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Abstract : The Binkilsg Mn deposit of Oligocene age, ocours in northern part of the Thrace Basin of Turkey,
which is the lateral equivalent of the manganese giants such as Chiatura, Nikopol, and Varna. Petrographic, mine-
ralogical,and geochemical studies indicate that Binkilic manganese deposit of the Oligocene was formed as a re-
sult of interaction between manganese - rich anoxic basin water and underlying calcitic sediments. Manganese
diffusion downward resulted in the dissolution of the calcitic material and precipitation of manganese carbonate,
iron oxides,and manganese axyhydroxides, depending en Eh - pH, from the sediment - seawater interface into the
sediment. The formation of manganese ore was lithotogically ~controlled by the deposition of the carbonates. Re-
gional uplifting resulted in marine regression, dehydration and complete oxidation of the primary carbonatic ore.
High grade hard ore and infiltrated ore are thought to have formed during that time .

Key words : Oligocene, diagenetic replacement, manganese

Ozet: Trakya Havzasinm kuzey kiysminda bulunan Oligosen yash Binkilig manganez yatagl, Chiatura, Niko-
pol ve Varna gibi ylksek rezervli manganez yataklarmin yas ve tektonik konum itibariyle yanal eydegderidir. Bin-
kilig manganez yataginda yapilan petrografik, mineralojik ve jeokimyasal galigmalar manganez cevherlegmesinin
manganezce zengin anoksik havza suyu ile tabanda bufunan kalsitik sedimanlanin arasindaki etkilesme ile iligkili
oldugunu gdstermigtir, Manganez iyonlarinn kalsitik sedimanlarm igine dogru goct, yukandan asagiya dogru Eh
ve Ph deferlerindeki deflisime baglh olarak sirastyla manganez karbonat, demir oksit ve demir - manganez. oksi-
hidroksitlerin olusumuna neden olmustur. Bu baglamda manganez ceherlesmesi karbonat gikelimivle iligkili Hto-
loji kontrolllii bir zeHik postermektedir, Bolgesel yiikselme ve deniz gekilmesi birincil karhonatik cevherin ta-
mamen dehidratasyonunu ve oksitlenmesini saglamistir. Yitksek dereceli sert cevher ve infiltrasyon tlirii cevher-
legme bu siireglerle iligkili olmalidir.

Anahtar kelimeler : Oligosen, diyajenetik ornatim, manganez

Introduction ganese accumulations during the Oligocene has been
. , ) formed by redox - controlled synsedimentary processes
The Oligocene is known as one of the major epochs (Varentsov and Rakhmanov 1978). Bolton and Frakes
for the forrqat:on of the manganese gmnts in Earth his- (1984) and Frakes and Bolton (1992) postulated that
tory. The Binkili¢ manganese deposit of Oligocene age manganese accumulation at the Oligocene basins were
o}r;curs o 1?.16 northern ,SI'dIE; of the Thrace Basin, Turkey — ¢,04 related to transgression - regression cycles. They
(Fig.t), which is genetically connected with the Manga-  rolate the mineralization to sca regression associated
nese giants of the Paratethys region, Chiaturi (Georgia), in oxygenation of the basin water. However, Oztiirk
NIROPOI (Ukraine), Vama (Bulgar:a)-, ete. Although they and Frakes (1995) recently showed that the manganese
include large reserves (over a few bitlion tons ore) their accumulation at the Thrace basin was not formed by re-
formation enigma remains to be solved. Chemical and g0 0 onerotted synsedimentary processes and/ or short
isotopical stratigraphy of the ore section and detailed ferm oxygenation of the sea water .

descriptive study of these deposits have not been made, The purpose of this study is to determine the geoc-
especially in western literature. But, some studies were hemical character of the manganese deposits through the
carried ouf at tl.]e Chiatura - .Geo‘”giaz(B olton and Frakes ore section and to offer a conceptual model for the for-
1984), at the Nikopol - Ukraine, (Hein and Bolton 1992) mation of the manganese deposit at Binkilig in the light

and at the Binkilig - Turkey, (Oztiirk and Frakes 1985). of its petrographic, mineralogical and geochemical fea-
The Soviet investigators have considered that the man- tures
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Figure 1. Location map of the principal early Oligocene manganese deposits of the Black Sea region (A), simplified geological
structure of the Thrace Basin and positions of manganese deposits (B).

Sekil 1.

Karadeniz Biilacsinde Alt Oligosen yagh dnemli mangancz yatakiarimm konumlari (A), Trakya Havzasimn basitlesti-

rilmis jeolojik yapisi ve manganez yataklarimn konumu (B).

Material and Method

This study investigates the Catalca, Binkalig and
Calallt mangancse deposit of the Thrace basin. A geolo-
gical map of the Binkihg- Cakilli region was made and
the host rock lfithologies of the deposits were studied.
The Binkslic manganese deposit was sampled from base
to top , and the ore types were delermined in the field.

Geochemical analysis for major and minor ele-
ments, including rare earths were made by ICP at the
Centre de Geochimie de 1a Surface, Strasbourg, France.
Mineralogical - petrographical studies have been carried
out on thin sections and polished sections. XRD analy-
ses were done using a Philips diffractometer with Cu
Kaipha radiation and a curved crystal carbon monochro-
nometer. Microprobe analysis were done using 4 com-
puter automated jeol 733 electron MICToscope.

Geological Setting

The Oligocene manganese deposits of the Thrace
Basin occur al the northwestern part of Turkey, close Lo
ihe Black Sea. The Thrace Basin has an eliptical geo-
metry,and displays a well developed zoned pattern of
the scdimentary formations which are surrounded by
metamorphic massifs (Fig. 2). Metamorphic basemant
rocks consist of lwo major tectonostratigraphic units,
high grade metamorphosed core rocks, possibly Pre-
cambrian in age,and (he low grade epimetamorphic co-
ver units of the early Mesozoic. Metamorphic core rocks
consist mainly of gneiss,quartz schist,and meta granite,
whereas cover units mostiy consist of phyllite and marb-
le. A phyllite horizon of the epimctamorphic cover units
includes a siratiform ferromanganese deposit at the Kes-
tanepmar, 4m. in thickness and 200 m. in length, This
deposit was mined during the first world war and alre-

ady has been exhausted. Manganese silicate is an impor-
tant accessory mineral of the metamorphic core rocks of
the Thrace Basin which was described by several inves-
tigators (Bora 1969). B

Sedimentary formations of the Thrace basin exhibit
differences in the south and the north. In the southern
rim of the basin, an ophiolitic melange of Cretaccous
age is overlain by Palacocene and Bocene formations
that are mostly clastic (Siimengen and Terlemez,1991).
The Bocenc is conformably overlain by organic -rich
shale of Oligocene age. Unlike the south, deposition be-
gan in the Eocene in the north and the sedimentary pile
is represented by well matured sandy basal clastics
which gradually pass up to biohermal and bioclastic li-
mestone. The Oligocene is divided into two series in the
north which are congerian seric at the bottom and fish
scrie above (Akartuna 1953). Congerian serie shows ter-
rigenous character and unconformably overlays the Eo-
cene at the northeastern part of the basin, whercas repre-
sented by congerian limestone and conlormably over-
Jays that of the Eocene at the northwest. Fish series con-
sist of gypsum nodule - bearing, organic mattier -rich
and hence dark brown - black colored claystone in the
northeastern part of the basin associated with low grade
Mn ore, whereas it is represented by green clay, silty
shale on the northwestern side. Fish and shark fossils are
locally concenirated in the claystone (Ilkiimen 1964)
which occurs at the top of the ore horizon, Coal deposit
- bearing sediments of the Miocene {Fig. 2} unconlor-
mably overlay the older rocks. Basaltic domes of the
Upper Miocene and Pliocene age (Ercan, 1992) were
intruded into the Miocene sediments in the central part
of the basin.
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The manganese deposit
The manganese ore at Binkilig is nearly horizontal
and the main ore level occurs between Congerian serie
and fish serie. There are also several other horizons , in-
tercalated with claystone of the [fish serie. The ore thick-
ness varies between 0.6 - 1.3 m. and exploration studies
indicate that total ore reserve are nearly ten million
units, with 30 % Mn grade .The ore types and petrologi-
- cal - textural aspects of the ore are discussed in detail by
Oztiirk and Frakes (1995). The congerian serie occur at
the base of the ore and mainly consist of congeria fossils
-rich limestone. The limestone is well bedded, highly
porous, and discontinous along strike. The Oligocene
palecenvironment possibly was a lagoon or bay. At the
Binkilig region congerian limestone includes gastropod-
and ostraced- fossil - bearing spiculite and oolith- piso-
lith levels at the top of the section, Congeria fossils are
homogenous in size, generally 2 cm. in length. These
were reported to be an indicator of a non- marine depo-
sitional environment (Cox et al. 1969), Congerian limes-
tone generally includes manganese oxide infiftrations as
a key stratigraphic level. Mineralization begins at the
bottom as low grade soft ore consisting of reworked Mn
pisolites - mineralized Congeria fossil debris. This ore
passes upward into the high grade - hard ore (mangcre-
te) levels or mangcerete patches -bearing pisolitic ores
and ends with a concretional level, This concretional ore
level is one the distinctive feature of the Mn deposits of
the Thrace basin, occuring at the Lop of the main ore ho-
* rizon. The concretions of the ore protolith consist of

gypsum and kutnahorite famination. The mangancse
concretions are nearly equal in size, roughly 5 cm.

Sometimes their core and cortex consisl of gypsum
or calcite and the rim formed by very thin Mn oxide la-
minations. The concretional ore level is overlain by lo-
cal fish fossil- bearing silty claystonc,and concretional
ore - claystone alternations are common (Fig. 3), High
limonite and hematite content of the concretional ore gi-
ves a reddish -brown colour to it. Green claystone for-
mations consist of well laminated silty clays, and their
bedding surfaces and micro fractures include manganese
oxide dendrites, Claystones include plant, fish and shark
fossils,and gypsum nodules. Claystone is overlain by se-
condary carbonate concretions - bearing sandy mud of
the Miocene.

Mineralogy and Petrography

The ore minerals of the Binkilig manganese deposit
are pyrolusite, psilomelane, cryptomelane and mangani-
te as oxides and hydroxides and rarely kutnahorite and
thodochrosite as carbonates. Low grade soft ore mainl ¥
consists of psifomelanc and poorly crystalised mangane-
se oxyhydroxides. The gangue minerals of this ore are
calcite, Mg - calcite, quartz, leldspar, chalcedony and
montmorillonite. Microprobe analysis of the two feld-
spar minerals from low grade ore horizon indicate that
these are albite and andesine in composition. High grade
-hard ore consist of microscopic pyrolusite and lesser
amounts of manganite as disseminated - coarse crystals
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Figure 3. Stratigraphic correlation among the manganese ore levels al the Binkilig ore deposit. Solid - lined column and num-

bers indicate sampling horizons.

Sekil 3 : Binkihig manganez yataginda cevher diizeyleri arasindaki korelasyon. Kahn cizgiti siitiin trnekleme vapilan diizeyleri

gostermekte.
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Table 1 : Major and trace element contents of the different units of the Binkilic manganese deposit. - indicates below of the

detection. Remainder is LOI.

Tablo L : Binkilic manganez yatagmda farklt birimlere ait major ve iz element degerleri - dedeksiyon limitinin altinda oldugunu

gistermekte. Kalan degerler kizdirma kaybidir.

Unit | Si0; | ALO; | CaO | MgO | K;0 [ NajO | MnO | Fe;03 | BaO | SrO | P05 TiO,
1 22 | 05 536 | 04 0.1 0.1 0.2 - 02 | 013 | 002
2 22 0.4 489 | 08 0.1 0.1 41 06 | 001 005 | 066 | 003
3 12.1 3.0 6.6 1.1 0.6 512 12 | 012 | 012 | 022 | 0.14
4 13.2 3.5 6.2 2.4 0.6 463 | 25 200 | 081 | 027 | 0.6
5 77 1.1 0.9 i1 0.4 0.6 69.2 - 102 | 039 | 025 | 003
6 76 21 203 13 0.9 0.43 2.2 2.0 184 | 082 | 044 | 008
7 2.7 1.0 1.1 1.3 0.3 679 1.8 158 | 051 0.4 0.06
8 111 2.2 1.6 1.1 0.7 065 | 78 1.0 {95 | 081 | 034 | 009
9 43 0.9 20,0 13 0.1 3.7 0.4 008 | 003 | 025 | 004
10 12.2 3.0 219 14 03 297 1.4 144 | 067 | 035 | 0.1
1 494 | 155 4.9 3.0 2.2 0.1 6.2 003 | 00 | 018 | 018
12 25 0.6 16.8 0.4 0.1 0.1 379 | 127 | 033 | 0.1l 0.3 0.06
13 11.3 3.3 437 0.9 0.4 ) 2.0 0.1 0.03 | 025 | 015

C S v Ni Co Zn Cu Y Zr

K %e ppm| ppm| ppm; ppm, ppm; ppm;  ppm  ppm

1 111 | <001 | 7.1 372 | 15 <1.0 16 4 30.3

2 1004 | 002 | 257 | 685 | 134 | 263 B.6 35 113 | 69

3 031 | 0.1l 166 297 | 778 | <10 | 449 | 87 20 | 282

4 107 | 002 172 106 | 646 | <10 | 346 | 179 | 133 | 704

5 00l | <001 | 778 | 418 | 527 | 126 | 374 | 138 13 172

6 46 | <001 | 103 291 | 9L6 514 | 203 | 318 | 264

7 001 1 <001 I 122 | 916 | 838 | <1.0 | 447 | 2L8 14 156

8 012 | <00t | 139 7.1 438 289 | 92 156 | 290

9 968 | 002 | 908 116 | 4L4 | <10 | 181 43 127 | 92 N

10 S12 | 003 1 974 | 240 | 812 | <10 | 449 | 171 | 238 | 265

1t 431 | 267 | 244 | 496 | 845 229 124 | 233 | 110

12 412 | 00l | 855 | 295 110 | <10 | 85 | 824 | 125 | 71

13 945 | <0.01 | 53.4 80 17 B5.1 16 9.8 175 | 239

or radiating vug infiliing. Manganites are scen as alte-
ring to pyrolusite along their margins and micro fractu-
res. High grade- hard ore exhibits relict texture of the
sponge spicules, implying a original rock of the high
grade hard ore was carbonate which was completely
replaced by manganese at first to manganese carbonate
followed by manganese oxides (Fig. 4). It is possible to
detect all the steps of the mineralization stages from cal-
cite spiculite to calcium-manganese carbonate spiculite
and finally to manganese oxide spiculite. Carbonate ore
consists of rhodochrosite and kuinahorite in colloform
texture with lepidochrosite. Microprobe studies indicate
that phosphorus content of the ore is related to carbonate

phase. Microprobe study has been carried out from car-
bonate ore samples which indicate that Mn -Calcite and
rhodochrosite is Mn 0.8 -0.2 Ca 0.2-0.8 CO3 in compo-
sition. Concretional ore is generally composed of com-
positionally banded pyrolusite, psilomelane, limonite and
cryptomelane minerals and especially occurs at the rim
of the concretion. The cortex of the concretion consist of
scattered manganese oxides in the spary calcite matrix.
The core of the concretion consisls of carbonate matter
not exhibiting laminated texture. Green claystone is
composed of mainly montmorillonite, calcite, quartz,
pypsum and pyrite. Pyrite has been determined by X-ray
diffraction and occurs as very fine grained mineral.
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Figore 4: Thin and polished section photomicrographs of the Binkilig manganese deposit. A- Thin section photomicrograph

Sekil 4

from calcite spiculite consisting mostly of monoaxon sponge spicules within micritic matrix. B- Thin section photo-
micrograph from carbonatic manganese ore showing rhodochrositic - kutnahoritic spicules within calcite and Mn- cal-
cite matrix. C- Polished section photomicrograph from carbonatic manganese ore that consist of spicules and ostraco-
da fossil. D- Polished section photomicrograph from carbonatic ore showing advanced stage of the replacement and
begin of the oxide mineral development (while is pyrolusite}. E- Polished section photomicrograph from high grade
massive ore, showing well - preserved relict spicule structures. The basal sections of the spicules are circular or elipti-
cal whereas, the longitudinal sections are needle. The ores consist complete of microscopic - submicroscopic pyrolusi-
tes, F- Polished section photomicrograph from high grade oxidised ore consisting of medium -sized pyrousites with
twin lamelia. G- Polished section photomicrograph from high grade - hard ore (mangerete) showing relict spicule
structures despile successive recrystalization events. Vug infilling type mineral growth is commen that represented by
tamella twins - bearing pyrolusites (polianite). Black is quartz. H- Polished section photomicrograph from oxidised
ore showing manganite (gray) agregates as altering to pyrolusites (white) along their rim. All scale bar represent 0.2
mm. Polished sections photomicrographs using polarised light and oil immersion, and thin section photomicrographs
using polarised light . '

¢ Binkilig manganez yataBindan ince kesit ve parlatma kesit mikrofotograflan kalsitik spikiilitten gekilen ince kesit mik-

rofotogralinda mikritik matrix iginde monoaxson tip siinger spikiilleri goriilmekte. B- Karbonatik manganez cevheri
mikrofdtografmda rodokrosit ve kutnahorit spikiitleri kalsit ve mangan kalsit matrix iginde izlenmekie, C - Karbonatik
cevherden parlatma kesitte spikil ve ostrakoda tosil yapiart. D- karbonatik cevherde ileri derecede replasmam belge-
leyen oksit mineral geligimi {beyazlar pirolusit} B - Yiksek dereceli masif cevherde parlatma kesitte oldukea iyi ko-
runmug spikil yapilart. Spikiillerin bazal kesitleri daireselden ekliptige yaklagan form verirken, parelel kesitleri ig-
nemsi gekil gostermekte, Cevher tamamen mikroskobik - submikroskobik pirolusitlerden olugmakta. F - Yiiksek dere-
celi odsitlenmis cevherden parlaima kesit mikrofotografaringa orta irilikte lamel ikizli pirolusitler. G - Yiiksek derece-
li sert cevher parlatma kesit mikrofotografinda tekrarlanan rekristalizasyon olgusuna ragmen relikt spikiil yapilan iz-
lenmekte. Bosluk dolgusu tipinde mineral biiyiimesi lamel ikizli pirolusitierle (potianit) temsil edilmekte. Siyah ku-
vars. H- Oksitlenmis cevherde parlatma kesit mikrofotografinda manganit agregatlarinin kenarlan buyunca pirolusite
(beyaz) doniigiimi. Bitiin 6lgek gubuklart 0.2 mm. yi temsil etmekte. Parlatma kesit mikrofotogratlart polarize 151k ve
yag orlarmnda gekilmistir. Ince kesit fotograflar polarize 1g1kta gekilmistir.




BINKILIC MANGANESE DEPOSIT... 19

Geochemistry

The major and trace elements including REEs of the
different type of manganese ores, and hosting carbona-
tes and silty claystone were analysed (Table 1). The
analytical results show the differences in geochemical
features between the manganese ores and host carbona-
tes and the claystone. Geochemical analyses through the
ore section reveal five interelemental groups such as Al-
Si- Na - K, Fe - Cu- Zn - P, Ba -8r- V, Co- Ni and, Cr-
Ti- Zr (Fig. 5). Mn shows positive correlation with these
element associations cxcept with detrital components
such as Cr, Ti, and Zr. Mn shows negative corrclation
with Ca and Fe,

Al- Si- Na and weak K assemblage is related to det-
rital feldspar represent by albite, andesine and labra-
dor,and mica minerals as sericite, occuring within ores
that were detected by thin section and microprobe studi-
es. Al and St association is alse related to clay minerals
as shown at the green claystone values {unit 11). Fe- Cu
- Zn-P association is mainly related to limonite and/or
iron oxides- oxyhydroxides which is relatively cariched
in the concretional ore (unit 10-12). Cu and Zn enrich-
ments within the mangancse ore may have been related
to supergene oxidation of the manganese or ferromanga-
nese deposits which is called "dubhite” by Nicholson
(1992). Cu - Zn and P also show positive correlation
with Fe and as well as Mn. Co and Ni especially increa-
se in the low grade manganese ore which could be rela-
led (o wad or weakly crystaliized manganese oxyhyroxi-
des and their high absorption capacity of the positive
charged metal ions. Co and Ni are enriched in psilome-
lanc and limonite minerals and thus pyrolusite - rich
high grade ore relatively poor as Co and Ni. Ba- Sr and
V have not individual mineral. Ba closely related to psi-
lomelane and Sr weakly correlate with Na and Si that
could be an indicator of the bounding in the crystal lati-

ce of celcian feldspar. Cr -Ti and Zr contents of the car-
bonatic host rocks and the ores are extremely fow that
indicate low detritial input to the sedimentary basin as-
sociated with tectonically stable conditions and for pe~
neplened an Oligocene paleogeography.

M/ Fe ratios of the Binkilig Mn deposit are gene-
rally high which reveals that Mn and Fe completely se-
parated during the formation of manganese deposition.
Mn/ Fe values of the low grade ores vary from 60 to 4,
whercas high grade hard ore show high values vary bet-
ween 500 and 35. Increase of the Mg is a distinctive fea-
tures throughont the ore succession which is related to
Mg - Calcite and Mg - kutnahorite formation as detected
by probe from carbonate minerats, S and C (sum of or-
ganic and inorganic carbon) contents of the ore successi-
on reflect a very interesting distribution pattern as an
increase of § in the mineralization horizon,with depleti-
on of C (Table 1). Decreasing of the carbon content at
the ore succession indicate that dissolving calcitic mate-
rial and removing carbonate from the system. The high
S content within the claystone is related to both pyrite
and gypsum.

The increase of the Ba, St, Na, P and Mg and the
certain heavy metals such as Co, Ni, Cu, Zn, and V wit-
hin manganese ore is a general phenomenon for the
manganese - ferromangancse deposits as concluded by
several investigators. However, there is not a good pub-
lished explanation of enrichment mechanism of certain
elements especially for P, Na, Mg, Sr and Ba. Very dis-
tinctive Mg and Na enrichments within ore horizons of
the sedimenl succession has been reported by Okita
(19923 at the Molongo District Mn deposits, Mexico and
at the Imini Depaosit, Morrocco, (Force et al. 1986} at the
Urkiit Deposit, Hungary (Polgari et al. 1991 } and Groo-
te BEylandt Deposit, Australia (Pracejus and Bolton
19923} Urncum district Fe-Mn deposits, Brazil, (Urban et

Table 2 : REE conlents of the Binkilic Mn ores and its host rocks (After from Oztiirk and Frakes,1995. Note that - indicate less

than 0.5 ppo.

Tablo 2 : Binkilig manganez cevheri ve yankayaglarmin nadir toprak element degerleri (Oztirk ve Frakes 1995 den) - 0.5 ppm

den az oldugunu gostermekie,

b

DR AP RSO

Unit 1 2 3 4 3 6 7 8 9 10 11 12 13
T La 3 16 | 14 .| is 10 32 12 | 17 11 21 27 9 15
Ce | 4 20 22 | 39 17 54 23 25 16 34 54 8 24
Nd 2 12 15 13 | 9 26 9 14 3 7 27 5 2|
" Sm - 2 3 3 2 5 2 3 2 3 5 I 2
Bl | - ] { 4 2 4 3 4 t 3 1 1 [
Gd | - 2 3 | 2 2 5 2 3 2 3 4 1 2
Th - - 1 - ] t - - - i 1 - -
Dy - ' 2 2 5 2 3 2 3 4 1 2
Er ST 2 2 1 3 1 1 1 2 3 1 1
" Yb . i 2 2 1 3 1 1 ] 2 3 1 1
Lu - - - - - - - - - - - -
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Figure 5. Major and trace element variations through stratigraphical section of the Binkilig deposit.
Sekil 5. Binkilig manganez yataginda stratigrafik kesit boyunca major ve iz element degigimleri.

al.1992). Force et al. (1986) concluded that thé source of  and permeability and favourabfc places for dolomitizati-

the Mg is sea water and both Mn and Mg have been de-
posited as a result of the interaction of the salty sea wa-
ter and fresh water at the coastal zone. The saline fresh
watcr mixing zone is known as an area of enhanced cal-
cite dissolution (Back et al. 1979), change in porosity

on (Randazzo and Bloom 1985). Nicholson (1992) pro-
posed a Mg versus Na diagram for differentiating super-
gene marine and fresh water deposits. The ores of the
Binkihg Mn deposit fall in the shallow marine field at
the Mg versus Na diagram (Fig. 6). However, the author
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Figure 6. Na versus Mg diagram (Nicholson, 1992) of the
Binkilig manganese deposit to discriminate superge-
ne fresh water and supergene marine deposit.
Sodyums kargi magnezyum diyagraminda (Nicol-
son, 1992) Binkil¢ manganez yataginin tath su cev-
hertesmesi ile denizel cevherlegmesi agisindan ko-
NUm.

Sekil 6.

is not sure that this diagram is acceptable for differentia-
tion of the diagenetic replacement type Mn deposits due
to complete change of the primary host rock chemistry.

Supergene albitization related to authigenic replace-
ment processes of the detrital K feldspars by Na - bea-

21

ring fluids has been discussed in detail by Saigal et al.
(1988) and Aagaard et al. {1990). The increase of the Na
through the ore section might be refated to supergene al-
bitization. The source for Na might be halite which co-
uld have been dissolved by recharging supergene fluids
through the evoporatic carbonates or salty marsh sedi-
ments. Replacement of the K feldspars such a reaction K
KAIlSi3 Og + Nat - > NaAlSi3 Og + K* is com-

mon. The potassium may react with silca thus cryptome-
lane, glauconite , illite may have been formed. Orthoqu-
artzite - glauconite- clay association is a characteristic
feature for the Oligocene Mn deposits and also for the
Cretaceous, Groote Eyland {Oswaid and Bolton 1992).
However, albite,andesine and other K - feldspar mine-
rals within the ore horizon are seem to be originating
from basement rocks based on perthitic exsolution, ad-
vanced sericitic alteration, and epidote formation.

High Ba content of the ore may be related to psilo-
melane due to lack of hollandite. High Ba contents of
the Mn deposits are known some of the deposits, (e.g.
Imini deposit up to 11 % BaO, Force et al. 1986). High
Ba and the strong Ba - Mn association has been propo-
sed to be an indicator of the fresh water manganese de-
position by Nicholson,(1992). On the other hand, Morey
and Southwick, (1993) argue that Ba mobilised in ano-
xic water conditions and precipated with manganese
when mixing with aerated water. This model generaliy
is in favour for the explanation of high Ba contents and
strong Ba and Mn association in the ores.

Low aluminium content of the ore and lack of lit-
hiophorite or gibsite within the ore indicate that long
term weathering processes are not closely related to Mn
deposition, Al and Si contents of the ores had been plot-
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Figare 7. Al versus Si diagram (Crerar et al. 1982} for the Binkilig Mn ores,
Sekil 7. Binkilig manganez cevherinin Al-Si diyagramindaki (Crerar ve dig. 1882) konumu.
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ted on the diagram of Crerar ct al. (1982) to determine
hydrogenic and detritial- diagenetic contributions to the
ore formation. The Binkih¢ Mangancse ores generally
fall in the hydrogenous - detrital field rather than diage-
netic ones as shown in figure 7. Main explanation of this
phenomenon is retatively low clay content of the pri-
mary caleitic sediments. The reason for high Si is the
presence of detrital quartz within ore, In addition, Si was
introduced to the system by supergene silicification rep-
resented by chalcedony and secondary quartz.

Rare Earth Element Geochemistry

Rare Earth clements contents throughout the ore
seclion are generally lower than the North American
Shale composite (NASC) values with exception of Eu
(Table 2). All the stratigraphic units shows characteristic
REEs paltern representing by strongly positive Eu and
weakly negative Ce anomalies (Fig.8), All the REEs
typically increase at the mineralization level. The conge-
rian limestone cspecially have low REEs content where-
as, claystone and marl have nearly similar REEs con-
tents with ores.

Mean values of the Eu is 2 ppm which is higher
than that for NASC (1,24 ppm). On the other hand, the
mean value of Ce is 26.1 ppm which is three times lo-
wer that for NASC. None of the major or trace element
shows a lincar dependence with REEs. Mean value of
the Cef La is 1.7 ppm which is very close to NASC va-
lues (2.3 ppm).

Interpretation of REE pattern

Although a cusrent studies carried out o the relati-
onship between manganese deposits and their rare earth
clement distributions, there is neither generally accepted
distribution pattern reflecting that the processes of the
formation of manganesc deposits such as hydrothermal,
hydrogenetic, and dizgenetic., nor formation conditions
such as oxidative or reductive. Two important elements
of the rare earths, Cc and Eu especially has been used as
an approach for origin of the fluids and redox potentials
of the depositional environment. Minor negative Ce
anomalies presumed as the indicator of volcanogenic in-
put (Fleet et al. 1976) or to be indication ol hydrother-
mal contribution 1o sea water (Bender et al. 1971,
Dymond et al. 1973) Positive Eu anomalies generally
has been accepted as an indication of retlection strongly
reducing conditions as shown in banded iron formations
(Graf,1978) .Otherwise, Kunzendorf and Glasby (1994)
determined positive Ce and mildiy negative Eu patterns
in modern manganese nodules and crusts at the occan
basin, formed in oxidative depositional conditions [ The
inverse REE pattern of the Binkilig manganese ore com-
pared to the oxidative condition products, on the cont-
rary indicate that manganese depositions took place in
reducing conditions. However, both secondary mobilisa-
tion of the REE clements relaied to secondary replace-
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Figure 8. Shale- normalized REE pattern of the stratigraphic
uitits through the ore scction.

Cevher siitunu boyunca Kuzey Amerika Seytlerine
oranlanmig nadir toprak elementlerinin degigim gra-
figs.

Sekil 8.
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Figure 9. Formation modet for the Binkiltg manganese deposit. I: Changing of deposition condilion from lagoon or brackish wa-

Sekil 9.

ter to marsh and finally - delta environment related to sea regression. Calicification and carbonate concretion might he
occurred locally, presumably close to the exposed surface regression related mud plain. H: Claystone deposition were .
formed under the extremely low sedimentation and aroxic condition, in where aquatic fauna were completely extine-
ted due Lo basinal anoxja. Iron and manganese rich anoxic fluids moved downward and the first Fet2 has heen trapped
at the claystone carbonates interface and following Mn has been deposited as a result of gradually increase of pH and

Eh. III: Replacement of the carbonatic sediments by Mn™2 and cerlain manganophiie elements rich anoxic and possib-
le mildy acidic supergenc waters. Fresh water action may have been played a role a5 carrying both oxygen and metal
ions into interaction zone. [V: Downward penetrating supergene solutions and ground water flow has been resuited the
manganese oxide infiltrations, late diagenetic manganese enrichments and recrystalization amorph or weuakly crystali-
zed wad or psitomclane to pyrolusite. Numbers indicate., 1: Congerian {imestone, 2: reworked carbonate pisolites und
concretions, 3: spiculite. 4: feldspatic detritics, 5: carbonate concretions 6: claystacne 7: deltaic sand - mud 8: calcite
geods 9: high grade - hard ore 10: low grade - soft ore. 11: infiltrated ore.

Binkili¢ managnez yatag igin dnerilen olusums modeli. I: Su seviyesindeki diisme ile havza ¢tkelim kosullarinm la-
giinden act suya - bataklifa ve delta ortamina doniistimii. 11 Oldukea diigiik sedimentasyon oranly, durgun ancksik or-
tamda kiltaglarmin ¢okelimi ve havzadaki anoksia nedeniyle su canlilarinda toplu 8liimiin geligimi. Demir ve manga-
nezce zengin anoksik suyun dip sedimentlerin igine difiizyonu, Eh ve pH degiisimine bagh olarak, demir +2 iyonlarin
ve manganez karbonatlarin su - karbonatik sediment ara yiizeyinde ¢okelmesi. 111 Karbonatik sedimentlerin +2 deger-
It manganez ve manganofil elementlerce zengin hafifce asidik siiperjen sistem tarafindan ornatlmas:, Yeraln suyn, el-
kilegim zonuna oksijen ve metel tagiyarak manganez gikeliminde rol oynamig olabilir. IV: Sediment icine sizan sula-
rin devine penetrasyonu mangenz oksit infiltrasyonlarl, geg diyajenetik zenginlesmeleri ve amarf veya zayif kristallen-
mig psilomelenlarin pirolusite oksitlenmesini saglamssar. - Konjeryali kiregtast, 2- yeniden islenmis karbonat pizolit-
feri ve konkresyonlart, 3- spikiilit, 4- feldispatik kirnulilari, 5- karbonat korkresyonunu, & - kiltast, 7- deltaik kum -
garnur, 8 - kalsit jeodlari, 9- yiiksck derceli sert cevher, 10 diigitk dereceli yumsak cevher, 11- infillrasyon cevheri .

ment processes and also some of the clements could be
originating from original lithologies that may have been
served to change of the nature of the REEs. The close
relationship between REEs contents of overlaying clays-
tone and marls (unit 11- 13) and manganese orc may bc
an important indicator of the supergene processcs or a
link between claystone deposition and manganese ore
formation. Another reason of the high Eu contents wit-
hin the ore horizon is presence of the feldspar minerals.

Conclusion

Stratigraphic relations indicate that the Oligocene
Binkilig manganese deposit was deposited in shallow
water conditions during the regression, passing from la-
goon to brackish water and deltaic sedimentation. The
regional uplifting and teclonically stable conditions du-
ring the manganese deposition marked by biostromal
carbonates and the following very fine laminated clays-
tone deposition. During the claystone deposition basin
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water was strongly anoxic and therefore fish and other
aquatic fauna such as shark had been extincted. This is a
general phenomena through the Paratethys deposits,for
example similar fossils are found within the Maikop
black clays that occur top of the Chiatura manganese ore
deposit (Bolton and Frakes 1985). The ortginal source of
the manganese was land, that transported to the basin
possible during the extensively development of a soail
zone under the special climate, The manganese has been
concentrated in the H,S -rich anoxic basin water and its

land extension sediments.

Manganese ore formation were lithologically cont-
rolled by the deposition and the distribution of the car-
bonates which formed in lagoon and bay environment of
the Thrace basin. Such environment were very favou-
rable places for both primary manganese accumulations
and also secondary input by fresh water flow with large
volume.

A conceptual formation model for the Binkih¢ man-
ganese deposit is seen in figure 9. The mineralization
has been formed as a result of the carbonatic host rock
replacement by the manganese - rich downwelling ano-
xic basin water. This time fit to the extensively terrestri-
al weathering and claystone deposition. The first Mn
carbonates and ironoxides has been formed by early dia-
genetic reactions at the sediment sea water interface and
thus iron partly trapped at this level. Diffusion of the
manganese to downward and deposition in there as man-
ganese carbonates and oxihydroxides is coeval with
claystone depositon. The presence of the fresh feldspar
minerals within the both low grade and high grade ore
indicating alkaline conditions during the carbonate de-
positons and fluid sediment interactions In this manner,
manganese - bearing supergenc solutions were not aci-
dic and organic reactions has not been played major role
at the manganese deposition. Complete replacement pro-
cesses of the carbonatic matter is evidenced essentially
by petrographic study. The high grade - hard ore has be-
en formed by ground water action during the late diage-
netic slage and ore section has been mostly oxidised.

The negative Ce and positive Eu anomalies, presen-
ce of the pyrites and faunal extinction during the clays-
tone deposition indicate that depositional condition was
strongly anoxic during the claystone deposition and coe-
val manganese ore formation However, the reason of the
global anoxia throughout the Paratethys during the Oli-
gOCene Temains as an enigma,
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Ozet
Binkilig manganez yatagi Trakya Havzasinda Oli-
gosen yag konaginda bulunmakta, cevher tipi , yast, yan

kaya iliskileri, mineralleri agisindan Giirciastan (Chiatu-
ra), Ukrayna (Nikopol} ve Bulgaristan'daki (Varna) ya-
taklara oldukga benzerlikler gostermektedir. Cevherles-
me, altaki karbonatlarla iistteki kiltaglar: arasinda bulun-
maktadir. Karbonatlar oksik ortami, kiltaslart ancksik
ortam: karekterize ctmektedir. Oksik sitregten anoksik
siirece geciste gergeklesen managnez ceveherlesmesi
alttan iiste mineralojik, kimyasal ve yapisal olarak fark-
hhiklar gostermektedir.

Tavanda kiltaslarinm hemen altinda yer alan zon,
ecsas olarak demir oksit ve manganez karbonattan olus-
makta, konkresyonel yapt gostermektedir. Orta diizey-
lerdeki masif sert cevher bantlar pirolusit ve manganit-
ten olugmakta ve pizolitik yapt gostermektedir. Fn taba-
na yakin kesimlerde yumsgak cevher ve infiltrasyon cev-
heri s6z konusudur. Bu diizeyin egemen minerali psilo-
melandir. Yitksek dereceli sert cevher ve infilirasyon
cevheri geg diyejenctik siireglerin, manganez karbonat-
lar - oksihidroksitler erken diyajenetik evre {irlinii olma-
lidar, '

Manganez yatagindaki petrogarfik - petrolojik ince-
lenemler cevherlesmenin karbonatik kayaglarin replas-
maniyla oldufunu géstermektedir. Bu baglamda, cev-
herlesme, iisteki havza suyunda zenginlegen manganez
iyonlarinin tabanda bulunan kalsitik maddeyi replese
ctemek suretiyle geligmigtir. Cevher diizeyinde yapilan
nadir toprak element analizleri degerleri ve element pa-
terni agisindan iistteki kiltasina benzerlik gostermekte-
dir. Bu duram, anoksik siireglerle cevherlegme arasinda
dnemli bir baglantinin oldugunu gdstermektedir.
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