Balya Kursun Madenleri (Turkiye)

Cografi vaziyet

Balya kursun madenleri Anadolu'nun
garbindaki Balikesir vildyetinde kain ve
Balikesirden asagi yukari 50 km-lik bir
mesafededir. Truva harabelerinde bulun-
mus simdiye kadar en eski addedilen kur-
sun esyanin, Balya'nin buraya yakinligi
dolayisile, bu madenlerden ¢ikarilmig kur-
sundan mamul olmast muhtemeldir.

Bu madenler Periklesin zamamndanbe-
ri isletilmistir, fakat fenni ve modern ma-
dencilik metodlarinin tatbikile muntazam
isletme 1880 e dogru baslanmustir.

Madenleri ve keza Anadolu'nun biitiin
bu kismimi c¢evreliyen arazi yiiksekligi de-
niz seviyesinden 250 ild 400 m. arasinda
degisen ve nadiren 500 ila 600 m. ye erisen
kiiciik sira tepelerden miitesekkildir. Ara-
zinin umumi meyli ve vadinin istikameti
simali sarkiye ve simale miiteveccihtir.
Biitiin ¢cay ve derelerden az miktarda su
akar ye bunlardan bazilar1 da agustos ve
eyliil aylarinda tamamile kurur.

Stratigrafi ve tektonik hakkinda
baz1 izahat

Bu imtiyazli madenin, jeolojik harita-
sinda goruldigi gibi (sekil No. 1.) hudut-
lar1 dahilinde en hakim ve en cok bulunan
risubi sahreler yukar1 karbon yahut Per-
mo karbon [*] kalkerlerile bunlarin iize-
rinde diskordan vaziyette bulunan {ist
Trias [**] teressiibattir. Bu riisubi sahre-
ler, simali sarki istikametini haiz yatik II-
tivalar teskil etmektedir.

(*) 6. V. Bukowski «Die geologischen Ver-
haeltnisse der Umgebung von Balya Maden im
nordwestlichen Kleinasien» 1892, Wien.

(**) A. Bitner «Trias Petrefacten von Balya
in Kleinasien» 1891, Wien.
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Yazan: Miih. jeolog V. Kovenko

De Launay'e [*] gore bu Iltivalar Al-
pin devrine aittir. Bunlar viicut bulduk-
tan sonra faylarla (A. sisteminin faylari)
istikametlerine muvazi olarak kesilmis-
lerdir.

Mubharrir permo-karbon kalkerinin her-
sinyen [**].iltivasindan miiteessir oldugu-
nu zannediyor.

Maden imalatinin viis'ati ve coklugu
cevher yataginin tektonik karakterini
etlit etmeyi kabil kiliyor. (Sek. No. 2) deki
jeolojik sakuli makta, (Sek. No 1 ve 3) de
gosterilen A-B hatti1 boyuna alinmistir. B
ve C sisteminin catlaklar1t A sistemindeki-
lerin arkasindadir, ve bunu kesip geger.
(Sek. No. 3).

Balyadaki ilk dasit-riolit indifainin
Tersier devrinde vukubuldugu kabul olu-
nabilir. Bu havali Jura kretase, ve Tersier
risubi sahrelerinden [***] mahrum oldu-
gundan boyle bir faraziyenin tahkiki icin
kestirme bir ispat yoktur. Fakat (sek.
No. 2) de gorildiigi gibi desit indifai Al-
pin devrine ait iltivalarin lizerini kapli-
yor.

Madenin az ¢ok uzakta Anadolu'nun bu
kistmlarinda Miyosen tesekkiilati oldukca

yayilmistir. Bu havalinin ekstrusif sah-

(*) L. De Launay «La Geologie et les ri-
chesses minérales de 1'Asie» 1911.

(**) E. Chaput'ye gore Balyadaki Perm ta-
bakalar1 Hercinyen iltivasindan olmustur (E. Cha-
put «Voyages d'etudes géologiques et géomorpho-
géniques en Turquie);» fakat E. Chaput hartasi
(planche 1 Esquisse de I'Evolution Tectonique de
la Turquie) Balya maden havalisinde Tersier ilti-
vasi da gosterir.

(***) Tchihatcheffin (1866) hartasma ve Phi-
lippsonun 1.300.000 (1910) hartasmna gore.



Balya Madeninin Jeolojik Hartas:.
Geological Map of Balya Mine.
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releri asagi yukarr bu devre aittir. Benze-
yis yuziinden Balya'daki indifai sahreler
Tersier risubi sahrelerile c¢agdastir.

Indifai sahrelerin tarifi

Balya'da asit lavlar ilk en eski indifa
neticesinde meydana c¢ikmislardir ki, bun-
lar bir dasit - riolitden ibarettir.

Yukarda soOylendigi gibi bu efiizif sah-
reler erozyon hadisesile fazla asinmis ri-
subi iltivalar1 ortmektedir. (Sek. No. 2).
Ayni zamanda catlakliklar arasina da gi-
rerek apofiz ve dayklar husule getirmis-
lerdir. Mesela sekil 2 ve 3 de gosterilen
«beyaz dayklar gibi». Henliz iyice tesbit
edilemiyen bazi emareler vardir ki, apo-
fizlerin yalniz riisubi sahreleri degil, ayni
zamanda dasit kitlesini de kestigini gos-
termektedir. Bu yiizden apofizlerin dasit
kitlelerinden sonra vukua gelen bir; indifa_
neticesinde hasil olduklar1 kabul edilebi-

Bu iki sahrenin tekstiir ve elemanlari
bakimindan nadiren bir fark gorilebilir.
Dasit-liparit taslarinin lammensleri tze-
rinde yapilan tetkik andezin fenokristalle-
rinin kismen kalsit, serisit, kaolin, pirit ve
nadiren de epidota yerlerim terkettikleri-
ni gostermistir. Bazi sanidin mikrolitleri
de bulunmustur. Feldispatlardan daha az
miktarda ve magma tarafindan yenmis bir
vaziyette kuartz taneleri gorilmiistiir.
Biotitin yerini muntazaman serisit veya
klorit almistir. Pek kiiciik bazaltik horn-
blend kristallerine de arizi olarak tesadiif
edilmistir. Esas kitlenin striktirii mikro-
felsitiktir. Bu sahre takriben % 58 ild 62
silis ihtiva etmektedir.

Yukarda sOylendigi gibi apofizlerin ter
kibindeki elemanlar umumiyetle buylik
dasit-liparit Kkitlelerinin elemanlarimin ay-
nidir. Yegdne fark daha fazla biotitle epi-
dot smifina mensup mebzul miktarda tali-

mineraller ihtiva etmesidir. Apofizler %
57 ila 60 silis ihtiva etmektedirler.

Volkan faaliyetinin ikinci devresi diger-
lerinden biraz daha bazik bir hornblend
andezit lavlarile kendisini gosterir.

Sahrenin mikroskopik etiidii biiyiik an-
dezit kristalleri, biotit ve koyu yesil horn-
blendler ihtiva ettigini gostermistir. Bu
hornblendler az miktarda uralitize olmusg-
tur. Opak mineraller manyetit ve ilmenit-
ten ibarettir. Nadiren kuartz da bulun-
makta ve esas kitle cam striiktiiruni arz-
etmektedir.

Andezit sahresi dasit-liparit Kkitlesini
cevrelemekte ve bazan A,B,C, istikamet-
lerinde «yesil dayk» lar halinde kesip geg-
mektedir. (Sekil No. 1), yesil andezit de
augit-andezitlerle cevrilmistir. Bu sahre
augit ile birlikte zonal striikturlii labra-
dor-andezin ve bazaltik hornblend ve bio-
titi ihtiva etmektedir. Esas kitle kuvvetli
cam struktiiruni gostermektedir.

Bu sahre hakim vaziyette olup, Anado-
Iu'nun bu kisminda fazla yayilmis bulun-
maktadir.

Mr. Weiss [*] tarafindan Balya maden-
leri hakkinda yazilmis olan kisa bir etiid-
de cevher yatagi karbon devrine ait kal-
kerlerle augit-andezit arasinda bir meta-
morfik kontak olarak gosterilmistir. Mr.
Weiss'in Balya'y1r ziyaretindenberi maden
imalat1 fevkaldde inkisaf etmis ve suhu-
run tecezzi etmemis kisimlarina inilmis
bulundugundan, bu iki sahre arasinda mi-
neralize olmus kontak bulunmadigini soy-
lemek mumkiindir. Bu augit-andezit Kkit-
leleri mineralize dasit-liparit kitlelerin-
den hornblend aridezitlerile ayrilmis bu-
lunmakta ve 2-3 km. mesafede kaindirler.

(*) Weiss «Zeitschrift fiir praktische Geolo-
gie», 1901, Vol. IX. R. Beck «Lehre von den Erz-
lagerstaetten,» Berlin 1909.
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Muhtelif mineralizasyon tipleri

Mineralizasyon tipleri hakkinda daha
iyi bir fikir edinebilmek icin bunlari, me-
tazomatik yahut <«remplissage>> tipinden
damarlara miisabehetlerine nazaran siif-
lara ayrilmuslardir.

Tabii Balya'da damarlar tek bir tipe
miinhasir degildir, fakat ana sahrelerin
metazomatik bir tarzda degismiye goster-
dikleri az veya cok istidatla bir veya diger
tipin emareleri hikim veziyete girer. Bu
metazomatik tarzin en ziyade tesiri altin-
da bandh striiktiiriine nadiren rastlanir.
Kalkerin de yerini pek kolaylikla cevher
alir, buna ragmen kalkerde miitenaziran
bandli damar striktiiric ekseri bulunur.
Cevher nadiren trias marn ve kuartZzitle-
rinin ve daha nadiren de trias arduazlari-
nin yerini alir, arduazlar daha ziyade
bandli striiktiirii olan «remplissage» tipini
ihtiva eder. Bu son sahre

kitlesi gittikce Kkesiflesir, catlaklart yok-
tur, mesamiligini kaybeder ve 1list kisim-
lardaki gibi metazomatize degildir.

Bu cesit mineralizasyonun tabanini ye-
sil bir dayk teskil eder. (Bonne Esperance,
«Aga Hilihi» madenleri (Sek. No. 2).

«Bonne Espirance» havalisinde cevher-
de yesil ve menekse rengi «fluorite» de bu-
lunur. «Bonne Esperance» taki dasit-liparit
taslarinin lammensleri lizerinde yapilan
tetkikat cevherin biotite ve baslica plaji-
okloz-in daha az bir nisbette de esas Kkitle-
nin yerini aldigin1 gosterir. Ayni zaman-
da, kii¢iik bosluklara tevazzu etmis olan
cevherin ekseriyetle fluorite ve nadiren
adularia ile beraber bulundugu fark olu-
nabilir.

Bu nevi mineralizasyonun menseini an-
latabilmek icin mesamatli lavlarin sogu-

pek az metazomatize ol-
mustur.

Tip 1. Porfirik cevher

«Porphry Ore»

Yukarda isaret edildigi
gibi ezilmis dasit-liparit
kitlesi en cok metazomati-
ze olan sahrelerdir. Bun-
daki mineralizasyon meta-
zomatik tipine en yakin
kabul olunabilir, cevherle
ufak ufak beneklenen me-
samatt1 dasit-liparit kitlesi

Sekil_ 4

v YV YV oy
icin dahi vaziyet boyledir.
Bu «Porphry Ore» diye i RETLER .. LEGEND
tesmiye edilen tiptir. Bu L‘-L -
gesit mineralizasyon vadi- AN ;ﬁg” "mﬁ‘ﬁ;--

nin seviyesinden 80 metre-
den daha fazla derinde bu
lunmaz. Daha derin sevi-
yelerde cevher cok daginik
bir haldedir, bunun igin
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ma esnasinda takalliisten dolayr catlamis
olduklarini kabul etmek lazimdir.

(Sek. No. 4) Tektonik hareketlerden ha-
sil olan genis ve derin c¢atlaklar minerali-
zatorlere yol verir. Bu mineralizatorler
catlaklarin tavanina tesir etmis ve meta-
zomatik bir tarzda bazi elemanlarin yeri-
ne gecmistir.

Andezitin son indifai esnasinda bu, tek-
tonik catlaklar1 da doldurmustur. Boyle-
likle yesil andezit dayklarini viicude ge-
tirmistir. iste bu sekilde yesil dayklarin
tavanlarinda cevher bulunur. Fakat bu
hadise umumiyetlestirilerek biitlin yesil
dayklarin tavanlarinin muhakkak minera-
lize oldugu iddia edilemez. Mineralize ol-
mus mintakalarda bazan yesil dayklarin
tabani cevher de ihtiva eder, fakat bu
ehemmiyetsiz miktardadir. Dagilmis cev-
herlerin havalisinde kursun mubhteviyati
pek gayri muntazamdir. Cok zamanlar
biitiin asag1 dereceli (% 3 ila 4 kursun bu-
lunan) cevherlerde uzun arastirma calis-

malart yapilmalidir ki % 7 ild 9 arasinda
degisen kursunlu cevhere rastgelinsin.

Bu nevi cevherin genis miktarda bulun-
dugunu ve bilmukayese biiytiik kursun ih-
tiyatin1 havi oldugunu nazar itibare al-
mak lazimdir. Kursun satis fiyatinin dii-
sukligi ve sert olan cevherin ezilme mas-
rafinin coklugundan dolayi, bu cevherler
son zamanlarda igletilmemistir.

Tip II. Kontak damarlan

Baska bir tip de, bir tarafta apofiz ya-
hut beyaz daykin, diger tarafta rusubi
sahrelerin kontaginda bulunan damardir.

(Sek, No. 5), Bu halde cevher en cok
dasit - liparitin tabaninda bilhassa made-
nin Ust katlarinda bulunur. Bu dasit - li-
parit asagidan gelen mineralizator sulan
icin bir kapak vazifesini gormustiir.

«Cevher yataklarr» nin bazi muharrirle-
ri, indifai sahrenin mineralizator <«ular
icin bir kapak oldugunu kabul ederler ve
indifai sahrelerini izah ederler. Cevher bir
de dasit - liparit'in tavaninda fakat az

miktarda bulunur.

Sekil_ 5

ISARETLER_LFGEND
3tk Liparit..

Dacite_Liparie
m Aather ..

Limesfone .-
posiiisi

- -

TAENSI4.%

Bu damarlarin kalinlig:
ziyadesiie degisir; istika-
metleri boyunca bazan di-
sart dogru cikarlar ve 10
ild 150 metrelik bir mesa-
fede kaybolurlar.

Capraz catlaklar minta-
kalarinda <B), bunlar ek-
seri dislokasyon f aylandir,
ve mineralizasyon tekrar
goruntr.

Boyle capraz catlaklar,
ufki makta uzatilmis elips
seklinde yassi kolonlar vii-
cude getirir, elipsin biiylik
mihveri 10 ila 30 metre ve
bazan daha uzun, kiiciik
mihveri ise 1 ila 5 metre

arasinda ve nadiren olarak
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8 ild 12 metre arasindadir. Cevher ko-
lonunun yuksekligi 30 ila 200 m. arasinda
degisir.

Ufki maktalar da muhtelif yiikseklikler-
de bir hayli degisir. Damarlarin gang'i
icinde ana sahre <«horses» larinin mubhte-
lif parcgalart bulunmustur.

Taban ve tavanlarin dasit - liparitleri
cevher tarafindan beneklenmistir, binaen-
aleyh bu nevi cevher az cok birinci tip
<<Porphyry Ore» abenzer. Fakat kalkerde-
ki kontak damarlarinin dallanmasi evvela
remplissage tipindeki damarlarda cok iyi
bilinen cevherlerin bandhi  striiktiirind
temsil eder. Bu damarlarda umumiyetle
pirit ilk mineraldir, galen ve blend ise
ikinci derecede tevazzu eden mineraller-
dir.

Gang hemen hemen hicbir zaman meta-
morfik kontak minerallerini ihtiva etmez.
Kontak yataklarina ait olan tipik «skarn»
burada mevcut degildir. Gang'in minerali
olmak dolayist ile kalsit hakim bir vazi-
yette oldugu halde gang'in bazi kisimla-
rn kuartz'dan miitesekkildir. Fluorit, nadir
olarak adularia, ve ciizi miktarda tremo-
lit bulunur, ve yalniz lammenslerde gorii-
lebilir, nadiren bazi1 yerlerde megoskop ile
gorulen grenat ve epidot bir istisna yapar.

Dasit - epidot buytuk kitlelerinin (dayk
degil) riisubi sahrelerle olan kontaklari-
nin (seki. 2 ve 3 «K») piritden maada mi-
neralizasyon bakiyesi  ihtiva etmedigini
nazan itibara almak ehemmiyetlidir; bu-
na ragmen, bu kontaklar bir cok galeriler
vasitasile dikkatle arastirilmig ve tetkik
edilmistir. Bu kalkerin dasit - riolitle kon-
tak mintakasi hicbir suretle umumi kal-
ker kitlelerinden farkli olmadig: gibi mer-
merlesmemistir bile.

Thip II1. Kalker dahilindeki cevher

Bu Uclincu tip, biiylik kalker Kkitlelerin-
de bulunan gayrimuntazam kolonlar ve
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damarlar seklindeki cevherin tipidir. Bu
tip «Porphry Ore» (tip No. 1) den once
koyulmaliydi, amma bu tipin damarlari
ekseri miitenazir band halinde karakteris-
tik damarlar arzeder. Belki de buna sebep
bliytik kalker kitleleri ile indifai (dasit -
liparit) sahreler arasindaki mesafedir.

Bu tipten genis cevher kolonlari bas-
Iica San Su madeninde ve Ar1t madeninin
bir kisminda zuhur eder.

Cevher, mermerlesmis kalkerlerde daha
mebzul oldugu gibi, siyah kalkerlerde de
bulunur.

Tip IV. Riisubi sahrelerin tabakati
arasmdaki cevher.

Dordiincii tip damara mubhtelif risubi
sahreler tabakatinin ve ayni tesekkiilati
haiz olan (arduaz) yataklarinin arasinda
viicut bulan «filon - couches» tipi denile-
bilir. Karbon devrine ait kalkerle kuart-
zitler arasinda daha ziyade bulunan mi-
neralize olmus kontaklar, arduaz ile kuart-
zit arasinda daha az zuhur eder. Bu ka-
tegoriye ait damarlar remplissage tipinde-
ki damarlara benzerler. Metazomatik ha-
disat burada daha belirsizdir; demek ar-
duazlar cok az metazomatize olmustur.

Yassi kisimlarinda, damarlarin kalinlik-
lan1 fazlalasir. Gang kontak damarlannda
oldugunun aynidir. Great ve keza aktino-
lit grubunun mineralleri de bulunur, ba-
zan bunlarin miktar1 mikroskopiktir.

Miitenaziren bandli striiktiirli damar-
lar, arduazlann tabakiti arasinda zuhur
eder; fakat bu damarlar ne atesge coktur,
ne de ehemmiyetli bir kalinhiktadir.

Orpiman ve baska cevherler

Biraz realgar ihtiva eden iki orpiman
cevher blinyesinin tamamen miicerret ola-
rak zuhur ettigi bilinmektedir.

Siyah kalkerin ezilmis kisimlarinda, or-
piman yassi1 adeseler viicude getirir. Ga-



len, pirit, hematit ve biraz blend bunun-
la birlikte bulunur. Gang ekseriya mesa-
math silisten miitesekkildir.

Balya cevherinde (Fe S,, Pb S, Zn S),
pek az miktarda kalkopirit mispikel, Fahl-
erz, burnonit, jamesonit, ve bismutini ig-
neleri, pek ender olarak da nativ tellurium
bulunur.

Derin seviyelerde (300 ila 330 m.) kal-
kopirit ve burnonitin miktar1 artar. Esas
«bullion» un vasati terkibi sudur : Pb -
97.76 %, Sb-0.53 %, Sn - 0,11 %, Bi - 0.01 %,
Cu - 0.54 %, Fe - 0.03 %, Ni 0.004 %, Cd -
0.01 %,As-0.25 %, S - 0.47 %, Au - 7 Gr/t,
Ag 1938 Gr/t kursun.

Cevherin vasati derecesi santyedeki bi-
rinci tasniften sonra % 12 dir.

Siilfiir halindeki ilk cevher

Birinci zonun ust kisminda galen ha-
kim bir vaziyettedir, fakat derine gittik-
¢e blend'in miktar1 artar.

En genis miktardaki cevher satha yakin
bulunmaz. En buiyiik cevher kolonlarindan
bazisi hi¢ satha ¢ikmaz. Vadinin dibinden
150 m. de cevher kolonlarinin azami te-
kdmiile malik olduklari tesbit edilmistir.
Bu noktadan asagi, cevher bilinyeleri kii-
¢lilmege baslar ve kursunun kiymeti de
azalir.

200 den 250 m. ye varan derinlikte cev-
her en genis miktarda blend ve pirit ta-
sitmaga baslar. Halihazirda en derin se-
viye 330 m. dir.

Semantasyon zonu
Umumiyetle kursun madenlerinde far-
kina varilacak semantasyon zonu mevcut
degildir. Bu zon Balyada hic¢ yoktur.

Okside Zon
Satha cikmig cevher bilinyelerinin bazi-
lar1 manganez cevherinden mitesekkildir.
(An ve koca). Bu cevher 10 ild 40 m. den
daha derinde devam etmez. Bunun kal-

kerlerdeki ceplerde zuhur ettigi gorilmiis-
tir. Derinlerde manganez tamamile mef-
kuttur. «Chapeau de fer» her zaman muh-
telif demir oksitleri ve demirli kalamin-
den mutesekkildir.

«Chapeau de fer »altinda, belirsiz bir
miktarda anglezit, seruisit ve keza tama-
mile altere olmus biraz galen ihtiva eden
okr'lar bulunur. Maden imalatinin burada
asag1 yukar1 2000 seneden beri mevcut ol-
dugu ve dagin, vadinin dibinden itibaren
150 m. ye kadar yiiksek oldugu nazari iti-
bare alinirsa, cevher yatagi sularinin es-
ki zamanlardan beri buradan akmasi ihti-
mali vardir.

Bundan dolayi, maden imalatinin bas-
langicindan evvel mevcut bulunan, yeral-
t1 suyunun hali hazirda seviyesini tesbit
etmek cok miigkiildiir. Okside zonun de-
rinligi icinde vaziyet bu merkezdedir. Ba-
z1 yerlerde okrlar serusait ile vadinin di-
binden asagi dogru 150 ila 180 m. lik bir
derinlikte bulunan kolonlar viicude geti-
rir. Okside cevher kolonlarinin bu gayri-
tabil mevcudiyeti arazinin umumi ¢cokme-
sinin bir neticesi diye izah edilemez.
Eger bu boyle olsaydr Balyadaki biitiin
cevher kolonlarinin okside olmasi lazimge-
lirdi; mamafih cokmeden miitevellit ok-
side zonlarin boyle hakiki Idrostatik sevi-
yeden c¢ok asagida devam ettikleri bilinen
bircok madenler vardir. Eger asid karbo-
nik ihtiva eden ve yukari ¢ikan sularin ha-
kikaten okside olmus cevherin i¢inden ev-
velce gectigi kabul edilirse (Post. volka-
nik, idro - termal sularin son faaliyeti),
madenlerimizdeki bu hadisat izah olu-
nabilir.

Filhakika okside olmus kolonlardan 350
metre Otede yukari ¢ikan suyun bir men-
bai 30 sene evvel mevcuttu. «Orta» kuyu-
yu su basinca bu havali faaliyetle pompa-
landigindan bu menba kaybolmustur.
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Onun yerinde simdi ¢ok miktarda kalkerli
sinter vardir.

Cevher yatagmn tekevviinii

Balyadaki mineralizasyon dasit - lipa-
ritle jenetik miinasebettedir. Dasit - lipa-
ritin buitin kitlesi, ve keza bu sahrenin
apofizleri ¢ok altere olmus ve ekseriya mi-
neralize olmustur. Hornblendli andezitle-
rin indifaina hi¢ bir mineralizasyon refa-
kat etmemistir.

Yesil andezit, dasit - liparit kadar meta-
morfize olmus bir sahrenin tesirini ver-
mez. Andezit kitlelerine imtiyazli Balya
madeni civarinda sik sik tesaduf edilir.
(Sek. No. 1), fakat andezitin pek yakinla-
rinda, bu sahrenin kontaginda kalkerin
beyaz mermere (Yar pinar havalisi) ta-
havviil ettigi goriilmiigse de, hicbir cev-
her emaresi bulunmamustir.

(Cevher daima dasit - liparitle birlikte-
dir, ve buyuk tektonik catlaklar mintika-
sinda goruliir.

Balyadaki bes madenin de dasit - lipari-
tin apofizlerinde kdin oldugunu nazan iti-
bara almak ehemmiyetlidir. An maden-
lerinde 3 apofiz vardir, San Su, Koca, Or-
ta ve Karaca madenlerinin herbiri bir apo-
fiz tstlindedir.

Apofiz sekilleri ne kadar ¢ok ve kan-
siksa, bulunan maden de o kadar zengin
olur.

En verimli damarlar apofizlerin tekatu
noktalarinda ve mubhtelif riisubi sahreler
arasindaki kontaklarda bulunur.

Dasit - liparit kitlesinden hasil olan
ve rlisubi sahrelere niifuz eden apofizler,
dasit - liparit eflizyonu koklerinin bir kis-
mi1 gibi goriintirler. Dasit - tarafindan do-
lan muhtelif fay ve catlaklarin iglerinden
lavlarin akip gectigi bosluklar oldugunu
kabul etmek lazimdir.

Arduazlarda apofizler devamli degildir-
ler ve yok olurlar. Genis cevher biinyeleri
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catlak ve kirik zonlar mintakasinda te-
merkiiz edip, ezilmis elemanlart metazo-
matize ederler ve bazan da bunlarin ara-
larindaki boslugu doldururlar.

Netice olarak Balya cevher yataginin
metazomatik damar yataklari grubuna da-
hil oldugu soOylenebilir. W. Emmons ve W.
Lindgren [*] in tasnifine nazaran Balya
cevher yatagl orta derinlikte ve 150 ila
300 derecelik, yahut 300 dereceye daha ya-
kin (grenat'nin mevcudiyeti) bir siihunette
tesekkil etmistir.

Filhakika Balyanin gang minerallerinin
bir kismi boyle bir sithuneti gosterir.

Balya madenleri «Societe des Mines de
Balya - Karaaydin», isminde bir fransiz
sirketine aitti.

1913 deki cevher istihsali, 13.980 ton, eri-
mis kursun kiilgesi ile birlikte 140.300 ton-
du.

Maden, biuyiik harpte kapatildig: icin,
ise 1920 senesinin sonunda tekrar baslan-
mustir, ve 1921 senesinin kiilce kursun is-
tihsali 8345 tondu. Turk - Yunan husume-
tini miiteakkip senelik istihsal 3.400 tona
duistii.

1927 de cevher istihsali 80.320 ton ya-
hut kiilge kursun istihsali 8,054 tondu,
1928 de bu 68.938 ton cevher yahut 7.140
ton kiilge kursundu.

1929 da Balya sirketi eski tesisatla bir-
likte takriben 1900 kw. veren yeni bir 900
H. P. lik santral tesis etti. Bu sirkete ye-
ni kompresorler kullanmay1 ve arastirma
ameliyelerini genisletmegi miimkiin kildi.

1914 deki Umumi Harpten Once Balya
cevher yatagi dinyanin genis kursun ya-
taklarindan biri idi. Isletmenin baslangi-
cindan beri (Yunan - Roma devrinden
sonra) Balya istihsilinin mecmuu en asa-

(*) Dr. P. Niggli'nin «<magmatik orijinli cev-
her yataklari» hakkindaki yazisina bakimz ; sayfa
38.
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Balya Kursun Madenleri |
Balya Liead Mines

No. 1

Beiya kurgun madeni.

Balya Lead Mine.

No. 2

Cevher ayiklames tesisat,

elektrike santral, izabehow
ne ve s&ir tesisat,

Ore dressing plant, pouwiems
station, weter-jacket and
other installations,

Ho. 3
Cevher ayikiama tesisat,

Ore dressing plant.




No. &
Flotasyon tesisatu

Flotation plant.

Ho. 5
“Onta’ maden.

tHOpta’’ mine,




g1 3 1/2 yahut 4 milyon ton cevherdi. Bu
dort yliz bin tondan fazla kiilce kursunu
teskil eder.

1940 1n ilk aylarinda kursun istihsal ma-
liyet fiati, satis fiatindan yiiksek oldugu
icin Balya madenleri kapatildi.

Madenin tamamile tiikendigine dair hic-
bir ihtimal veremeyiz, ve piyasa tekrar dii-
zelince, diinya madenlerindeki kursun cev-
her rezervlerinin ancak on sene Kkifayet
edebilecegi goz Oniinde tutularak, bu ma-
denin tekrar acgilacagini iimit ederiz.

Balya Lead Mines (Turkey)

GEOGRAPHICAL SITUATION

The Balya Lead Mines are situated in
the Vilayet [*] of Balikesir in the Western
part of Anatolia at a distance of about 50
km. from Balikesir. As these mines are
situated near Troy, it is very possible that
the oldest pieces of lead ever known, which
were found in Troy, originated from Balya.

These mines have been worked since
the time of Pericles, but regular operations
with the application of scientific and mo-
dern mining methods were started about
1880.

The country surrounding the mines, as
well as the whole of this portion of Ana-
tolia, consists of a series of little hills of
different altitudes of 250 - 400 m., seldom
attaining the height of 500 - 600 m. above
sea level. The general dip of the surface
as well as the strike of the valley are the
North East and North. All the rivers and
streams carry small Quantities of water
and some of them disappear altogether du-
ring the months of August or September.

STRATIGRAPHYAND SOME
INDICATIONS OF
TECTONIC

As can be seen in the geological map of
the concession (fig. No. 1) the predominant
and most common sedimentary rocks
within the limits of the concession are the

(*) A province under a governer general.

By V. KOVENKO, Mining Geologist

upper Carboniferous or Permo-Carboni-
ferous "' limestones, which underlie in
unconformity the upper Triassic ' sedi-
mentaries. These sedimentaries form over-
turned foldes striking in a North Eastern
direction.

According to De Launay "' the folds
belong to the Alpine epochs, which after
their formation have been cut through by
faults running parallel to the strike of
folds (faults of the system A). The author
believes that the  Permo-Carboniferous
limestone is affected by Hercynian ¥ fol-
ding.

The large and numerous mining works
enable a study of the tectonics of the ore
deposit.

The geological vertical section (fig. No.
2) is taken along the line A - B shown in
fig. No. 1 and 3.

(1) G. v. Bukowski «Die geologischen Ver-
haeltnisse der Umgebung von Balya Maden im
nordwestlichen Kleinasien», 1892, Wien.

(2) A. Bitner (Trias Petrefacten von Balya
m Kleinasien», 1891, Wien.

(3) L. De Launay « La géologie et les ri-
chesses minerales de I'Asie>>, 1911.

(4) According to E. Chaput Permian la-
yers at Balya are folded by Hercynian folding
(E. Chaput «Voyages d'etudes geologiques et geo-
morphogeniques en Tiirquie>>); but E. Chaputs map
(planche I Esquisse de 1'Evolution Tectonique de

la Turquie) shows also at Balya Maden region the
thertiary foldings.
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The fractures of the system B and C
are posterior to those of the system A and
cut through the latter (fig. No. 3).

It can be admitted that the first eruption
of dacite-rhyolite [*] at Balya took place
during the Tertiary period. There is no
direct proof for the verification of such a
hypothesis, as this region is void of Juras-
sic, Cretaceous and Tertiary sediments [**],
but the eruption of the dacite, as is to be
seen from fig. No. 2, overlies the Alpine
folds.

At some distance from the mine, in the-
se parts of Anatolia, Miocene formations
extend considerably [***]. The extrusive
rocks of this region belong more or less to
the same age. By analogy it may be con-
cluded that the eruptive rocks at Balya are
contemporary to those of the Tertiary se-
diments.

DESCRIPTION OF THE ERUPTIVE
ROCKS

At Balya the acid lavas were produced
by the first (oldest) eruption which is a
dacite-rhyolite.

As has been already stated, this effusive
rock covers the sedimentary folds mostly
destroyed by the phenomenon of denuda-
tion (fig. No. 2) and penetrates into the
fractures forming the apophyses and dy-
kes, i. e. the so called «white dykes>> shown
in (fig. 2 and 3). There exist some indi-
cations, which are not yet very well veri-
fied, that apophyses not only recut the
sediments but the dacite as well. Due to
this fact the<«apophyses>>may be consi-
dered as the result of an eruption which

(*) Thin sections of this rock were sent to
Prof. V. V. Nikitin for determination of felspare.

(**) According to map of Tchihatcheff (1866)
and map of Philippson (1910, 1/300,000) and my
own investigations.

(***) In the region of Mancilik mine.
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took place later than that of the massive
dacites.

In the texture and mineral constitution
of these two rocks there is scarcely any
difference.

An examination of the thin sections of
the dacite-liparite shows phenocrysts of
andesine partially replaced by calcite, se-
ricite, kaolin, pyrite and seldom by epi-
dote. Some sanidine is also found. In
smaller quantity than that of felspars,
grains of quartz corroded by magmas are
to be seen. Biotite is as a rule replaced
by sericite or chlorite. Very small crystals
of basaltic hornblende are encountered
sporadically. The structure of the ground-
mass is microfelsitic. This rock contains
about 58 - 62 % of silica.

As has already been stated, mineralogi-
cal constitution of the «apophyses>>is usu-
ally the same as that of the large dacite-
liparite masses, the only difference being
that they contain more biotite and also
abundant secondary minerals belonging to
the clan of epidote. The apophyses contain
57 -60 % ofsilica.

The second period of volcanic activities
is manifested by the effusion of a little
more basic rock than the preceding, which
is a hornblende andesite.

A microscopical study of the rock per-
mits the statement to be made that it
contains large crystals of andesine, biotite
an dark green hornblende, which are ura-
litized in small quantities. = The opaque
minerals are magnetite and ilmenite. Scar-
cely any quartz is found and the ground-
mass is of glassy structure.

The andesite surrounds and occasionally
cuts through the dacite-liparite (fig. No.
1) on the strikes A, B and C in the form
of the so called «green dykes>>. The green
andesite is once more surrounded by au-
gite andesite. This rock contains zonal



structures of labrador-andesine as well as
augite, basaltic hornblende and biotite.
The groundmass shows a fluid structure
and is very glassy.

This rock is predominant and more wi-
dely spread in this part of Anatolia.

In a short description of Balya mines
made by Mr. Weiss [*] the ore deposit is
considered as a contact metamorphic, bet-
ween carboniferous limestones and augite
andesite.

Since Mr. Weiss' visit to Balya, the
works in the mines have attained a stage
of considerable development, the unaltered
parts of the rock having been reached;
it is now possible to affirm that there
exists no mineralized contact between the-
se two rocks. These augite andesites are
at a distance of tv/o or three kilometers,
being at the same time separated from
mineralized dacite-liparite by hornblende
andesite.

VARIOUS TYPES OF
MINERALISATION

To form a better conception of the types
of mineralization they have been classified
in accordance with their resemblance to
metasomatic (replacement) veins or to the
type of veins of filling.

Naturally at Balya there are no veins
which exclusively belong to one single
type, but in accordance with less or grea-
ter susceptibility of the country rocks to
the alteration by a metasomatic process,
the indications of the one or the other type
predominate. The rock which more fre-
quently underwent the metasomatic pro-
cess is the dacite-liparite. In this rock the
banded structure of veins is very seldom
encountered. The limestone also is very

(*)  Weiss «Zeitschrift fiir praktische *Geo-
Togie», 1901, Vol. DC. R. Beck «Lehre von den
Erzlagerstaetten», Berlin 1909.

easily replaced by the ore; nevertheless
the symmetrical banded structure of veins
occurs in limestone frequently. The Tri-
assic marl and quartzite are seldom re-
placed by ore and more rarely the Trias-
sic slates, which more often contain the
filling type with banded structure.

This latter rock is hardly metasomati-
sed.

TYPE I. «<PORPHYRY ORE>>

As has been indicated, the crushed da-
cite-liparite is the rock which is metaso-
matised the most. The mineralization in
this rock can be considered as the nearest
to the replacement type, such being the
case of the porous dacite-liparite finely
speckled with ore. It is the type which
can be called the type of the «porphyry
ore». Such mineralization is not found to
go deeper than 80 meters below the level
of the valley. At deeper levels the ore
becomes too disseminated and is not pa-
yable. The dacite-liparite becomes more
and more compact, is not fractured, loses
its porosity and is no longer metasomati-
sed as it had been in its upper part.

This kind of mineralization has usually
for its foot wall a green dyke (mines :
Bonne Esperance, «Aga Hitihi>>, (fig. No.2).

In the <«Bonne Esperance>> region the
ore is accompanied by green and lilac flu-
orite. An examination of the thin section
of dacite-liparite from «Bonne Esperance>>
shows that the ore replaces principally the
biotite and the plagioclase, in a less degree
the groundmass. At the same time it can
be noticed that the ore which had been de-
posited in small empty places is usually
accompanied by fluorite and rarely by
adularia.

To explain the origin of this kind of
mineralization, it must be admitted that
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the porous lavas during consolidation we-
re fissured by contraction.

(Fig. No. 'l 4) Thelarge and deep fractu-
res, which were formed by the tectonic
movements offer the way for mineralizing
agents. The latter acted only on the han-
ging walls of the fractures and have rep-
laced some minerals of these walls meta-
somatically.

During the later eruption of the ande-
gte it filled aso these tectonic fractures,
forming in this way the green andesite
dykes. It is in this manner that the ore
occurs in the hanging wal of the green
dykes. Nevertheless this cannot be gene-
rdized nor affirmed that the hanging
walls of al the green dykes be necessarily
mineralized. In mineralized regions some-
times the foot wall of the green dyke aso
contains ore, but in negligible quantities.
The lead contents in the regions of the
disseminated ores are very irregular. It
very often occurs that it is necessary to
make long prospecting works in every
low grade ores, running 3 - 4 % of lead,
to reach an ore carrying 7 - 9 % of lead.

It is to be noted that this type of ore
reprensents large bodies and comparatively
big reserves of Pb. Due to the low price of
lead, the hardness of the ore and the high
cost of crushing the ore, these ores have
not been worked lately.

TYPE Il. CONTACT VEINS

Another type is the vein from the eon-
tact of apophyses or white dykes on one
dde and the sediments on the other
sde [,

In this case the ore is more often found
in the daciteliparite foot wal, especidly
in the upper levels of the mine. This da
cite-liparite must have served as a trap
for _ascending mineraizing waters.

(*) See pp. 582, 583
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Some authors of «Ore Deposits>> admit
that the eruptive rock forms a trap to the
mineralizing waters and explain the phe-
nomenon of such a concentration at the
foot wall of eruptive rocks. The ore occurs
aso in the dacite-liparite hanging wall, but
in smaller quantities.

The thickness of these veins varies con-
siderably; on the strike they pinch out
and cease over a length of 10 - 150 me-
ters.

At regions of cross fractures (B), which
are often faults of smdl didocation, the
mineralization reappears.

Such crossing forms flat columns with
an elongated dliptical horizontal section,
its large axis being some 10 - 30 meters
and sometimes larger; its smdler axis 1
to 5 meters, more rarely 8 - 12 m. The
height of the ore shoots varies from 30 -
200 m.

The horizontal sections aso vary consi-
derably at their divers heights. Numerous
pieces of country-rocks «horses» are found
in the gangue of veins.

The dacite-liparite of the hanging and
foot walls is speckled by the ore, conse
quently this type of ore is more or less
similar to the first type of «porphyry aes>.
But the ramifications of contact veins in
the limestone aready represent the ban-
ded sutructure of ores, so well known in
the veins of filling type. In these veins
usually the pyrite is the earliest minerd,
the galena and blende being deposited =
condarily.

The gangue almost never contains the
contact metamorphic minerals. The typi-
cal «skarn» of contact depodts is not pre-
sent. The calcite predominates as a mi-
neral of gangue, whereas some parts of
the gangue are composed of quartz. Fluo-
rite and as ararity adularia and tremolite
are found in insignificant quantities and
are vigble only in thin sections, except



garnet and epidote which are rarely vi-
sible in some places megascopically.

It is of importance to note that the con-
tacts of large masses (not dykes) of daci-
te-liparite (fig. 2 and 3 «K») with the se-
dimentaries do not even contain a Vestige
of mineralization, except pyrite; neverthe-
less these contacts have been very care-
fully studied and prospected by numerous
drifts. The contact zone of this limestone
with dacite-rhyolite in no way differs
from the general masses of the limestone
and is not even marmorized.

TYPE III. ORE IN LIMESTONE

The third type is a type of ore found in
irregular shoots and veins in large masses
of limestone. This type must be placed
before the «porphyry ore» (Type Np. 1),
but very often the veins of this type pre-
sent characteristic symmetrical banded
veins. Maybe it is due to the big distance
of large masses of limestone from hot
igneous rocks (dacite-liparite).

The large ore shoots of this type occur
principally at Sann Su mine and in some
parts of An mine.

The ore is more abundant in the mar-
morized limestones, being found in the
black limestones too.

TYPE IV. ORE BETWEEN THE
STRATA OF SEDIMENTARIES

The fourth type of veins can be called
the type of «filon-couches» which is for-
med between the strata of divers sedimen-
tary rocks and between the beds of the
same formation (slates). The contacts
which are found mineralized more often
occur between the carboniferous limes-
tone and the quartzite, being found less
often between the quartzites and slates.
The veins of this category closely resemble
the type of filling veins. The metasoma-
tic phenomena are found here to be less

pronounced; thus slates have been repla-
ced very little.

In the flat parts of the veins their thi-
ckness increases. The gangue is the same
as in the case of the contact veins. Gar-
net is found as well as the minerals of
the actinolite group, but also in micros-
copic quantities.

The veins of symmetrically banded
structure occur between the strata of the
slates, but these veins are neither nume-
rous nor of important thickness.

ORPIMENTAND OTHER ORES

Two ore bodies of orpiment, containing
some realgar, are known to have occurred,
standing quite isolated.

The orpiment forms flat lenses in the
crushed portions of the black limestone.
It is accompanied by galena, pyrite, he-
matite and some blende. The gangue of-
ten consists of a porous silica.

In the Balya ore (FeS,, PbS, ZnS), in
every small quantity occur: chalcopyrite,
mispickel, fahlerz, bournonite, jamesonite,
needles of bismuthinite and very rarely
native tellurium.

In the deep levels (300 - 330 m.) the
quantity of chalcopyrite and bournonite
increases. The average composition of ba-
se bullion is : Pb-97.76 %, Sb-0.53 %, Sn-
0.11 %, Bi-0.10 %, Cu-0.54 %, Fe-0.03 %,
Ni-0.004 %, Cd-0.01 %, As-0.25 %, S-047 %,
Au-7 gr/t, Ag 1983 gr/t of lead.

The average grade of ore is 12 % after
the first sorting in the stopes.

PRIMARY SULPHIDE ORE.

In the superior part of the primary zo-
ne the galena predominates, but going de-
eper the blende quantities increase.

The largest ore bodies are not found
close to the surface. Some of the biggest
ore shoots have not any outcrops. It has
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been ascertained that 150 m. from the bot-
tom of the valley the ore shoots have their
maximum dvelopment. Lower than this
point the ore bodies commence to decrease
in size, the lead values also becoming
poorer.

At a depth of 200 to 250 m. the ore com-
mences to carry the larger quantities of
blende and pyrite. Actually the deepest
level is 330 m.

CEMENTATION ZONE

Generally in lead mines there exists no
noticeable zone of cementation. In Balya
this zone does not exist at all.

OXIDIZED ZONE

The outcrops of some of the ore bodies
consist of manganese ore (Ar1 and Koca).
This ore does not continue deeper than so-
me 10 to 40 m. It is found to occur in
pockets in the limestone. In depths the
manganese fails altogether. The gossan
ordinarily consists of different oxides of
iron and ferruginous calamine.

Under the gossan, ochres are found
which contain insignificant quantities of
anglesite, cerussite, as well as some ga-
lena, completely altered. Taking into con-
sideration that the mining operations are
dating back to about 200 years and that
the mountain has an elevation of 150 m.
above the bottom of the valley, it can be
supposed that the ore deposit waters ha-
ve been drained since very ancient time.

Consequently at the present time it is
very difficult to establish the level of
underground water which was in exis-
tence before the commencement of the
mining operations. The same refers to the
depth of the oxidized zone as well. In so-
me places the ochres with cerussite form
columns which go down to a depth of 150-
180 m. below the bottom of the valley.
This abnormal presence of oxidized ore

592

columns cannot be explained by general
sinking down of the region, such -cases
being known in several mines where the
oxidized zone is also found to continue
much below the actual hydrostatic level.
If such were the case, all the ore shoots
at Balya would be oxidized. This pheno-
menon of our mines could be explained,
should it be admitted that the ascending
water containing carbonic acid formerly
passed through actually oxidized ores (last
activity of post-volcanic hydro-thermal
water).

In fact at some 350 m. from the oxidized
columns a spring of ascending water exis-
ted 40 years ago. After the «orta» shaft
had been sunk, this district having been
intensively pumped, this spring disap-
peared. In its place remains only big
quantity of calcareous sinter.

GENESIS OF THE ORE DEPOSIT.

The mineralization of Balya is in gene-
tic relationship with the dacite-liparite.
The whole of the mass of dacite-liparite as
well as the apophyses of this rock are
strongly altered and are often minerali-
zed. No mineralization at all had accom-
panied the eruption of the hornblende an-
desites.

The green andesite does not have the
appearance of a rock as much metamor-
phosed as the dacite-liparite. The andesite
often cuts through the mineralization.
Such masses of andesite are very often
found in the neighborhood of concession
of Balya (fig. No. 1), but no ore indications
are to be seen in close proximity to ande-
site, although the limestone at the con-
tact of this rock is often found to have
been transformed into white marble (re-
gion of Yar Pinar).

The ore as a rule accompanies the da-
cite-liparite and appears in the region of
the big tectonic fractures.



it is important to note that all the five
mines at Balya are situated on apophyses
of the dacite-liparite. At An mines we
know 3 apophyses, at San Su, Koca, Orta
and Karaca, each on one apophyse.

The more numerous and the more com-
plicated the forms of the apophyses are,
the richer is the mine to be found.

The most productive veins are found to
be at the intersection of the apophyses and
the contact between the divers sediments.

The apophyses deriving from the body
of dacite-liparite and penetrating the se-
dimentaries present the appearance of
being a part of the roots of the effusion
of dacite-liparite. It is to be admitted that
the divers faults and the fractures actually
filled by dacite were the openings through
which the lavas had flowed up.

In the slate the apophyses are not con-
tinuous and die out. The large ore bodies
are concentrated in the region of the
fractured and shear zones, metasomatizing
the crushed elements and filling someti-
mes the space between them.

In conclusion it can be said that the
Balya ore deposit belongs to the group of
the metasomatic vein deposits. In accor-
dance with the classification of W. Em-
mons and W. Lindgren [*] the deposit of
Balya is formed at moderate depth and
under temperature between 150 and 300
degrees, probably nearer to 300 degrees
(occurrence of garnet).

In fact one part of the gangue minerals

(*) See also Dr. P. Niggli. Ore Deposits of
Magmatic Origin pp. 38.

of Balya indicates such a temperature.
Balya mines belonged to the French Co.
«Société des mines de Balya - Karaaydin>>.

The output of ore during 1913 was
140,300 tons, with 13,980 tons of pig lead.

The mine having been closed during
the great war, the work was resumed at
the end of 1920, and in the year 1921 the
output of pig lead was 8345 tons. Follo-
wing the Turko-Greek hostilities the out-
put dropped to 3,400 tons per annum. The
output of ore during 1927 was 80,320 tons
or 8,054 tons of pig lead; in 1928 it was
68,938 tons of ore or 7,140 tons of pig lead.

In 1929 the Balya Company installed a
new power station of 900 H. P., which to-
gether with the old installation gave appro-
ximately 1900 KW. It enabled the compa-
ny to use new compressors and extend the
prospecting work.

Before the general war in 1914, the Bal-
ya ore deposit was one of the large lead
deposits of the world. The total output of
Balya from the very beginning of the
work (after Greek-Roman period) was at
least 3 1/2 or 4 millions tons of ore which
represents more than four hundred thou-
sand tons of pig lead.

In the first months of 1940 Balya mines
were closed down, as the last time mine
operating cost of lead was higher than the
market price.

We cannot say at all that the mine is
entirely exhausted and we hope that when
the market will be better this mine can
be reopened, taking into consideration that
the world reserves of lead ore in the mi-
nes is sufficient only for ten years.
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