastern Black Sea region (higher than 2 m). In the western Black Sea region and
the western Mediterranean region and around the Hatay district, the annual rainfall is 1 -2 m; in the Aegean and Marmara re-
gions and in most of the eastern Anatolia, the annual rainfall is 0.5-1 m.
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Fig. 2~ Precipilation-iemperatre relation in laterite formation. Temperatures converled into °C and precipitation values converted inte
centimeter.

The average temperatures and rainfall in Turkey are lower than the temperatures and rainfall given in Persons (1970).
Therefore an actual laterite deposit formation seems not possible in Turkey.

Kurter (1979), who distinguished four effective chemical weathering types in Turkey by using climatic data, pointed
out that the eastern Black Sea region has the most intensive chemical weathering. Although the rainfall is quite high in this
region temperature is not as high as the tropical regions. Kurter (1970) stated that no part of Turkey has humid tropical con-
ditions. As a result of this, today's climatic conditions have not allowed any lalerite formations in Turkey.

However, besides the actual laterite belt. Riddle Oregon, USA, which formed in laterized plato remnants and the Ar-
kansas bauxite, which formed in a pre-Eocene peneplane and fossilized under the Tertiary sediments (Ozkocak, 1980) are the
evidences showing that the necessary climatic conditions were dominant to form residual deposits in North America in the
past as it is the case with the actual residual deposits to form residual deposits. In the Mediterranean basin, on the other hand,
the nickel laterites in Yugoslavia and Grece have been fossilized by the Cretaceous limestones or Tertiary sediments (Go-
lightly, 1979). In Turkey. 50 m thicklateritic nickel deposits in Caldag, Turgutlu (Yildiz, 1977, 1981), the lateritic belt in ser-
pentinitcs around Sivrihisar (Boyali, 1984; Boyali and Kog, 1986), the lateritic nickel deposits in Orhaneli, Bursa, although
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not very typical (Wilson, 1976), various iron laterites in Erzincan, Sivas, Malatya, Hatay and Ankara (Ozkogak, 1973), the
nickel laterite in Frankenstein (Silesia), the allochtonous bauxite deposits in northern Urals, USSR, are the evidences indicat-
ing that suitable climatic conditions were also dominant in Asia, Europe and Anatolia in the past as in the North America

As shown by the examples around the world, it is necessary to know Turkey's paleoclimatic characteristics in order
to shed a light on the laterite forming conditions in Turkey. According to the characteristics which have been determined by
various authors, while the tropical climate was dominant during the Cretaceous period in the Early Paeocene the climate was
warm around the world but later the temperature dropped gradually. In the Eocene, contrary to the Paeocene, the climatic
conditions were more evident and around the poles the climate was similar to the temperate climates of today. However, both
climate and temperature were higher than the current temperatures of the temperate climates. In the Oligocene, finally, the
winters were cooler and the difference between rainy and dry seasons was more evident. The Early and Middle Miocene
were periods when a warm humid climate was effective in Turkey for a long time and aso an "Anatolian Peneplane’ devel-
oped in this climatic condition. Contrary to the arid and semi-arid climate in the Upper Miocene, in the Pliocene, a humid-
warm climate was effective. During the Early Pleistocene epoch, warm climate withlower humidity was interrupted by short
cooler-and-rainy periods.

Consequently, the paleoclimatic data indicate that warm-humid (tropical) climates during the Cretaceous period (spe-
cifically the Upper Cretaceous) and the Early-Middle Miocene were the right conditions to form residual deposits in Turkey.

RELATIONSHIP BETWEEN THE TECTONICS AND THE RESIDUAL DEPOSITS IN TURKEY

A relationship between the tectonic activity and the formation of residual deposits in aregion should be expected. It
is possible to assert that residual deposits form in the rocks in suitable climatic conditions when these rocks are uplifted
above the scalevel by tectonic movements. Therefore it is necessary to review briefly the tectonic evolution of Turkey. As it
is known, studies have been done for along time in order to distinguish the tectonic units and determine the tectonic evolu-
tion in Turkey (Ketin, 1966). According to the tectonic units of Anatolia which was established by Ketin (1966, 1983), the
oldest mountains, the Caledonian and Hercinian massifs, which are located in the Pontides were like islands in the Tethis Sea
while the other regions of Anatolia were mostly under the scalevel at the beginning of the Mesozoic Era. The Anatolides de-
veloped at the end of the Cretaceous period and were the second in the tectonic evolution. The Torides developed at the end
of the Oligocene. The Margin Folds, on the other hand, completed their evolution from the Late Miocene to the Early Plio-
cene. Therefore it can be asserted that the tectonic-orogenic development in Anatolia was from north to south, and the Pon-
tides, Anatolides, Torides and the Margin Folds developed as mountain bells in this order (Ketin, 1966, 1977, 1983).

As the briefly-reviewed tectonic evolution is assesed regarding the residual deposits it can be asserted that the Pon-
lides, Anatolides and Torides might have been affected by the tropical conditions during the Cretaceous and the Early-
Middle Miocene whereas the Margin Folds arc not promising for the development of laterite deposits.

RELATIONSHIP BETWEEN THE EROSION-DEPOSITION PERIOD AND THE RESIDUAL DEPOSITS IN
TURKEY

Some regions of Anatolia were uplifted above thescal evel by the tectonic movements that took place from the Upper
Cretaceous to the Eocene (Ketin, 1959), however, the actual morphology of Turkey began to form in the Oligocene and
completed during the Neogene and Quaternary by internal and external forces (Erol, 1980). However, this process was inter-
rupted by the general tectonic movement and a silence period and also by the changes in the climate. In accordance with
this, a geomorphologic evolution occured as erosion and deposition periods lasting from the Late Oligocene to the Pleisto-
cene. According to the principles suggested by Erol (1980, 1983) and the results of the geomorphological studies conducted
in the framework of these principles, the erosion-deposition periods that took place in Turkey can be briefly determined as
follows:

The oldest geomorphologic remnants belonging to the Upper Cretaceous (DF system).
The Upper Oligocene crosional surfaces (DO systems).

The Lower-Middle Miocene period (D | systems).
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The Upper Miocene period (D II systems).

The Pliocene period (D III systems).

The Lowermost Pleistocene period (D IV systems).
The Lower and Upper Pleistocene period.

The Holocene period.

Among these periods, the oldest geomorphologic remnants of the Upper Cretaceous and the crosional surfaces of the
Miocene arc significant for the formation of residual deposits. The north and northwest Anatolian mountain ranges were like
islands in the Tethis Sea even in Mesozoic, and then, they were raised totally above the scalevel by the tectonic movements
in the Oligocene to form that part of Anatolia where the oldest geomorphologic units may be found. The central Anatolian
mountain chain, which was subjected to the first intensive orogenic movement at the end of the Cretaceous period and was
raised above the scalevel at the end of the Eocene, is an orogenig belt in which relatively younger old-geomorphologic rem-
nants may be found. However, since these units have continuously been eroded since their forming, it is not very probable
that these old remnants be preserved. But still, the remnants of the former erosion surfaces in the Cretaceous period have
been detected as fossils and some smaller parts of these remnants crop out in some areas where the covering rocks were erod-
ed away (Erol, 1980).

On the other hand, a new erosion-deposition period started over Anatolia by a scries of tectonic movements at the
end of the Oligocene and a peneplanc called the Anatolian Peneplanc developed under tropical conditions of this periods.
Thus the existence of the remnants of this peneplane has been proven by the geomorphologic studies conducted in various
parts of the country (Bilgin, 1969; Atalay, 1977, 1978, 1983; Erol, 1980. 1981, 1983; Kozan et al., 1982; Ozgiir, 1983; Du-
rukal et al., 1984, 1985; Tonbul, 1986; Tiifekgi, 1987). This erosion-deposition period regarding the laterite deposit is impor-
tant for Turkey. In this period, the Anatolian Peneplane, which developed under the tropical conditions, was eroded almost
down to the scalevel. It is then, possible to assert that a deep leaching zone in this peneplane formed during the crosional pe-
riod.

As a result, as the erosion-deposition periods are reviewed in respect to the residual deposits in Turkey, the erosion
surfaces of the Lower-Middle Miocene (D I systems in Erol, 1980) which started to develope first in Anatolia under the trop-
ical conditions in the Lower-Middle Miocene and were affected by neotectonic movements are significant regarding the for-
mation of the residual deposits. Furthermore, the old geomorphologic remnants of the Upper Cretaceous (DF systems) which
arc detected as fossils arc also promising in regard to the residual deposits.

RESULTS

The residual deposits form by peneplanation of the hostrocks containing iron, olivine, pyroxene, feldspar or feldspa-
thoid under the tropical conditions, and by formation of a deep leaching zone in the forming peneplane. This leaching zone is
closely related with tectonic stability. In the case that tectonism starts to activate, the residual deposits arc totally or partially
eroded and redeposiled in known depression areas to form secondary (allochthonous) deposits. In the world and also in Tur-
key, the Upper Cretaceous and Lower-Middle Miocene had suitable conditions for the formation of residual deposits. Today,
while laterization continues in the tropical bell, actuallaterization does not occur in Turkey, for Turkey has no more tropical
conditions. On the other hand, the formation of these deposits is also related with tectonic evolution of Turkey. Therefore
certain parts of the Pontides where the first and intense orogenic movements occured should be expected to have laterizated
under the tropical conditions in the Cretaceous period. During the Lower-Middle Miocene this belt also had the similar cli-
matic conditions. Although the Anatolides and Torides may also be thought to have been affected by the tropical conditions
in the Cretaceous period the important role was of the conditions in the Lower-Middle Miocene. The Margin Folds, which
were affected by intense orogenic events at the end of the Miocene are not promising for the formation of laterile deposits. In
the formation of these deposits; hostrock; climate; topographic features; geomorphologic evolution have significant role.
However, there has not been enough information collected in the studies on laterile deposits in Turkey regarding the relation-
ship between the residual deposits and the peneplanation periods and thus the evolution that these deposits have gone
through is not known in detail. Therefore, besides the already available methods, the geomorphologic methods should also be
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considered, the evolution and relations with the geomorphologic systems should be determined, and the distribution of these
deposits should be mapped. It is clear that this type of studies will contribute to the prospection of the primary, secondary
and fossil laterite deposits.

ACKNOWLEDGEMENTS

I would like to thank to Prof.Dr. Oguz Erol for his contributions to this research which was prepared as a Master's

seminar and presented in the 12 nd. Geomorphologic Congress.
Manuscript received June 5,1989

REFERENCES
Ardos, M., 1971, lLes surfaces d'erosion et relations avec Les Peneplaines: Jeom. Bull., no. 1.

Atalay, L., 1977, Sultandaglar: ile Aksehir ve Eber golleri havzalarinin striiktiiral, jeomorfolojik ve toprak erozyonu etiidii: A.U.Publ. no.
500. Ed. Fak.Publ. no.91, Arastirma Ser. no. 75.

——, 1978, The geology and geomorphology of the Erzurum plain and its surroundings: A.U. Publ. no. 543, Ed. Fak.Publ. no. 91, Arastir-
ma Ser. no. 81.

——, 1983, The geomorphology and soil geography ot the Mus plain and its surroundings: E. U. Ed. Fak. Publ. no. 24.
Bilgin, T., 1969, Biga yarimadasi giineybati kismimin jeomorfolojisi: 1.U. Publ. no. 1433, Cog. Enst. Publ. no. 55.

Boyal, I., 1984, Yunusemre - Karagam - Dogray - Korkun - Karaburun - Diimrek (Mihaliccik, Sivrihisar - Eskisehir ) ydresi nikel - kobalt
prospeksiyonu: MTA Rep., 7589 (unpublished), Ankara.

and Kog, 1., 1986, Dindzii - Yarik¢1 - Hamidiye - Bahtiyar - Kavak - Beykéy (Mihahgcik/Eskisehir) yoresi nikel ve kobalt prospeksi-
yonu: MTA Rep., 8016 (unpublished), Ankara.

Cornwall, R.H., 1973, Nickel: U.S. Geological Survey Prof, paper, 820.

Durukal, S.; Kecer, M.; Tiifekci, K.; Durukal, A. and Soylu, C.C, 1984, Sebinkarahisar, Alucra (Giresun) ve Susehri (Sivas) dolayinin jeo-
morlolojisi: MTA Rep., 7664 (unpublished), Ankara.

and 5 1985, The geomorphological relationships between erosion - sedimentation cycles and primary -
secondary uranium deposits in Sebinkarahisar (Giresun) region: Jeom. Bull., no. 13.

Ering, S., 1982. Jeomorfoloji: I.U. Ed.Fak. Publ. no. 2931.

Erol, O., 1980, The Neogenc and Quaternary erosion cycles of Turkey in relation to the erosional surfaces and their correlated sediments:
Jeom. Bull., no. 8.

———, 1981, Morphotectonic results of the geomorphological study of the Biga peninsula, Northwestern, Turkey: Bulletin of The Inqua Ne-
otectonic Commision, Number 4, Stockholm.

——, 1983, Neotectonic and Geomorphological Evolution of Turkey: Jeom. Bull., no. 11.

Golightly, J.P., 1979, Nickeliferous laterilcs: A general description. International Laterite Symposium, Newyork.
Ketin, ., 1959. Tiirkiye'nin orojenik geligmesi: MTA Bull., 53, 78-86.

—— 1966, Anadolu'nun tektonik birlikleri. MTA Bull., 66, 20-34.

———, 1977, Tirkiye'nin baslica orojenik olaylar1 ve paleocografik evrimi: MTA Bull., 88, 1-4.
Ketin, 1, 1983, Tiirkiye jeolojisine genel bir bakis ITU Kiitiphanesi, 1259.

Kozan, A.T.; Ogdim, E; Bozbay, E.; Bircan, A.; Kecer, M.; Tiifekgi, K.; Durukal, S.; Durukal, A.; Ozaner, S.and Herece, M., 1982, Bur-
haniye (Balikesir) - Menemen (Izmir) arasi kiy1 bolgesinin jeomorfolojisi: MTA Rep. 7287 (unpublished), Ankara.



46 Kenan TUFEKCI

Kurter, A., 1979. Tiirkiye'nin morfoklimatik bélgeleri: 1.U. Publ. no. 2585, Cog.Enst.Publ. no. 106.
Lobeck, A.K., 1939, Geomorphology an introduction to the study of landscape: McGraw Hill Book Company Inc. Newyork.
Ozgiir, R., 1983, Aydin - Gemerek - Ortaklar Dolayinda geng tektonige bagh jeomorfolojik gelisme: MTA Bull., 99/100, 142-147.

Ozkogak, O., 1973, Importance de la geomorphologie pour la recherche des giasement mettaliferes: Jeom.Bull., no. 5.

, 1980, Sedimanter demir, manganez ve aliminyum yataklarinin 6zellikleri ve olusum kosullart: MTA Publ., 22.
Persons, S.B., 1970, Laateritegenesis, location, use: monographs in Geoscince, Newyork.

Tonbul, S., 1986, The general geomorphological pacularities and evolution of the western part of the Elazig district: 10. Turkiye Jeomorfolo-
ji Bilimsel ve Teknik Kurultayr Bildiri Ozleri, Ankara.

Tiifekgi, K., 1987, Ilgin golii dolaymnin jeomorfolojisi: A.U. Fen Bilimleri Ens. Yiiksek Lisans Tezi (unpublished).

Vinogradov, A.P., 1956, The regularity of distribution of chemical elements in the earth's crust: Geochemistry (Geokhimia) no.1
(English Hd).

Voloboycv, V.R., 1961, TICSS, 6,:Vol. 20, 1956, Sov.Soil. Science no. 11.
Wilson, H.D.B., 1976, Nickel and chronium associated with ultrabasic rocks in Turkey: MTA Kiitiiphanesi.
Yildiz, M., 1977, Manisa ili, Turgutlu ilgesi, Caldag civarinin Ni - Co etiit ve arama raporu: MTA Rep. 6813 (unpublished), Ankara.

, 1981, Caldag nikel yataklarinin maden jeolojisi ve ekonomik potansiyeli: Ege Bolgesi Yeralt: Kaynaklar1 Kongresi Bildiri Ozleri,
Izmir.




