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the River Halys and Batumo Its length is about 300 miles from 

east to west, and its average width is about 30 miles from north 

to south (See Map l)o 

The Lahanos pyritic sulphide deposit occurs to the lfest of 

the middle of1he Eastern Pontus Ore Province, and is located 

between Giresun Province (Giresun Vilayeti) and Trabzon province 

(Trabzon Vilayeti), about 10 miles inland from Espiye on the Black 

Sea Coast (See Map 2)o The area studied in detail covers 27 square 

miles around the Lahanos copper mineo Within the detailed study 

area, there are eight pyritic sulphide deposits which have been 

worked possibly since medieval timeso 

The pyritic base metal sulphide deposits occurring throughout 

the Pontus Ore Province are of small size but ·very widespreado At 

present only two are l'lorking - one of them, in the Eastern Pontus 

" Ore Province, is the Murgul Copper Mine, and the other is Kure 

Copper Mine in the \"lestern Pontus Ore Provinceo In the near 

future the Lahanos Copper Mine will join them as a third Copper-

Zinc producing mineo 

Climate: 

Because of northwesterly winds, the eastern Black sea area 

is always humid and rainyo The rainfall reaches a maximum of 

about one hundred inches a year, particularly in the Rize region, 

whereas the southern slopes of the Pontic Mountains get less rain, 
. 

and further south, towards the semi arid continental climate of 



the Anatolian Plateau, annual rainfall gets smaller and smallera 

The distribution of vegetation very closely follows these 

sudden climatic changesa Most of the pyritic base metal 

sulphide deposits occur l'Ti thin the high rainfall area, on the 

northern slopes of the Pontic Mountains covered by thick forest, 

dense bushes and thick soilo Because of its young and abrupt 

morphology the area shows a very young drainage pattern and 

most of1he rivers and streams follO\t the main tectonic lineso 

Because of these factors, the population is concentrated in 

the narrow coastal stripa The main agricultural products are 

hazelnuts, maize, tobacco and beanso Coastwise navigation is 

well developed in this area, and there is an important fishing 

industry a 
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Geoffroy (1960) in the Rize region. 

Partly albitized andesites, basalts and spilite with 

andesitic porphyries, porphyrite and diabases are described by 

" Kraeff (1963a) in the Sirya-Ardanuy area. 

10. Glacial moraines are found on the highest ridges of 

the Pontic Mountains. During the Pleistocene the formation of 

glacial valleys, terraces, moraine and boulder clay took place. 

Relicts of glaciers are still present today in the highest crests 

of the Eastern Pontic Mountains. 

11. Sea and river terraces were also formed during the 

Pleistocene and their relicts are exposed along the narrow coastal 

plain of the Black Sea and big river channels. 





TABLE 2 

Tectonic Division of' Turkey (after Ketin, 1966) 

P. Arni 1939 

Pontids }North Pontids 
)South Pontids 

Ana to lids 

Taurids 
Iranids 

Border Folds 
(Anatolian-Iranian) 

M. Blumental 1946 

Pontids 
Ana to lids 

Intermediary massif' 
of Central Anatolia 

Taurid.s 
Iranids 

Irakids 
Syrian-Arabian Block 

N. Egeran 194-7 

(Pontids 
(Anatolids 
(Intermediate Zone 

( Ortailides 
(Massif Intermediate 
(Iyilldes 

Taurids 
Egean Jranids 

Onilides 

Border Folds 
(Anatolian-Iranian) 

I. Ketin 1961-1965 

Pontids 

Anatolids 

Taurids 

Border Folds 
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2. If the emanations are rich in H
2
s then they form 

exhalative sulphide deposits (mainly copper deposits). Ergani 

" and Kure can be regarded as typical of this group. They are 

always associated with pillow-lavas, spilite and diabase 

porphyries. 

3. Apo-magmatic formationc of radiolarite and manganese 

deposition occur when the source of emanations is deep seated. 



CiiAP.rER C FIELD WORK 
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Pl. 5· Hypabyssal dacite intrusion into the Lower Volcanic Series:­
at Bogaztarla location (Map 4, D7) 

Pl. 6.. Columnar jointing, Upper Volcanic Series, Lahanos mine .. 
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FIG. 2A. _Structural diagram of the underground workings at the Lahanos Cu-mine ,and possible main strell6 directionD: 

oae• eel 022° 72° 
-{ 222° 50° ---·{ 344° 4f/ 

16111 ,.,. El33 7 01. IS::s:l 3 0/o 











Pl. 9· Columnar jointing, hypabyssal dacite, Olukduz: (Jiap 4, B3) 

Pl. 10. Granite cut by the late dyke (dark in colour) at Tuglacik, 
river Yagli (Map 4v N2) 
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Lahanos area Fig 2A was constructed by using the surface trend of 

faults and fractures and then plotting on to a rose diagram, giving 

an E-W possible maximum stress direction. On the other hand Fig 2B 

was produced from underground data giving tl-ro dominant directions: 

major faults and main fractures displaying again the E-t-1 direction; but 

minor faults, fractures and joints gave distinct direction of NNt'l-SSE. 

In different parts of the field area, different stratigraphic 

columns and sections showed that rocks from the Lower Volcanic Series 

through the Upper Volcanic Series up to the top of the Upper Basic 

Series were possibly formed during the Upper Cretaceous or more 

precisely in the Santonian to Campanian (Fig. 1). The presence of 

Santonian-Campanian fossils throughout the Lower Volcanics and the 

Upper Basics indicates that these series might have been formed 

during the Santonian-Campanian, Upper Cretaceous. The follm·Ting 

paleontological evidence is the first to be described from the 

Lahanos area. Sample 163, gray limestone, representing the bottom 

of 1he Upper Volcanfcs at Degirmindere (Map 4, F3) contains 

Globotruncana Linneiana (a'Orbigny} group, 
Heterohelix Sp., and 
Rotaliform bentic species 

giving a possible *Santonian age. 

*Fossils are determined in the British Museum (Natural History) by 

Dr. D.D. Bayliss •. 
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Pl. 11. Glass shards from the Upper Volcanic Series, at 9uJcur 
Mahalle (Map 4v B7) 350 x 

Pl. 12. The southern outcrop of the pyritic sulphide ore at Lahanos 
copper-mine• 















altered to a chloritic rim and fine-grained dusty opaques a.nd calcite. 

Quartz forms large rounded and corroded crystals and it is 

always p·resent in the fine-grained felsophyric ground.mass. Corroded 

and embayed quartz phenocrysts are often occupied by the groundmass. 

On the other hand replacement of biotite along the cleavages by quartz 

is quite common. 

Feldspars are represented by potash feldspars and plagioclase. 

The potash feldspars are orthoclase together with a very little 

sanidine with carlsbad twinning. Plagioclases are one of the three 

main phenocrysts of the hypabyssal dacite. Zoning of plagioclase 

is not exceptional and each zone distinctly sh011s different optical 

properties. Among the plagioclases albite and pericline tt·rinning are 

well developed. Determination of plagioclase composition t"ias done 

by :X:-ray diffractometer and optical methods which gave average values 

of 24-33% anorthite that is they are of oligoclase-andesine composition. 

Replacement of plagioclase in the centre of zoned crystals by sericite, 

kaolinite, calcite and sometimes by chlorite are very abundant. 

The groundmass always shows a felsitic texture and is mainly 

composed of quartz and feldspar. It infills cavities and embays 

the phenocrysts of biotite, hornblende, feldspar, quartz, and contains 

some zircon and apatite; but the groundmass is replaced by opaques, 

chlorite, kaolinite and sometimes by calcite. 

11. Granitic intrusions: although away from the detailed map 

area (See Iliap 2 and 4) o:ne cannot leave without mentioning the granites. 

The granitic intrusions in many parts of the Eastern Pontids are 
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Quartz infills the empty spaces and intergranular spaces of 

feldspars and shows xenomorphic granular texture. 

Biotite is strongly pleochroic with dark brown colour and 

usually alters to chlorite and some opaques. There are some amphiboles 

present beside biotite, greenish in colour and showing the optical 

properties of hornblende. 





















55 

and Vine's (1966) definition), formation of analcime and particularly 

palogonite indicatesaqueeus conditions. In the field alteration 

products of the Lower Basic Serie·s Fe-Mn chlorite and iron oxide 

give a brownish-reddish appearance and onion structure is seen due 

to spheroidical weathering. 

Mineralogical alteration of andesitic rocks: 

Andesites are somewhat similar to basaltic rocks in giving more 

or less similar alteration products- in addition to chloritisation, 

serici tisation, kaolinisation, pyri tisation, there is a.lso albitisation 

of the groundmass and calcic ple.gioclase, dueto soda metasome.tism. 

Mineralogical alteration of the acidic rocks .{i.e. d.acite, rhyodacite 

and rhyolite): 

The common alteration products observed in the field and thin 

section study are silicification, pyritisation, serbitisation, 

carbonatisation albitisation and a little chloritisation of the 

groundmass and of the phenocrysts of feldspars, amphiboles and 

biotite. 

D.IIb The Effects of Alterations in the Chemistry of·the 

Lahanos Volcanic Rocks 

In order to work out and explain the effects of alteration in 

the chemistry of the Lahanos volcanic rocks, a composite triangu.lar 

ACF diagram as mentioned above (Fig.8· (A- G) and other variation 

diagrams will be discussed in the following section; D.IIb is 

subdivided into D.IIbl - common alteration products of the Lahanos 
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magma, combined with the assimilation of granitic or sialic material. 

Wager and Deer (1939, pp. 323) said that they are "not usually 

produced by fractional crystallisation of basalt, acting alone." Tilley 

(1950, PP• 59) suggests that the intermediate rocks developed from 

"·ba:salti:c magma modified by sialic contamination to set it on its 

course of variation which fractional crystallisation appears most compe­

tent to yield" o Kuno (1959, pp 70-71) concluded that the calc-alkaline 

series of Japan has been developed by fractional crystalisation ofa 

tholeiitic or alkali basalt magma contaminated by granitic material. 

On the other hand, Os born (1959 and 1962) and Roeder and Osborn 

(1966) suggested that the calc-alkaline series may result from 

fractional crystallisation of basaltic magma, in which a high o:xygen 

pressure caused the early separation of magnetite and hence the liquid 

becomes enriched in silica and relatively depleted in iron. 0 1Hara 

(1965) pointed out that contamination of basaltic magma with granitic 

magma, or perhaps partial melting of sedi·mentary material, is import­

ant in the evolution of calc-alkaline rocks, and he also gives emphasis 

on partial fusion of peridotite at depth, under saturated conditions 

in a low pressure regime to given an andesitic liquid. The presence 

of hypabyssal dacite and extruded andesitic lavas would suggest that 

there was a time available for fractional crystallisation during 

the ascent of calc-alkaline suites in the Lahanos area. 

Some large, rounded quartz crystals (xenocrysts) which occur 

in some of the Lahanos quartz-andesite and dacites may perhaps be 
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nised for .the first time after detailed laboratory uork, and 

detailed petrographical and petrological study of the volcanic 

rocks has shown their broad similarity to the Calc-alkaline suites. 

of other orogenic belts. 



CHAPrER E .-. MINERALISATION OF THE LAHANOS .AREA 













Pl. 13. General view, looking from HE of the Lahanos copper mine, 
Hydrothermally altered Lower Volcanic Series in the stream 
valley. 

Pl. 14. Zoning in ore Zone IV pyrite. 350 x 
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Eoicl Marginal_Stockt-iork and Disseminated I>iineralisation: This 

is the outermost zone of the mineralisation, within which pyrite 

is the only abundant sulphide mineral, associated with a gangue 

of quartz and minor amounts of sericite, clay minerals and 

carbonateo 

The pyrite shows hypautomorphic granular and aggregate textures 

and its grain size averages about 100 microns, l"l'i th a range from 

less than one micron to over 125 micronso Zoning of the euhedral 

pyrite is quite common (See Plate 14) and it is usually brought 

out by inclusions of gangue mineralso Pyrite preferentially replaces 

feldspars of the host rock in the disseminated mineralisation and 

is often .associated with quartz, sericite and rarely chloriteo 

Replacement of rutile and possibly hematite in the host rock by 

pyrite is also occasionally common.Cataclastic texture in the 

pyrite is sometimes see no In the marginal stock-'t'Tork and disseQ)inated 

mineralisation there is a gradual change in the dominant gangue 

mineral towards Zone III, the quartz gradually giving place to 

dolomite, which may locally replace pyriteo 

Small traces of other sulphides occur as inclusions in pyriteo 

Chalcopyrite, sphalerite, oovellite, galena and possibly pyrrhotite 

occur in this wayo Chalcopyrite and sphalerite also occur alone 

in small patcheso Quartz often replaces phe·nocrysts and the ground­

mass of the ·host rook and forms crosscutting veinletso 

E.Ic2 Oi'e Zone III: This is the outer casing of the massive pyritic 

ore body of the Lahanos mine and it is mainly composed of massive 
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Pl . 15. Colloidal and granular pyrite relationships, ore Zone III 
160 x. 

Pl. 16A. Botryoidal texture in colloidal pyrite, ore Zone III 
875 x. 







Pl. 18. Atoll texture in pyrite due to repl acing gangue mineral, 
ore Zone III. 160 x 

Pl. 19. Tennantite replaces and infills t he intersti ces of granul ar 
pyrite, ore Zone I II. 350 x 





Pl . 20A. Sphalerite, gangue, barite relationships, ore Zone II. 160 x 

Pl. 20B . Sphalerite , gangue, bari te relationships, ore Zone II. 160 x 



Pl. 20C. Sphalerite, gangue , barite relationships, ore Zone II. 160 x 

Pl. 21A. Sphalerite chalcopyrit e relationship, ore Zone II. 160 x 





Pl . 21B. Sphalerite chalcopyrite relationship, ore Zone II. 160 x 

Pl. 21C. Sphalerite chalcopyrite relationship, ore Zone II. 160 x 





Pl.22. Guided replacement of sphalerite by chalcopyrite (whitish 
gray} and tennantite (gray), ore Zone II. 160 x 

Pl. 23A. Emulsion type ex-solution blebs of chalcopyrite in sphalerite 
from the Kepyelik mine, Lahanos area. 875 x 



Pl . 23B . Ex- solution l amellae of chal copyrite in sphalerite from 
the Kep9elik mine, Lahanos area . 2200 x 

Pl. 24· Colloidal pyrite-pyri te and sphalerite r el at ionships , ore 
Zone II. 73 x 



Pl . 25 . Shelly colloform texture in pyri te , ore Zone II. 160 x 

Pl. 26. Colloidal pyr ite-sphalerite-galena-tennantite-bari te 
relationshi ps , Ore Zone II. 350 x 



Pl . 27A. Age r el ationships between colloi dal pyrite and galena, 
gangue and tennantite, ore Zone II. 350 x 

Pl . 27B. Age re l ationships between colloidal pyrite and galena, 
gangue , ore Zone II. 350 x 
































































































































































































































































































































































































































































































































































