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GEOCHEMICAL PROXIMITY INDICATORS OF THE MURGUL VOLCANOGENIC COPPER
DEPOSIT, EAST PONTIC METALLOTECT NE TURKEY

Nevzat OZGUR*and Carlos M. PALACIOS**

ABSTRACT . - A study on the behaviour of F, TI, Mn, Cu, Au, and REE during hydrolhermal mineralization at the Murgul volcanogenic
copper deposit reveals that Ti, Mn, and REE are strongly depleted in altered host rocks whereas F, Cu, and Au show remarkable positive
anomalies in the altered mineralized areas. We propose the use of the elements F, Ti, and Mn as proximity indicators for exploration of con-
cealed ore deposits of the same type in the East Pontic metallogenetic province of Turkey.

INTRODUCTION

The Murgul volcanogenic Cu-deposit comprises one of the principal copper ore districts of Turkey (Fig. 1). The
open pits are located 7 km SE of the town Murgul. The area belongs to the East Pontic metallogenetic province in which a
considerable number of base metal deposits are located (Cagatay and Boyle, 1977, 1980; Akin, 1979; Akinci, 1980; Dieterle,

1986). This zone, however, has not been investigated intensively to find new ore deposits.

Fig. 1 - Geological sketch map of the Murgul deposit.
1 - Andesitic lava flows of the uppermost Cretaceous; 2- Hanging-
wall felsic volcanics; 3- Pyroclastic host rocks; 4- Main faults, gen-
erally vertical movements; 5- Limits of the open pits (1983); 6- In-
vestigated area of Murgul.
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Detailed results of the geochemical investigations on the chemical solubility and depletion of Ti in the altered rocks
under thermodynamic conditions will be reported in a separate paper. The aim of our paper is to discuss the geochemical be-
haviour of F, Ti, Mn, Cu, Au, and REE at the Murgul deposit during hydrothermal mineralization. We attempt to develop
with these data an exploration model which could be applicable for practical use in this area. Previous geological investiga-
tions (Ozgiir, 1985; Dieterle, 1988; Schneider et al. 1988) of the deposits support the interpretations presented in this paper.

GEOLOGICAL SETTING

The East Pontic metallogenetic province represents a volcanic island arc system of Jurassic through Miocene age
which hosts a great number of base metal deposits (Akin, 1979; Akinci, 1980; Dieterle, 1986; Ozgiir and Schneider, 1988;
Schneider et al., 1988). The East Pontides extend over an area of more than 350 km E-W and 60 km N-S and represent the
mobile belt between the Pontic and Anatolian plate. The ratio of economically important base metal deposits changes along
the general strike of the metallogenetic province from east (Cu >>Pb+Zn) to west (Pb+Zn >>Cu). The East Pontides consist
of a 2,000 to 3,000 m thick sequence of volcanic rocks with minor intercalations and lenses of marine sediments (Fig. 2)
which have been divided into three stratigraphic cycles (Maucher, 1960; Maucher et al., 1962):
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1. The first cycle comprises a volcanic pile deposited between Jurassic and Upper Cretaceous. It is represented by ini-
tial basaltic activity (spilites) which changes progressively to felsic lava flows and thick pyroclastics in the middle and upper
part.

2. The second cycle starts with volcanic breccias, tuffs and minor intercalations of marine sediments overlain by an-
desitic and rhyolitic lava flows, followed by limestones of uppermost Cretaceous age (Maastrichtian).

3. The last cycle consists of a basal sequence of marine sediments of Paleocene age which are overlain by andesitic
and basaltic lavaflows representing Tertiary volcanic activity.

The Murgul deposit is linked to the upper part of the first volcanic cycle and is associated with a 250 m thick felsic
pyroclastic sequence. The top of the deposit is marked by a thin layer of marine sediments (Sawa and Sawamura, 1970;
Mado, 1972; Buser and Cvetic, 1973) and is characterized by intense erosion and weathering (Ozgiir, 1985). This sequence is
overlain by 200-500 m thick barren felsic volcanites. The age of mineralization in the pyroclastic sequence is pre-
Maastrichtian according to paleontological observations (Buser and Cvetic, 1973).

THEMURGUL OREDEPOSIT

The Murgul deposit consists of at least two primary orebodies (Anayatak and Cakmakkaya; Fig. 1) hosted in the
same volcanic member, spanning a horizontal distance of about 500 m. According to former descriptions (e.g. Sawa and
Sawamura, 1970; Mado, 1972) and our observations and interpretations of drilling profiles, the mineralization of both ore-
bodies shows exactly the same feature. A third minor orebody, Bognari, came into production recently (Fig. 1) which has
been interpreted by Mado (1972) as an erosional product of the upper part of the Anayatak orebody. The sulfide mineraliza-
tion of both orebodies contains predominantly pyrite and lesser chalcopyrite. Minor quantities of galena, sphalerite, and fah-
lore occur locally only. Additionally, minor occurrence of aikinite, hessite, tetradymite, clausthalite, and free gold have aso
been determined by electron microprobe analysis (Willgallis et al., 1989).

The copper deposit consists of (1) widespread disseminated ore with varying Cu contents ranging from 0.2 to 0.7
percent, (2) stockwork ore with average Cu contents between 1.0 and 2.5 percent, and (3) small ore lodes with Cu contents
from 5.0 to 10.0 percent (Schneider et d., 1988). The recoverable ore reserves are estimated at 40 million metric tonnes with
an average content of 1.25 percent Cu, 0.1 percent Zn, 25 ppm Ag, and 0.2 ppm Au.

The ore mineralization may be divided into an early stage associated with a phyllic zone surrounded by a peripheral
argillic zone, and a late stage related to a central pervasive silicification (Fig. 3). According to Schneider et d. (1988), the
first stage of alteration led to destruction of the primary paragenesis of the pyroclastics and replacement of the host rock by
quartz and pale greasy sericite. This stage reveals poor mineralization of disseminated pyrite and chalcopyrite (type one).
The late stage of hydrothermal activity in this area of the deposit is represented by silicic alteration that appears as quartz re-
placement of the volcanic host rock, as cryptocrystalline varieties of jasper, and later on, as open-space fillings (quartz- ore
veins). The sulfide mineralization of this stage represents the principal commercial ore (types two and three). The surround-
ing country rocks show pervasive argillization which characterized by an alteration assemblage containing quartz, montmo-
rillonite, illite, dickite, and pyrite only.

SAMPLINGANDANALYTICALMETHODS

Various rock samples have been obtained from altered and mineralized zones, 53 samples from the surface (Tab. 1
and Fig. 4) and 87 from deep drilling holes (Tab. 2). For comparison, the less atered background rocks of the pyroclastic
flows (18 samples) have been analyzed too (Tab. 1), which were taken between 500 and 700 m outside of the mineralized
and dtered area. The background pyroclastics include host member in which the alteration is on a regional scale generaly
weak.

Rare earth elements (La, Ce, Sm, Eu, Tb, Yb, and Lu) and gold were determined by instrumental neutron activation
at the Hahn-Meitner Institut fur Kernforschung, Berlin, with aroutine precision better than + 9 % for most elements (Dulski
and Moller, 1975) using GSP-1 of the U.S. Geologica Survey as the reference standard.

Ti, Mn, and Cu were determined by atomic absorption spectrometry, and F by ion-sensitive electrode at the Institut
fur Geologie, Geophysik und Geoinformatik, Freie Universitat Berlin, with a precision better than + 5 %. For all analyses,
BCR-1 and GSP-1 rock standards have used.



Nevzat OZGUR and Carlos M. PALACIOS

56

314 4 4l o 00rl (334 9%
Te6r z 019 6 0052 13-4 1t Lol z <8 0s 00L >4 s€
6vE z 51 001 0SLE oLl oL P P o1z 0ol T o 147
Pu pu Pu L4 P £s1 » 8 T 9 o o011 OLL 34
1oz (4 st or 0001 $65 89 P ‘o ooy 001 005 0861 (31
pu L Pu e L 008 9 21! 2 0%c s 009 sey 1€
$9T 4 st or osL1 062 9% e L st o1z 00¥1 1374) ot
685 14 1 123 000€ ssp 59 pu L ot1 SL 05Tl 0LEl 6
oy £ 13 009 0007 0oL ¥ P P 53t » 0oL 1} 74 7
vTL z OLE st 0001 <ot £9 ‘pu U sov oot 37 1711 [+4
$1T z ¥ s€ s 09€ 79 P e 00€Z 00f 05T ort ®
rer £ ot 05§ 00rZ 00t 19 L L 06 06 005 0£0! T
(472 (4 05 oely 05Ty (L4 09 pu o 131 $5¢ ooy oist "
Lov z oz 00L1  osZY 1343 65 P PU 08 oL 00K siy £2
98¢ (4 st 000l  0sLE - SIT 85 U o $ oor 0082 3| 24
1317 (4 oL 008y 001¢ s8T Ls U P sil 05 00t 0c6 4
LeE (4 or OLel  0ssE S¥E 9% L e o 0T 0001 069 o
(40 £ st o1 0sLS 08¢ 13 U Py oL 001 0oL o9 6l
£LE £ st £96 000¢ ovZ 12 Py Po 00001 oot o5l ol 1l
114 v 057 05 05 siv £ Py P 08 3 001 0591 L
61 08 57T ov 005 of 28 PO o 000%1 0 00¢ 1174 o1
L8 9 s 05 0ss sve Is Pu P 00LE 15 00§ 3 st
T 4 ol 056 008 08Z1 05 o P 0519 00! o0z 0681 "
oL 1 4 U Pu P P 60 Py P 0s6¥ 05 L £961 £l
95y t $ ot ost1 91 8y P o e on 008 29 u
09l 0€ 0t 001 008 $€1 v L L 091 05 STl <4 "
6l i) $L2 05 005 1774 o o Po 08 ool 059 £99 o
05 oL Py L Y Pu sv pu P 00c 05 05§ o6r 6
6Lt ot i pu P P 4] L LA oIt 00t 059 9T s
st 08 061 05 005 08! 13 Py o 06 001 00€t 06¥ L
pu P 09 05 059 $96 T L P 5 05 059 seol 9
L Pu s81 05 ool oot i L4 P St o0l 00L L 5
L Ppu 0591 13 008 $is or Py L4 0052 13 05 1111 ’
P pu 005k or 005 1747 6¢ U e [+ 055 059E srs £
899 14 o1 50T 00§51 oer 8¢ U Ppu 06 00t 006 59 T
8¢t £ 01 051 Ll oty L£ Pu Py ot 05 05 ore [

sydureg ncwog
(wdd) FIET __(qad)ny  (wdd)my  (wdd)upy judd)y) (wdd) 4 | wewang (wod) ST (qdd)ny (wddny (wdd)upy (wdd)ry (wdd)q | newng |




57

PROXIMITY INDICATORS OF THE COPPER DEPOSIT MURGUL

pu ‘pu 00LE PU [ 4 ols 411
pu U 00zt pu oL ool 8¢l I'1g Fird 06 05T 053t o3 i1
6l Py 09 ‘pa oLy 0£z 24 Pu e [~ 4 P 031 09 £n
py U 000FE po o 174 51 pu o w py 08ET 23 4 tn
961 Py o 14 ozel oty §51 Pu ‘P bl U 069 69 m
pu pu O0sEl ool 00F Rl 141 P o gL 1174 056 069 on
pu pu 0sst 05 LA (49 €s1 pu pa Pu pu pu 29 01
Pu PU 00T 001 0851 o F£Y) L'6€ 1] ozy 059 08EE 0£s w0l
1ot Py 05 o0t L8101 $9% 11 pu ‘pe 91 pu 0oLl =) il
Py Py 00Tz 0851 005 oo 051 Ppu pu 4 po (414 SLv 901
pu pu 0661 U o ot [ 141 P ‘pe $S 001 008 088 so1
pu pu 005€1 05 0ot 06 1] Pu pu o1 Pu 0Es1 S6L Lt
Py Pu L1741 ‘PO oLl o8l i 62 e 61 0sT oroE o 01
pu pd 0056L 1,3 s0¢ K o U a ot ‘pu 0e0T 5t il
pu Ty 00EZ 05t oz orl sl Pu pu 55 T ool oot ]
pu Py SLe 149 ooF oy ¥l pu ‘e £ U s 089 4] ]
pU PY oro1 059 oz oLl trl pu e 08 00f 5L 08 66
TEL o9z 000Z1 00s oLY o8l n 99g Ll 97 po ool 096 85
oSl 0004 ooan U 095 {54 irl u ‘pu 51 po o o9 7
¥ 01 0075 U (£, 0Lz orl u ‘P osrt 006 oIl $E9 9
Pe Pu 0018 Py 00z [~A] 6£1 U e 0007 05T o1l o1 6
U pu 0oss pu 03t 061 gel U pe 4 2 Po oS SETI ¥
86 068 000E1 P 09 Tl 1£1 1z 091 0006 057 ol6 ozs %
osl 08L 00k6 pu 05t 00t 9¢1 U pu 005€1 pu s cer %
Y Py oLzl pu 08L sEe §£1 pu ru ({14 005 0eEL ot 16
U o0t 00001 Py )] [ 44 rel Pu Ppuo o o ozé oy 06
pu Lidw oore P o3¢ o1z £cl I s SL 0SE oSt L9 68
e Py 000z 0s (Fi 4 iy 4 4] pu pe 0000¥ 001 00L o0ze 58
U U oors pu i o 1£1 pu P ool Y 0291 oS i8
U Ppu 08¢ 0 0oF 0Lz ot £0E 8z " PU oan oor "
pu 09 099 oot o1 or 621 pu U 051 oS 0o owr a
pu ‘pu 008t ‘py ot 5r i | Pu pu oz pu 0l o i
pu U 00LET P ird} 56 frd | pu ‘e [~ ] 0% oSt A} )
‘pu 0oLl Qoott Py 01 (14 A ‘pu ‘pu 0ofs Py ols A} f4 ]
pu U 00$12 Ly 001 114 st 6T ] » 0ol 0081 174 [}
U Py 00572 ‘pu ol 05 4 u o A P ortl 209 o
puo Pu 00€ 05 001 052 £zl Pu pu SE 00t 0EL 09z 6L
Rl U 433 sl fir'} 0% [l o ‘R 41 P 099 Sy L
po U 9% 05 vt 4 £d ] tiz 0%l 0851 o0l 0091 oy i
pa pru (=112 05t pu 14 74| P gy 58 Py oss o 9L
08 otl 4 0s 13 orl (11 U pe 0ot o [ >4 £6¢ $L
T'Ef T 6T ‘o 0057 ol 11 pu pu 5¢ 0sgl 0r 0oF /A
pu Y 91 00t T 008 LY 1 o5y oorFT P ot e €L
pu pu 1 Py aszt 08y ol pu e 56 oot SiE sTr U

adumg L o §
(wdd) Tryy (qdd)ny  (wddjmp  (wddjupy (wdd)1p  (wdd) 4 | ewery (wdd) gy (gdd)wy (wdd)an  (wddyupy (wdd)if (wdd) o | mewong

« (BT 01 61T soqduws) sleyyewye) pue (217 9 0 sipdwes) yureleny Jo SHPoq 250 Nr0q W0} (T PN V) 5104 (1P PLENS MY J0 IV MVENT - T QUL



58 Nevzat OZGUR and Carlos M. PALACIOS

8 NGNARN® '
1
3
7 U
9 | A
ANAYATAK
framgn -
- )
0)
O 2 ; A
‘ { L‘“ﬁ- : L
L Moo

5L = ‘
B [} GAKM”AKKAYA m )

Fig. 3 - Map showing hydrothermal alicration zones and sample loca-
tions from the surface of both orebodies.
1- Hanging-wall felsic volcanics; 2- Silicic alteration; 3-
Argillic altieration; 4- Phyllic alteration; 5- Pyroclastic
host rocks; 6- Limits of the open pits (state of mining:
1983) 7- Location of the sampics for the analyses.
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The less altered samples formed the basis for determinating regional backgrounds of each element For the statistical
evaluation, a computer program "Geo-500" together with "Stasy" and "Easy" of Company PIC, Munich/West-Germany, was
applied to determine geochemical parameters and anomalous values. Additionally, the method of Lepeltier (1969) was con-
stituted to establish anomalous populations.

RESULTS

Data on the elements F, Ti, Mn, Cu, Au, and REE in the altered volcanic host rocks indicate extensive geochemical
dispersion halos and anomalies within the area of both orebodies (Figs. 5 and 6). The contents of F, Cu, and Au increase in
the altered areas remarkably whereas Ti, Mn, and REE exhibit a distinct depletion.

Cu is enriched in phyllic and silicic alteration areas with concentrations greater than 220 ppm. This element is pre-
sent with a background of about 30 ppm in the less altered pyroclastics (Fig. 4) and shows a higher value of 60 ppm in argil-
lie zones (Fig. 5 and 6).

The two and three dimensional distributions of fluorine in altered pyroclastic host rocks are shown in Figs. 5 and 6.
Fluorine in less altered pyroclastics has a background value of 325 ppm (Fig. 4). Geochemical halos in the phyllic and silicic
alteration zones exhibit values of 320 to 500 ppm and more than 500 ppm F are observable. Locally, the fluorine contents in
both altered zones reach extreme values of up to 2515 ppm (Fig. 4).

Gold has a background value of 2 ppb in the less altered pyroclastic country rocks (Fig. 4). Gold distribution within
the both orebodies displays anomalous areas (Fig. 7) represented by values between 2-80 and more locally values greater
than 80 ppb (Fig. 4). Particularly remerkable is the distribution of higher Au values which are linked to parts of silicic altera-
tion in a greater distance to the surface. Some sectors have shown local economic concentrations.

In contrast to the positive anomalies represented by F, Cu, and Au; Ti, Mn, and REE were intensely depleted in the
altered and mineralized areas. The less altered pyroclastics show a Ti background value of 3000 ppm (Fig. 4). In the mineral-
ized areas, Ti is obviously depleted (Figs. 5 and 6), especially in the areas of phyllic and silicic alteration which indicates a
estimated background value of 650 ppm in the host rocks. Similar behaviour is shown by Mn (Figs. 5 and 6) which can reach
concentrations of about 10 ppm whereas the regional background was estimated at 705 ppm (Fig. 4).

As reported by Schneider et al. (1988), the REE have been leached from altered host rocks. Fig. 8 shows the distribu-
tions of the REE values of the investigated areas. It is notable that the silicified host rocks display the more important nega-
tive REE anomalies.

DISCUSSION

The geochemical data from the Murgul deposit indicate that fluorine, titanium, and manganese are excellent indica-
tors of volcanogenic sulphide deposits in the East Ponticmetallogeneticprovince. The Murgul deposit has been genetically
interpreted as a subvolcanic type associated with Upper Cretaceous island arc volcanic activity (Akin, 1979; Ozgiir, 1985;
Ozgiir and Schneider, 1988; Schneider et al., 1988).

The dispersion halos of F, Ti, Mn, Au, and REE outline perfectly the presence of a hydrothermal mineralization and
alteration pattern in altered host pyroclastics. This has-been corroborated additionally by Cagatay and Boyle (1977) and Die-
terle (1986) in Madenkdy, Sirtkdy, and Kutlular ore deposits in the western part of the East pontic metallogenctic province
which arc linked to similar type of pyroclastic host rocks in nearly the same stratigraphic horizon. They belong genetically to
the subvolcanic hydrothermal mineralization too.

The increase of fluorine during hydrothermal alteration is a well known phenomenon: the fluorine contents of the
primary host rock are increasing within the mineralized area because the element is concentrated by the ascending hydro-
thermal fluids. Due to the similar radii of F and (OH), fluorine can replace (OH) in the lattice of micas and clay miner-
als. This is well documented at the Murgul deposit in which the greater F values are concentrated within the phyllic and
parts of the argillic zones (Figs. 5 and 6). The size of the deposit in the pyroclastic host rock stratigraphy seems to dictate
the magnitude of the elemental haloes as evidenced by the fluorine distribution around Anayatak orebody in contrast to that
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Fig. 5 - The distributions of Ti, Mn, F, and Cu in the Murgul deposit.
1- Silicic alteration; 2- Argillic alteration; 3- Phyllic aheration; 4- Boundary of anomalies.
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Fig..6 - Cross sections showing the distributions of Ti, Mn, F, and Cu in the Murgul deposit.
1- Silicic akeration; 2- Argillic alicration; 3- Phyllic aheration; 4- Boundary of anomalics.
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around Cakmakkayawhich isto led the lack of the rock samples from Cakmakkayadue to hanging wall volcanics and soils.
In addition to above, the analyzed host pyroclagtics are derived from the slicic dteration area of Cakmakkaya. Therefore,
these rock samples indicate low fluorine contents in comparison to Anayatak orebody.

The two and three dimensiond distributions of manganese (Figs. 5 and 6) show strong negative anomalies within
both ore bodies. This could be generated by the breakdown of Mn-bearing minerals (bictite, feldspars, and possibly glass).
Thus, manganese was rdeased from the rocks during dteration.

In the origina pyrocladtics, titanium is present in sphene and rare rutile or anatese. These minerals are not stable un-
der the thermodynamic conditions during hydrothermal ateration. Therefore, titanium is leached from the atered areas too.
Gold was epedidly enriched in slicic ateration zones (Fig. 7) which could be attributed to a hydrothermal remobilization
of the Au contents of the hogt rocks.
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Fig. 7 - Gold distributions at the Murgul ore deposit.
1. Silicic alleration; 2- Argillic alierstion; 3- Phyllic sheration; 4- Bomndary of
anomalies.
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¥ig. 8 - REE distributions at the Murgul ore deposit.

1- Silicic alteration; 2- Argillic alteration; 3- Phyllic alieration; 4- Boundary of
anomalies.

The mineralization of Murgul seems to be strata-bound observing thesemistratigraphicposition of all deposits in the
East Pontic metallogenetic province which arc linked to the volcanic sequence of Senonian age. Therefore, manganese, tita-
nium, and fluorine could be applied as proximity indicators for the concealed deposits of the same type throughout the entire
East Pontides.
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