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Deprem-zemin iligkisi kapsaminda son derece Onem tasiyan sivilagsan zeminin deprem
esnasindaki davranisi uzun zamandir incelenen bir konudur. Ancak sivilasma esiginin
belirlenmesini igeren ¢alismalar son derece smirlidir. Iskenderun Konarli’da bu amaca yénelik
bir ¢alisma gergeklestirilmistir. Zeminin gevsek ve su seviyesinin yiiksek oldugu Iskenderun
korfezinde yer alan Konarli mimntikasinda yapilan arazi gézlemlerinde, zeminin silt ve kumlu
seviyeleri kapsayan Kuvaterner yash aliivyonlardan olustugu goriilmiistiir. Calisma alaninda
20 m derinliginde 2 adet sondaj agilmistir (SK1 ve SK2). SK1 kuyusunda ilk 1 metelik kisim
nebati toprak, 4 metreye kadar kumlu silt ve bu derinlikten itibaren 20 metreye kadar ise siltli
killi-killi siltli kum seviyeleri saptanmistir. SK2 lokasyonunda 20 metre derinlige kadar iki
tabaka ile ulasildigi ve ilk 8 metre kalinligindaki istteki tabakanin cakilli-siltli kumdan
olustugu onu takip eden sonraki katmanin siltli kumdan olustugu saptanmistir. Gergeklestirilen
numune analizleri detayda farkliliklar gdstermesine ragmen her iki lokasyonda saptanan
tabakalar i¢in Onerilen zemin simifi siltli-kumdur (SM). Her iki lokasyonda gergeklestirilen
SPT sonucunda zemin tasima giicii i¢in hesaplanan ortalama deger 7.9 KN/m?’ dir. Ayn1 zemin
icin M=6 ve daha biiylik olas1 deprem i¢in hesaplanan ortalama sivilasma giivenlik faktorii (F)
1 degerinden kiigiik olup riskli bolgede oldugu hesaplanmistir. Bu da zeminin sivilasma
potansiyelinin yliksek olduguna isaret etmektedir.

Anahtar Kelimeler: Iskenderun (Hatay), Zemin sivilasmasi, dinamik kayma gerilme oranu,
stvilagsma katsayisi, giivenlik faktorii
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ABSTRACT

The behavior of liquefied soil during an earthquake, which is critical in the context of the
earthquake-soil relationship, has been studied for a long time. However, research into
determining the liquefaction-earthquake threshold is extremely limited. This study was
conducted for this purpose. The ground is composed of Quaternary dated alluviums including
silt and sandy layers, according to field observations obtained in the Konarli area of the
Iskenderun Bay, where the ground is loose and the water level is high. In the study area, a
total of 2 ground drilling wells (SK1 and SK2) were drilled, one at a depth of 20 meters at
each location. In the SK1 well, the first 1 meter portion of vegetable soil, up to 4 meters of
sandy silt and from this depth up to 20 meters of silty, clayey-clay silty sand levels were
determined. In the SK2 location it was reached with two layers up to a depth of 20 meters,
with the first 8 meters thick upper layer consisting of gravelly-silty sand and the second layer
consisting of silty sand. | Despite discrepancies in detail in the sample analyses, the soil class
advised for the strata observed in both locations is silty-sand (SM). The average value
determined for the soil bearing capacity is 7.9 kN/m2 as a result of the SPT tests conducted in
both locations. The average liquefaction safety factor (F) determined for M=6 and larger
probable earthquakes for the same soil is less than 1, indicating that it is in the dangerous
region. This means the soil has a significant potential for liquefaction.

Keywords: Iskenderun (Hatay), Soil liquefaction, dynamic shear stress ratio, liquefaction
coefficient, safety factor

GIRIS

Hatay bolgesinde Palezoyik’ten Pliyo-Kuvaterner yesl birimlere kadar tiim jeolojik seriler
gozlenmektedir (Dubertret, 1953; Abdusselamoglu, 1962). Calisma alaninin yer aldig:
Iskenderun ¢okiintii Havzasimin giineybatisinda kumtasi, kiltasi, camurtas: ve ¢akillar genis
alanda yilizeylenmektedir (Aslaner, 1973; Selguk, 1981). Amanos daglarinin bat1 kesiminde
Kuvaterner yash diizensiz ¢akil ve blok yigisimi, taskin yelpazesi ve birikinti konileri genis
alanda yayilim gostermektedir. Calisma alaninda degisken kalinliklarda goézlenen aliivyonlar
kiy1 seridi boyunca yerlesmemistir (Ozer, 1996). Dogu Akdeniz bdlgesinin en dogu ucunda
yer alan Hatay bolgesi tektonik agidan sol yonlii dogrultu atimli Olii Deniz, Amanos (Dogu
Anadolu Fay Zonunun giiney segmenti) ve Kibris —Antakya Transform faylarinin arasinda yer

almaktadir. Bu deformasyon zonlar1 sirasiyla Afrika/Arabistan, Arabistan/Anadolu ve
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Anadolu/Afrika levhalar1 arasindaki goreceli hareketlerine bagli olarak gelismislerdir
(McKenzie, 1972; Sengér, 1979; Over vd., 2004). Bu tektonik kusaklar arasinda yer alan
Amik havzasi yaklasik 30 km genislige sahip olup Pliyo-Kuvaterner yash (Lyberis vd., 1992)
veya daha gen¢ c¢okellerle temsil edilmektedir (Peringek ve Eren, 1990). Bdlgenin
depremselligi Hatay’da etkin olan tektonik kusaklar tarafindan kontrol edilmektedir
(McKenzie, 1972; Over vd., 2004). Calisma alaninda en son 13 Agustos 1822 ve 3 Nisan
1872’de Antakya’y1 yerle bir eden ve biiylikliigli 7.0’den biiylik iki tarihsel deprem meydana
gelmistir (Ambraseys and Barazangi, 1989). Hatay bolgesinde aletsel donemde yikici1 deprem
meydana gelmemmis olmasina karsin onlarca 4.0’den biiyiik deprem meydana gelmistir (Over
vd., 2004). Tarihsel ve aletsel donem sismik etkinligi bolgedeki levha sinir faylarinin 7.0’den

biiylik deprem {iiretme potansiyeline sahip oldugunu gostermektedir.
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Sekil 1 a) Tiirkiye Deprem Tehlike Haritasi. b) Hatay’in tektonik unsurlari. KAT: Kibris-
Antakya Transform Fay1 ( Over vd. 2004’den degistirilerek alinmustir.)
Figure 1. a) Turkey Earthquake Hazard Map b) Tectonic elements of Hatay. CAT: Cyprus-
Antakya Transform Fault. (modified from Over et al. 2004).

Calisma alaninin yer aldigi1 Hatay ili ve civart Tiirkiye Deprem Tehlike Haritasi’nda yiiksek
tehlikeli bolgede yer almaktadir (Sekil 1a). Tektonik agidan bakildiginda Hatay Afrika,
Arabistan ve Avrasya levhalarmin kesistigi alan olarak tanimlanmistir (Over vd., 2004). S6z
konusu levhalarin smir faylari olan Dogu Anadolu Fay Zonu, Olii Deniz Fay Zonu ve Kibris-
Antakya Transfom Fay1r Antakya civarinda Amik ovasinda kesisim noktasi olusturmaktadir.

(Over vd., 2004). Bolgede yer alan Amik Ovasi1 ve civarindaki zemin ile iskenderun-Arsuz
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sahili boyunca sivilasma Ozelligine sahip zeminin deprem sirasindaki davranisi, iizerine
konuslanmis binalarda biiylik hasarlara neden olabilecek durumdadir. Zeminlerdeki gevseme
veya sivilasma; zeminin gozenek bosluk orani veya diger parcacik miktarmma ve drenaj
durumuna baghidir. Kumlu ve Killi - siltli zeminlerde depreme bagli gelisen ani zemin
titresimleri nedeniyle yeralt1 su seviyesinin yiiksek oldugu alanlarda sivilasma potansiyeli
yiiksek olmaktadir. Depreme esnasinda sivilasma boyunca ortaya c¢ikan deformasyonlar,
yapilari ciddi hasarlara ugratacak kadar biiyiik olabilir. Sivilasan zeminlerin gevseklik 6zelligi
g6z Oniline alindiginda zeminde ani titresim (deprem) sivilasan bir hareketlilik durumunu
doguracaktir. Sivilasmay1 takiben zeminde olusabilecek deformasyonun miktari, materyalin
gevsekligine, kalinligina, sivilasan tabakanin zeminde kapsadigi alana, zeminin egimine, bina
ve diger yapilardan kaynaklanan yiikiin dagilimiyla birlikte depremin siiresine baglidir (Atak
ve ark., 2003). Deprem esnasinda yayilan dalgalar bosluklart dolduran suyun uyguladig
kuvvet ile birlikte tanelerin dengesini bozarak birbirlerinden ayirilmasina neden olur. Boylece,

zemin dayaniksiz bir hale gelerek sivilasma olay1 gegeklesir (Youd, 1992).

e

Sekil 2. Konarli (Iskenderun) bélgesinde agilan kuyu yerleri

Figure 2. Locations of wells drilled in Konarli region (Iskenderun)
Zemin sivilagsmasi, depremlerde meydana gelen hasarlarin en 6nemlilerinden biridir. Niigata
(Japonya), 1964 Alaska (ABD), 1999 Kocaeli, (Tirkiye), 1999 Chi — Chi (Tayvan) depremleri
ve diinyanin pek cok iilkesinde yikici depremler sonucunda olusan hasarlarda sivilasmanin
etkisi biiylik olmustur: Zemin sivilasma olaymin tedrici olarak goriildiigii 1964 Niigata
depremi zemin deprem iliskisi agisindan son derece 6nem kazanmistir (Seed and Idriss, 1971).

S6z konusu depremden sonra Japonya’da 1964 Alaska depreminden sonra ABD’de ve 1999
4
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Kocaeli depreminden sonra da Tiirkiye’de deprem-zemin iliskisi daha iyi anlasilmistir
(Robertson., vd. (1998), Uyanik O. (2006), Tunusluoglu., vd. (2018), Yiirekli ve Karaca (2020).
Boylece depreme bagli hasarlar1 en aza indirgenmesi amaciyla zemin arastirmalari 6nemli bir
ivme kazanmuistir.

Bu calismada, Hatay Ili iskenderun Ilgesi Konarli alanindaki zeminlerin (Sekil 2) sivilasma
potansiyeli irdelenmistir. 2 ayr1 lokasyonda 20 metrelik zemin sondaji agilmis ve zemin
ozellikleri belirlenmistir. Aymi lokasyonlarda SPT deneyleri de gergeklestirilerek zeminin
tasima giicii hesaplanmigtir. Seed ve Idrisss (1971) tarafindan gelistirilen bagintilar
kullanilarak deprem sirasinda zemin tabakasinda olusacak dinamik kayma gerilme oranlari

hesabi ile sivilasma potansiyeli ¢alisilmistir.

SONDAJ LOGU KESITI SONDAJ LOGU KESITI
Jeolojik 2 Yuzeyden Jeolojik < Yiizeyden
Kesit Zemin Tammmlamasi | garinlik m. Kesit Zemin Tammlamas1| Gerinlik m.
0-1m [—— 0-0.5 m.

Kumlu silt 1-4m Cakills Siltli Kum 0.5-8 m.

Siltli Kill.i-Killi Siltli 420 m. Siltli Kum 820 m.
Kum
KUYU SONU KUYU SONU

Sekil 3. Kuyu sondaj logu, sol taraf SK1, sag taraf SK2
Figure 3. Well drilling log, left side SK1, right side SK2

METOD VE BULGULAR

Sekil 2’de gosterilen lokasyonlarda sondaj calismasi yapilmis olup elde edilen degerler ile
stvilagsma potansiyeli arastirilmistir. Ayrica zemin tasima giicii belirlenmistir (Peck ve ark.,

1974). Bu arazilerde SPT yontemi ile numuneler alinmis ve vurus sayilari belirlenmistir (Sekil
3).
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Zemin etiid sondaji Auguer ekipmani ile yapilmis olup Standart penetrasyon testi SK1
kuyusunda 2 adet, SK2 kuyusunda 2 adet olmak iizere farkli derinliklerde uygulanmistir.
Sondajilar sirasinda kullanilan tijler 54 mm BW tip, Samplerler yarikli ikiye ayrilabilen tip,

darbe filans1, augerler 89 mm ve karotiyer NWG tip olup Amerikan standardidir.

Numuneler TSE kalite belgeli Bayindirlik ve Iskan Bakanligi onayli bayindirhk KALITE
KONTROL zemin ve yap1 laboratuvarinda analiz edilmistir. Numuneler {izerinde elek analizi,
su igerigi, Atterberg limitleri deneyleri yapilmistir. Bu deneyler sonucunda zemin tanimlamasi

ve diisey jeolojik kesit Sekil 3’te verilmistir.
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Sekil 4. Sinir periyodik gerilme orani, M=6.0 ve M=7.5 DKDO degerleri Seed ve
Idrisss (1981)’den degistirilmistir.

Figure 4. Boundary periodic stress ratio, DKNR values for M=6.0 and M=7.5 (modified from
Seed and Idriss (1981).

SK1 ve SK2 kuyularindan elde edilen numunelerin laboratuvar analiz sonuglar1 Cizelge 1’de

verilmistir. Elek analizinde 10 no’lu elegin gozenek agikligr ilgili standartlarda 2 mm olup, 2
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mm’nin alt1 kum olarak siniflandirilmaktadir. 200 no’lu elek ise ilgili standartlarda 0,075 mm
olup elek alti malzeme Atterberg limitleri deneyinde kullanilmaktadir. Zemin tipi yogunluklu
olarak S (kum) ve M (silt) birimlerden olusmustur. Plastik olmayan siltli kum zemini SM

sinifi olarak tanimlanmustir.

Cizelge 1. Araziden alinan numunelerin deney sonuglari

Table 1. Test results of samples taken from the field

NUMUNE LABARATUAR SONUCLARI

Dogal 200
Lokasyfnn Derinlik B|r|rT1 Su icerigi 10Nolu | No'lu A.\ttferbe.rg Zemin
(sondaj) (m) Hacim (%) elekte elekten | limitleri sirasi Tipi
no Agirhg ? kalan (%) | gecen ile LL-PL-PI P

(kN/m?) (%)
SK-1 1-4 26.5 83.99 17.38 SM
SK-1 4-20 18 24.4 84.07 21.42 NP SM
SK-2 0.5-8 26 85.03 20 SM
SK-2 8-20 26.4 84.65 21.96 SM

Farkli derinliklerde gergeklestirilen SPT vurus sayisinin. efektif gerilmeye gore diizeltilmesi

(N") gerekli goriilmiis olup Seed ve Idrisss (1971) tarafindan onerilen bagmtilar kullanilmustir.

N'=Cn*N 1)

Burada N’ jeolojik gerilme diizeltmesi, Cn efektf gerilmeye gore diizeltme faktorii, N ise SPT

darbe sayisidir. Cn katsayis1 agsagidaki bagint1 ile bulunur (atif?).
Cn = 0.85 log (145/6vo )

burada oo efektif diisey gerilmedir.

)

SPT’de zemine dogru ¢akma islemi esnasinda bir miktar su zeminden uzaklasamayacaktir.
Bundan dolay1 zeminin direncine etki eden negatif bir basing olusacaktir. Bu etkiyi goz 6niine
alarak Terzaghi ve Peck (1948) asagida onerdigi bagintiyla yeralti suyu etki diizelmesini (N”)

Onermistir.

N” = 15 + 0.5%(N-15) (3)
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Sivilagmanin en iyi goriildiigii kumlu zeminler igin net zemin tasima giicii (Qnet)’niin hesab1
icin Peck ve ark. (1974) asagidaki bagintiyr 6nermislerdir. Burada Cw su diizeltmesi olup 0,5
alinmaktadir (Ulusay, 2001).

gree= 0.11*N”*(Cw) 4

Seed ve idriss (1971) yaptiklar1 calismada deprem sirasinda zemin tabakasinda olusacak

dinamik kayma gerilme oranlarinin (DKGO) hesabi igin asagidaki bagintiy1 6nermislerdir.

DKGO = (;0 ) =0.65 (am?) (;’—‘;) rd (5)
fa=1.0 — 0.00765-h(h < 9.15 m) (6)
ra=1.174 — 0.0267-h(9.15 m < h < 23.00m) @)
ovo=Y.h (8)
U =y.h —(h — hs ).y (9)
Gvo'= Ovo U= ¥.h-(N-hs)ys (10)

Burada; amax depremin zemin yiizeyinde olusturdugu en biiyiik yatay yer ivmesi depremin
zemin yer ivmesidir. Tirkiye deprem yonetmeliginde belirtilen bu deger, 1. Derece deprem
bolgelerinde 0.4 almir Tay, ortalama cevrimsel kayma gerilmesi (zeminde sivilasmanin
baslayabilmesi igin gerekli periyodik smir kayma gerilmesi t/m?); ovo, Cizelge 3’te goz oniine
alinan derinlikteki toplam diisey gerilme (t/m?), -ovo efektif diisey gerilme (t/m?), rqise efektif

gerilme azaltma katsayisidir (Liao ve Whitman (1986).

Cizelge 2. Sivilagma potansiyelinin belirlenmesi i¢in hesaplanan parametreler

Table 2. Calculated parameters for determining the liquefaction potential
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Lokasyon .. | Diise Ef.?ktif Diizeltme

Sond)fl:lj) ( SPT-N l?erm“ geri?nz/e du§ey katsayist | SPT-N' SP-.I.-_ Qemng

No (h,m) (kN/m?) gerilme CN N (KN/m¢)
(kN/m?)

SK-1 13 3 46.25 31.25 1.42 18.42 14 7.7
SK-1 14 4.5 69.5 39.5 1.33 18.62 | 145 8
SK-2 12 6 106.5 61.5 1.17 14.00 | 135 7.4
SK-2 15 9 160.5 85.5 1.04 15.63 15 8.3

Yukaridaki bagintilar kullanilarak elde edilen parametreler Cizelge 2’de verilmistir. Ayrica

yeralt1 su seviyesi her iki lokasyonda da 1.5 metre olarak dl¢tilmiistiir.

Cizelge 3. Cizelge 2’ye bagl parametreler yardimiyla sivilagma potansiyelinin belirlenmesi.

Table 3. Determination of liquefaction potential with the help of parameters related to Table 2.

Lokasyon gEefrei:(rzi DKDO, | F | DKDO, | F
(Sondaj) | SPT-N | DEMMK | altma | e |DKGo | M6 | deBert) m=7,5 | deger
(h, m) sekil4’ | m=6 | sekil4’ |m=7,5

No katsaysi .. .
ten Icin ten igin.

rd

SK1-D1 13 3 0.83 0.4 0.32 0.27 0.75 0.127 0.4
SK1-D2 14 4,5 0.8 0.4 0.37 0.28 0.76 0.13 0.35
SK2-D1 12 6 0.95 0.4 0.43 0.2 0.46 0.125 0.29
SK2-D2 15 9 0.93 0.4 0.45 0.22 0.49 0.14 0.31

Diizeltilmis SPT-N’" degerine bagl olarak, Sekil 4’te dinamik kayma direng oran1 (DKDO)
degerleri M=6 ve M=7.5 i¢in belirlenmistir. Hesaplanan degerler Cizelge 3’te verilmistir.
Sekil 4’te elde edilen DKDO degerleri F giivenlik faktoriiniin hesaplanmasi i¢in kullanilmistir.
F gilivenlik faktorii asagidaki bagintidan hesaplanmaktadir.

dinamik kayma direng orani
_ DKDO _ (smr periyodik gerilme orani)

~ DKGO ~ dinamik kayma gerilme oram

F<= 1 ise sivilagsma var, degil ise sivilasma yok demektir. DKGO ise 5 no’lu baginti ile ile

hesaplanmistir. Bu ¢aligmada 6 ve 7.5 biiyiikligiindeki deprem esnasindaki sinir periyodik
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gerilme orani ile yukarida verilen bagintilar yardimi ile hesaplanan dinamik kayma gerilme

orani kiyaslanarak sivilagma potansiyeli belirlenmistir (Sekil 5).

0.5
@ Sivilagna vok
07 2 Smilagina var
prmm—
zl. ¢
=l e 06
~—
Riskli bilgt
0.5
SK2-D2

04

03

/ Gavenli bolge
Niigata (1964)

DINAMIK KAYMLA GERILME ORANI
[—]
| | 9
\\ o]
\ 1,

0.1

0 10 20 30 40 50 60

Diizeltilmis SPT-N’ Degeri

Sekil 5. SPT-N’ degeri ve DKGO’ya gore F giivenlik katsayis1 Seed ve Idriss (1981)’den
degistirilmistir.
Figure 5. F safety coefficient according to SPT-N value and DKGO (modified from Seed and
Idriss (1981).

SONUCLAR VE TARTISMA

SK1 ve SK2 lokasyonlarinda yapilan SPT deneyleri ve alinan Ornekler iizerinde
gergeklestirilen laboratuvar analizleri ile zeminin siltli-kum agirlikli oldugu belirlenmistir.
SK1 lokasyonunda ilk 4 metre siltli kum, 4-20 metre arasindaki derinlikte yer alan ikinci
katmanin siltli-killi kum ile Killi-siltli kumdan olustugu saptanmistir. SK2 lokasyonunda ise

ayn1 derinliklere iki tabaka ile ulasildig1 ve 8 metre kalinligindaki iistteki tabakanin cakilli-
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siltli kumdan olustugu onu takip eden alttaki katmanin siltli kumdan olustugu saptanmis ve
SM olarak siniflandirilmistir. Araziden alinan numuneler ile elek analizi sonuglarina gore,
dogal birim hacim agirhginm 1.80 g/cm® oldugu, dogal su igeriginin ise ortalama % 25.5
(%24.4 ile 26.5 arasinda degismektedir), kivam limitinin plastik olmayan zemin oldugu

saptanmistir (Cizelge 1).

Bu ¢alismada hesaplanan, zeminin tasima giiciiniin ortalama degeri her iki lokasyonda da 0.79
ton/m? dir. Sivilasma katsayisi (F) her iki lokasyonda da olas1 deprem biiyiikligii 6.0 ve 7.5
icin hesaplanmistir. Her iki lokasyonda da F degeri olasi her iki deprem i¢in de 1’den

kiigiiktiir. Bu da zeminin sivilasma potansiyelinin yiiksek olduguna isaret etmektedir.

Tarihsel kayitlara bakildiginda Hatay ve civarinin 7.0'den daha biiyiik depremlere maruz
kaldig1 goriilmektedir (Over vd., 2004; 2011). Bélgenin tektonik yapisi incelendiginde levha
siir faylar1 olan Dogu Anadolu Fayi, Olii deniz fay1 ile Kibris-Antakya Transform fay
Antakya civarinda birbirleriyle kesiserek iiclii eklem noktasini olusturur (Over vd., 2004).
Hatay'da meydana gelen biiyilkk depremler yukarida sozii edilen onemli faylar boyunca
meydana gelmistir (Over vd., 2004). Bolgenin deprem potansiyeli yiiksek oldugu pek ¢ok
calismada dile getirilmistir (Over vd., 2004; 2011). Over vd. (2011) ve Biiyiiksarag vd. (2014)
tarafindan gerceklestirilen mikrotremor ve ReMi ¢alismalarinda bolgedeki aliivyal zeminin
farkli sikilikta ve kalinlikta oldugunu ayrica yiiksek biiylitme degerine sahip alanlarin varligini
gostermislerdir. Daha Onceki sonuglar ile bu c¢alisgmada elde edilen verilenlerle birlikte
degerlendirildiginde bolgenin deprem-zemin iliskisi agisindan son derece riskli geoteknik
yapiya sahip oldugunu belirtmek gerekir. Hatay bolgesinde sivilasabilir zeminlerin oldukca
genis alanlara yayilmistir. Bu alanlarin pek ¢ogu yerlesime agilmigtir. Hatay bolgesi her ne
kadar yaklasik son 150 yildir yikici depreme (M>7.0) maruz kalmamis olsa da bolgenin
tektonik yapis1 goz oniinde bulunduruldugunda bu biiyiikliikte bir depremi dogurabilecek bir
potansiyele sahiptir. Bu ¢alismanin bdlgede daha genis alanlarda uygulanmas: ile sivilasabilir

zeminin davranigini belirlemek olast deprem zararlarinin azaltilmasina katki saglayacaktir.
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Calisma alani, Kirag Dag (Ibradi, Antalya, kuzeydogusu) civari ve giiney kesimlerinde yer alir.
Bu arastirma, bolgede ylizeyleyen Anamas-Akseki Otokton’u igerisinde tanimlanan Akseki
Blogu’ndaki Berriasiyen-Ust Senomaniyen yash Akseki Formasyonu’nun stratigrafisini, fasiyes
ozelliklerini ve paleo-ortamsal gelisimini ortaya koymak amaciyla yapilmistir. Caligmada, 1
Olciilii kesit alinmis ve toplam 43 6rnek incelenmistir. Akseki Formasyonu tamamen karbonatl
kayaclardan olugmaktadir. Birim, yaklasik 50 metre kalinliginda krem renkli, belirsiz tabakali
dolomitler ile baglamaktadir. Dolomitler lizerine gelen yaklasik 350 metre kalinligindaki seviye,
yer yer dolomitik kiregtasi-bresik, laminali, bol makro fosilli, onkoidli kirectasi ara seviyeleri
iceren agik gri-gri-krem-bej renkli, genellikle orta-kalin, yer yer belirsiz tabakali
kiregtaglarindan olugmaktadir. Birimin, yaklagik son 40 metresi bresik kiregtaslari ile baglayan
ve dolomitik kirectasi ara seviyeleri iceren yer yer rudistli, genellikle bej renkli, orta-kalin
tabakali kirectaslar1 ile temsil edilmektedir. Bu seviye ile alttaki seviyenin dokanagi
uyumsuzdur. Akseki Formasyonu, boksitli bir seviye ile baglayan ve karbonatli birimlerden
olusan ge¢ Kretase yasl Seyrandagi Formasyonu tarafindan uyumsuz olarak iizerlenmektedir.
Akseki Formasyonu igerisinde belirlenen uyumsuzlugun altindaki seviyelerden elde edilen
Crescentiella  morronensis (Tubiphytes), Campanellula campuensis, Praechrysalidina
infracretacea, Cuneolina cf. pavonia, Nezzazata isabella, Charentia sp. ve diger tiir bentik
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foraminifer toplulugu ile Salpingoporella dinarica, Salpingoporella angulata, Salpingoporella
sp., Thaumatoporella sp. tiirii alglere dayanarak Berriasiyen-Albiyen yasi elde edilmistir.
Uyumsuzlugun tizerinde belirlenen Pseudorhaydionina dubia, Pseudonummoloculina heimi,
Cuneolina gr. pavonia ve diger bentik foraminifer topluluguna gore de orta-list Senomaniyen
yast elde edilmistir. Bu verilere gore de Akseki Formasyonu’nun yasi Berriasiyen-Ust
Senomaniyen olarak degerlendirilmistir. Akseki Formasyonu’nda; dolomit (MFT-1), camurtasi
(MFT-2), vaketas1 (MFT-3), oolitik istiftasi/tanetasi (MFT-4), peloidal istiftasi/tanctasi (MFT-
5) ve intraklastik-biyoklastik istiftasi/tanctasi (MFT-6) mikrofasiyesleri tanimlanmustir.
Birimin; litolojik 6zellikleri, fosil igerigi ve bu fasiyes 6zelliklerine gore diisiik enerjili ve sinirl
sirkiilasyonlu gel-git ¢evresi ortamda ¢okeldigini, yer yer gézlenen bres ve dolomit arakatkilar
ortamin yer yer su istii oldugu seklinde yorumlanmastir.

Anahtar Kelimeler: Kretase, Akseki Formasyonu, bentik foraminifer, karbonat fasiyesi, Kirag

Dag1, Anamas-Akseki Otoktonu, Orta Toroslar.

Basvurulacak Yazar: hakoc@mersin.edu.tr

Hayati KOC hakoc@mersin.edu.tr

Mersin Universitesi, Mit:hendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Ciftlikkéy Kampiis,
33343, Yenisehir-MERSIN

ABSTRACT

The study area is located around Kira¢ Mountain (Ibradi, Antalya, northeast) and in the
southern parts. This research was carried out to reveal the stratigraphy, facies characteristics
and paleoenvironmental development of the Berriasian-Upper Cenomanian age Akseki
Formation in the Akseki Block, which is defined within the Anamas-Akseki Autochthon
outcropping in the region. The study materials include 43 thin section data from one measured
section. Akseki Formation consists completely of carbonate rocks. The unit begins with cream
colored, indefinite bedded dolomites and approximately 50 meters thick. The level over dolomit,
which about 350 meters thick, consists of light gray-gray-cream-beige colored, generally
medium-thick, indefinite bedded limestones with intercalations of dolomitic limestone-
brecciated, laminated, abundant macrofossil, oncoid limestone. The unit is represented by
rudist, generally beige, medium-thick bedded limestones, the last 40 meters of which begin with
brecciated limestones and contain dolomitic limestone intercalations. This level and the lower
level contact are unconformaty. The Akseki formation is unconformably overlain by the late
Cretaceous Seyrandagi formation, which starts with a bauxite level and consists of carbonate
units. The age of the levels below the unconformity determined within the Akseki formation was
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determined as Berriasian-Albian based on Crescentiella morronensis (Tubiphytes),
Campanellula campuensis, Praechrysalidina infracretacea, Cuneolina cf. pavonia, Nezzazata
isabella, Charentia sp. and other benthic foraminifer assemblages and Salpingoporella
dinarica, Salpingoporella angulata, Salpingoporella sp. Thaumatoporella sp. type of algae. The
middle-upper Cenomanian age was obtained according to the assemblage of
Pseudorhaydionina dubia, Pseudonummoloculina heimi, Cuneolina gr. pavonia and other
benthic foraminifera determined above the unconformity. According to these data, the age of
the Akseki Formation was evaluated as Berriasian-Upper Cenomanian. In the Akseki
Formation, dolomite (MFT-1), mudstone (MFT-2), wackestone (MFT-3), oolitic
packstone/grainstone (MFT-4), peloidal packstone/grainstone (MFT-5) and intraclastic-
bioclastic packstone/grainstone (MFT- 6) microfacies have been described. According to its
lithological features, fossil content and these facies characteristics, the unit was deposited in a
low-energy and limited circulation tidal environment and breccia and dolomite intercalations
observed in places were interpreted as the environment being above water in places.

Keywords: Cretaceous, Akseki Formation, benthic foraminifera, carbonate facies, Kirag
Mountain, Anamas-Akseki Autochthon, Central Taurides.

GIRIS

Calisma alani, Anatolid-Torid Birligi (Gonciioglu vd., 1997) igerisinde Orta Toroslar’in bati
kesiminde yer almaktadir (Sekil 1A). Inceleme alani, Ozgiil (1976)’ya gore Geyik Dag
Birliginde, Monod (1977), Senel (1996) ve Senel vd. (1998)’e gére Anamas-Akseki Otokton’u

icindeki Akseki Blogu’nda (Sekil 1B), Demirtash (1987)’ye gore ise Bat1 Toros Otoktonu
icindeki Akseki Blogu’nda yer almaktadir.

Anamas-Akseki Otokton’u (Monod, 1977; Demirtasl, 1987; Senel, 1996) ve Geyikdag: Birligi
(Ozgiil, 1976) Orta Toroslar’mn paraotokton kaya birimlerini olusturmakta olup, bdlgedeki
yogun tektonizma etkisi ile kendi i¢inde ve kusak boyunca yiizeyleyen diger birlikler ile tektonik
sinirlar olusturmaktadir (Ozgiil, 1976; Demirtasl, 1987; Senel, 1996; Senel vd., 1998; Solak
vd., 2017; Sagaltici, 2019). Bolgede yapilan calismalar ile, bu tektonik yapiya bagli olarak
Anamas-Akseki Otoktonu da kendi igerisinde bloklara ayrilarak incelenmistir (Monod, 1977,
Senel, 1996; Senel vd., 1998). Bu ¢alismanin konusu olan Akseki Formasyonu Kira¢ Dagi
civarinda genis bir alanda ytizlek verir ve Anamas-Akseki Otoktonu’nun da tanimlanmis Akseki

Blogu igerisinde yer alir (Monod, 1977, Sekil1B; Sener vd., 1998).

17



Sagaltic1 ve Kog, 2021, 54 (1), 15-43

Goreceli otokton konumlu Geyik Dagi Birligi i¢inde yer alan Anamas-Akseki karbonat
platformundaki Alt Kretase karbonat istiflerinin stratigrafisi ve fasiyes 0zelliklerine yonelik
caligmalar bulunmaktadir (Yilmaz, 1999; Elmaci, 2011; Solak vd., 2016; Sagaltici, 2019).
Anamas-Akseki Otoktonu’nun stratigrafisi ve kokenine iligkin ¢calismalarda mevcuttur (Martin,
1969; Monod, 1977; Ricou, 1980; Demirtasli, 1987; Toker vd., 1993; Senel, 1996; Senel vd.,
1998). Ancak, Kirag Dag1 ve civarinda genis alanda yiizlek veren Akseki Formasyonu’nun detay
stratigrafik ve mikrofasiyes 6zelliklerinin eksik oldugu goriilmektedir. Bu eksikligin giderilmesi
kapsaminda yapilan bu c¢aligmanin amaci, Kirag Dag1 ve giiney kesimlerinde yiizlek veren
Kretase yaslt Akseki Formasyonu’nun; (1) litolojik 6zelliklerinin ayrintili olarak belirlenmesi,
(2) fosil igeriginin ortaya konulmasi, (3) fasiyes alanizlerini yapilarak ortamsal yorumlarinin
yapilmasi ve (4) Toros kusagi boyunca yiizeylen benze birimler ile korelasyonunun yapilmasini

ortaya koymaktir.
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Sekil 1. A) Calisma alaninin Anatolit-Torid Birligi i¢indeki yeri (Gonciioglu vd., 1997), B)
Calisma alan1 ve yakin civarinda ylizeyleyen birlikler ve birlikler i¢indeki bloklarin dagilimi

(Monod, 1977).

Figure 1. A) The location of the study area within the Anatolide-Tauride Unit (Gonciioglu vd.,
1997), B) Units cropping out in the study area and around and the distribution of the blocks
within the units (simplified from Monod, 1977).
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Sekil 2. Caligma alan1 ve yakin civarinin jeoloji haritasi ve jeolojik enine kesiti (Martin
1969’dan sadelestirilmistir).
Figure 2. Geological map and cross section of the study area and around (simplified from
Martin 1969).
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BOLGESEL JEOLOJi

Orta Toroslar’in bat1 kesiminde 6lgiilen istif Ozgiil (1976)’nin “Geyik Dag1 Birligi” Monod
(1977) ve Senel (1976)’in “Anamas-Akseki Otoktonu” igerisinde “Akseki Blogu’” olarak
adlandirilan platform kesimine aittir. Anamas-Akseki Otoktonu, dogu-kuzeydoguda Beysehir-
Hoyran-Hadim naplar1 (Monod, 1977) ile batida ise Antalya naplar1 (Poisson vd., 1984) ile
siirlidir. Calisma alani ve yakin civarinda yapilan ilk detay calismalardan biri Martin
(1969)’dur. Yazar yaptig1 calismada Anamas-Akseki otoktonunda 7 birim tanimlamis, bélgenin
jeoloji haritasini ve enine kesitleri ¢ikarmistir (Sekil 2). Yazar, Malm-Berriasiyen yasli, belirgin
olarak plaket halinde ayrilan ve marn-kalker ile temsil edilen birim {izerine gelen Kretase yasli,
tek diizenli goriilen kalkerler i¢in “Komprehensif seri” terimini kullanmistir (Sekil 3).
Demirtasli (1987), Bat1 Toros Otoktonu igerisinde ayirt ettigi Akseki Blogu’nun Alt Kretase
yaslt birimlerini Akseki kirectasi olarak tanimlamistir. Yazar, Akseki kirectaginin Malm-
Berriasiyen yashi Akkuyu Formasyonu iizerine uyumlu olarak geldigini, Martin (1969)’un
“Komprehensif seri” olarak adlandirdig istifin en alttaki infra boksitik Kretase (Alt Kretase
kalkeri) seviyesine denk geldigini ve birimin, kalin tabakali, alt seviyelerde yer yer oolitik
seviyeler iceren kirectaslarindan olustugunu ve Berriasiyen-Senomaniyen yasta oldugunu
belirtmistir. Martin (1969)’un “Komprehensif seri” sinin iist kesimlerini olugturan supra boksit

Kretase (Ust Kretase kalkeri) seviyesini ise Seyrandag kirectasi olarak adlandirmistir.

Toker vd. (1993) Malm-Berriasiyen yasli Akkuyu Formasyonu iizerine uyumlu olarak gelen ve
Ust Kretase-erken Eosen yasli birimler tarafindan (Seyrandagi Formasyonu) uyumsuz olarak
iizerlenen Alt Kretase yasl karbonatli birimleri Akseki Formasyonu olarak tanimlamislardir
(Sekil 3). Birimin, yer yer dolomit ara katkili, orta-kalin tabakali, erime bosluklu ve bol catlakli
kirectaglarindan olustugunu belirtmektedirler. Yazarlar, birimin yasim1 Alt Kretase olarak

belirlemislerdir.

Senel vd. (1998) calisma alaninin iginde bulundugu Anamas-Akseki otoktonu icinde
tanimladiklar1 Akseki Blogu igerisinde yer alan Alt Kretase yash karbonath birimleri Akseki
kiregtas1 olarak adlandirmislardir (Sekil 3). Birimin, bej-acik kahve-acik gri renkli, orta-kalin
tabakali, yer yer mercanli, gastropodlu, sik erime bosluklu neritik kirectaglar1 ile temsil

edildigini belirtmektedirler. Akseki kirectasinin, alttaki Oksfordiyen-Berriasiyen yashh Akkuyu
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Formasyonu iizerine uyumlu olarak geldigini, Kampaniyen-Maastrihtiyen yashi Seyrandagi
kiregtasi tarafindan uyumsuz olarak {izerlendigini ve yaklasik 1000 metreye ulasan bir kalinlik

sahip oldugunu, yasinin da Alt Kretase olas1 Senomaniyen oldugunu belirlemislerdir (Sekil 3).

Anamas-Akseki Anamas-Akseki Anamas-Akseki Otoktonu
Otoktonu Otoktonu Akseki Blogu
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Sekil 3. Calisma alan1 ve yakin civarinda yapilan ¢alismalarin genellestirilmis stratigrafik
kesitleri.
Figure 3. Generalized stratigraphic sections of the works in the study area and around.
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MATARYAL VE YONTEM

Calisma, Antalya’nim Ibradi ilgesinin kuzey dogusunda yer alan Kirag Dag1 ve civarinda yiizlek
veren Alt Kretase yashi Akseki Formasyonu’nu konu almaktadir. Kesit 6lciimii Ibradi-
Glimiisdamla yolu boyunca alinmistir. Kesit 6l¢iimii bolgede yiizeyleyen Akkuyu Formasyonu
iizerine uyumlu olarak gelen dolomitler ile baslamakta ve Seyrandagi Formasyonu’nun
tabaninda gozlenen boksit seviyesine kadar devam etmektedir. Kesit hattinin; baslangic

koordinatlari; 379300D-4114909K, bitis koordinatlari; 380874D-4116166K’dir. Calisma

kapsaminda karbonatli seviyelerden toplam 43 o6rnek mikropaleontoloji ve mikrofasiyes
analizleri icin almmustir. Istifin kronostratigrafik yorumu, Akdeniz cevresi karbonat
platformlarinda yaygin olan ve stratigrafik olarak 6nemli bentik foraminiferlerin bilinen
menzilleri dikkate alinarak yapilmistir (Veli¢, 2007; Tashi vd., 2007). Mikrofasiyes
tanimlamalarinda Dunham (1962), Embry ve Klovan (1971) ve Folk (1962) karbonat
siniflamalar1 kullanilmistir. Ayirt edilen mikrofasiyes topluluklar1 Fliigel (2004)’iin standart
mikrofasiyes tipleri (SMF) ve fasiyes zonlar1 (FZ) ile denestirilmistir.

ARASTIRMA BULGULARI VE TARTISMA
Stratigrafi
Akseki Formasyonu’nun Litolojik Ozellikleri

Kirag Dagi giineyinden olgiilen ve yaklagik 500 metreden fazla kalinlik sunan Akseki
Formasyonu, tabaninda yer yer dolomit, ince tabakali, laminali kirectasi, ammonitli marn,
camurtast ara katmanli gri-bej renkli, ince-orta tabakali kiregtasi birimleri (Akkuyu
Formasyonu) iizerine uyumlu olarak gelen dolomitler ile baslamaktadir (Sekil 4). Toplam
kalinlig1 yaklasik 50 metre olan dolomitler, genellikle krem renkli, belirsiz tabakali, yer yer

laminal1 griinimlii, bezen iri, bazen ince kristallidir.
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Sekil 4. Akseki Formasyonu’nun genellestirilmis stratigrafik kesiti.

Figure 4. Generalized stratigraphic section of the Akseki Formation.
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Dolomitlerden sonra gelen ilk 30 metrelik seviye, krem renkli, orta-kalin tabakali yer yer bol
makro fosilli (siinger, gastropod, pelesipod, krinoid, tekil&koloni mercan), yer yer kumlu,
genellikle biyoklastli kirectaslarindan olusmaktadir (Sekil 4; Sekil 5). Bol makro fosilli bu
seviyeler formasyonun alt kesimleri i¢in kilavuz niteligindedir. Bu kilavuz seviye iizerine gelen
yaklagik 60 metrelik kesim, yer yer ince tabakali-laminali, seyrek gastropodlu, genellikle
fosilsiz, agik gri-gri-bej renkli, orta-kalin tabakali, monoton kiregtaslari ile temsil edilir (Sekil
4). Birim, iistte dogru, 40 metre kalinliginda yer yer dolomitik seviyeler iceren, krem renkli,
belirsiz tabakali, masif goriinlimlii, seyrek gastropodlu, pelesipodlu, sparitik kiregtaslar1 ile
devam eder. Bu seviye iizerine de 25 metre kalinliginda, agik gri-krem renkli, belirsiz tabakali
dolomit ile yer yer gastropodlu, fenestralli, agik gri-krem renkli, orta-kalin tabakali kiregtasi

ardalanmas1 gelir (Sekil 4).

Akseki Formasyonu’nun orta kesimleri, yaklagik 45 metre kalinliginda, gri-agik gri renkli, orta-
kalin tabakali, yer yer masif monoton kiregtaslari ile yaklasik 60 metre kalinliginda ki gri renkli,
orta, genellikle kalin tabakali, gastropodlu, pelesipodlu, onkoidli, yer yer fenestral monoton
kiregtasi ardalanmasi ile temsil edilmektedir (Sekil 4). Bu seviyeler iizerine 10 metre
kalinliginda, gri renkli, orta-kalin tabakali kiregtasi ve bresik kiregtasi ardalanmasi gelmektedir
(Sekil 4; 6a,b). Bresik seviyelerde boksit sivamalari, siyah ¢akillar ve intra formasyonel ¢akillar
gozlenmektedir. Bu kirectasi-bresik kirectasi seviyeleri iizerine yer yer onkoidli, laminali (Sekil
6¢), kumlu, yer yer plaket gériiniimlii, 45 metre kalinliginda ki agik gri-gri-bej renkli, orta-kalin
tabakali kirectaslart gelir (Sekil 4).

Birimin orta seviyeleri iistte dogru, 20 metre kalinliginda, pembemsi renkli, bresik dolomit
(Sekil 6d), agik gri-pembe renkli, yer yer orta (5-10-15 cm’lik) genelde kalin tabakali, yer yer
bresik goriinimli, seyrek kavki kirmtili (Sekil 6f), yer yer mikritik kirectast (Sekil 6e)

ardalanmasi ile temsil edilmektedir (Sekil 4).
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Sekil 5. Akseki Formasyonu’nun alt kesimlerini olusturan bol makro fosilli, biyoklastik
kiregtaglarinin arazi goriintimleri.
Figure 5. Field photography of bioclastic limestones with abundant macrofossils forming the
lower parts of the Akseki Formation.

Bu seviye lizerine yaklagik 20 metre kalinliginda, dolomit ara seviyeleri iceren, yer yer
gastropodlu, pelesipodlu, laminali, genellikle bej renkli, yer yer pembemsi, orta-kalin tabakali
kirectaslar1 gelmektedir (Sekil 4).

Akseki Formasyonunun iist kesimleri yaklasik 40 metre kalinliginda, tabanda bresik kirectaslari,

dolomittik kirectas1 ve kavkili kirectasi ara seviyeleri igeren (Sekil 6g), yer yer rudist kirintilt
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(Sekil 6h), seyrek biitiin rudistli, genellikle bej renkli, orta-kalin tabakali kiregtaslarindan
olusmaktadir. Bu seviyenin tabaninda gdzlenen bresik seviye ile alttaki litolojilerin dokanagi
arazide uyumlu gibi goriinse de paleontolojik verilere gére uyumsuzluk oldugu belirlenmistir
(Sekil 4). Bu seviye lizerine ise boksit seviyesi ile baslayan, genellikle krem renkli, orta-kalin
tabakali, rudistli-rudistsiz kiregtagi ardalanmasindan karbonatli birimler uyumsuz olarak
gelmektedir. Bu birim, literatiirde genel olarak Seyrandag: kiregtasi (Demirtasli, 1987; Senel
vd., 1998) / Formasyonu (Toker vd., 1993; Solak vd., 2017) olarak bilinmektedir. Seyrandagi
Formasyonu’nun yas: literatiirde Ust Kretase-Paleosen (Toker vd., 1993) / Kampaniyen-
Maastrihtiyen (Senel vd., 1998) olarak bilinmektedir.

Akseki Formasyonu’nun Fosil Icerigi ve Yast

Karbonatli kayaglardan olusan birimin kiregtasi seviyelerinden yapilan ince kesitlerde su fosiller
saptanmistir. Crescentiella morronensis (Tubiphytes), Diversocallis sp., Acolisacus sp.,
Nezzazata sp., Favreina sp. (Levha 1 T), Haplophragmoides sp. (Levha 1 V,Y), Textularia sp.,
Bacinella sp., Lenticulinid sp., Belorussiella sp. (Levha 1 Z), Lituonella sp. ((Levha 1 X-Q),
Charentia sp. (Levha 1 U), Campanellula campuensis (Levha 1 O-P), Orbitolinopsis sp.,
Praechrysalidina infracretacea (Levha 1 M), Spiroluculina sp. (Levha 1 S), Glomospira sp.,
Vercorsella sp. (Levha 1 N), Cuneolina cf. pavonia (Levha 1 A-E), Pseudonummoloculina sp.
(Levha 1 K,L), Arenobulimina sp. (Levha 1J), Nezzazata isabella (Levha 1 H,I), Miliolidae tiirii
bentik foraminiferler ve Salpingoporella dinarica (Levha 2 C-E), Salpingoporella angulata,
Salpingoporella sp. (Levha 2 H), Clypeina sp., Thaumatoporella sp., Dasiklad alg (Levha 2
A,B), Codiacea (Levha 2 F), Likanella (Levha 2 G) tiirii alglerdir.
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Sekil 6. Akseki Formasyonu’nun orta-iist kesimlerine ait litolojilerin arazi goriiniimleri. a)
Bresik kirectasi seviyeleri, b) Kirectasi-bresik kiregtasi ardalanmasi, ¢) Laminali kirectasi, d)
Bresik dolomit, e) Mikritik kirectasi, f, g) Kavkili kiregtasi, h) Rudist kirintili kiregtasi.
Figure 6. Field photography of the lithologies of the middle-upper part of the Akseki
Formation. a) Limestone breccia, b) Alternation limestone - limestone breccia, ¢) Laminated
limestone, d) Dolomite breccia, e) Micritic limestone, f,g) Limestone with shell, h) Limestone
with rudist fragments.
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Bu formlardan Crescentiella morronensis (Tubiphytes) tiirii genellikle ge¢ Jura-erken Kretase
katlarinda yaygin olarak bulunur (Senowbari-Daryan vd., 2008; Ples vd., 2016). Charentia sp.
Berriasiyen’den itibaren goriilen bir tiirdiir. Campanellula campuensis iist Hatroviyen-alt
Barremiyen’i karakterize eden bir tiirdiir (Veli¢, 2007). Praechrysalidina infracretacea’nin ilk
bulunusu iist Hotriviyen’dir (Sartorio ve Venturini, 1988; Barner vd., 1991) ve Alt Kretase’yi
karakterize eden, Barremiyen-Albiyen katlarinda yaygin olarak bulunan bir tiirdiir (Arnaud-
Vanneau ve Sliter, 1995; Tash vd., 2007; Veli¢, 2007; Cvetko TeSovi¢ vd., 2011; Solak vd.,
2015). Nezzazata isabellae Apsiyen’den itibaren goriliir bir formdur (Arnaud-Vanneau ve
Sliter, 1995; Arnaud-Vanneau ve Premoli Silva, 1995; Mancinelli ve Chiocchini, 2006; Velic,
2007; Husinec vd., 2009; Cvetko Tesovi¢ vd., 2011; Chiocchini vd., 2012). Cuneolina pavonia
Albiyen’den baslayarak tiim Ust Kretase boyunca uzun menzilli (Sartorio ve Venturini, 1988;
Veli¢, 2007; Solak vd., 2021) ve kavki oranlari/boyutlar1 bakimindan ¢ok degisken bir bentik
foraminifer grubudur. Alglerden Salpingoporella dinarica, Salpingoporella angulata gibi tiirler
ise Alt Kretase icin karakteristik formlardir. Bu fosil topluluguna gore Akseki Formasyonu’nun
tist kesimlerinde belirlenen uyumsuzluk yiizeyine kadar olan kesimin yasi Berriasiyen-Albiyen
olarak degerlendirilmistir.

Istifin en {ist seviyelerinde ise Nezzazata sp., Cuneolina gr. pavonia, Cornuspira sp.,
Pseudorhapydionina dubia, Pseudonummoloculina heimi, Moncharmontia? sp. tiirii bentik
foraminiferler belirlemistir (Sekil 7). Bu formlardan Pseudorhapydionina dubia tiirtiniin bilinen
menzili orta-iist Senomaniyen’dir (Schroeder ve Neumann, 1985; Veli¢ ve Vlahovi¢, 1994,
Veli¢, 2007; Frijia vd., 2015; Schlagintweit vd., 2016). Buna gére Akseki Formasyonu’nun en
ist seviyesinin yas1 orta-list Senomaniyen olarak degerlendirilmis ve alt seviyeler ile uyumsuz
bir yiizey olusturdugu sonucuna varilmastir.

Biitlin bu verilere gore Kiragc Dagi civarinda yiizeylenen Akseki Formasyonu’nun yasi

Berriasiyen-Ust Senomaniyen olarak belirlenmistir (Sekil 7).
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Mikrofasiyes Analizi

Bu calismada, Akseki Formasyonu’na ait karbonat kayaglarin mikroskobik ve sedimantolojik
analizlerine gore alti mikrofasiyes birlikteligi ayirt edilmistir. Bunlar; MFT-1 (dolomit
mikrofasiyesi), MFT-2 (¢amurtasi), MFT-3 (vaketas1), MFT-4 (oolitik istiftagi/tanetas1), MFT-
5 (peloidal istiftagi/tanetasi)) ve MFT-6 (intraklastik-biyoklastik istiftasi/tanetasi)

mikrofasiyesleridir.

Sekil 8. Akseki Formasyonu’nun mikrofasiyes topluluklari. a,b) Dolomit mikro fasiyesi
(MFT-1); c-f) Camurtas1 (MFT-2), o:ostrakod, f:spar kalsit fenestral, on:onkoid, bf:bentik
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foraminifer; cy:Cayeuxia (alg); g,h) Vaketasi (MFT-3); bf:bentik foraminifer; i:intraklast, m:
miliolid (Cizgisel 6l¢ek:0.2 mm)
Figure 8. Microfacies associations of the Akseki Formation. a,b) Dolomite microfacies (MFT-
1); c-f) Mudstone (MFT-2), o:ostracod, f:spar calcite fenestrae, on: oncoid, bf: benthic
foraminifera; cy:Cayeuxia (algea); g,h) Wackestone (MFT-3); bf: benthic foraminifera;

i:intraclast, m: miliolids. (Scale bars: 0.2 mm)
MFT-1) Dolomit mikrofasiyesi (Sekil 8 a,b)

Akseki Formasyonu’nun tabaninda yaygin, diger kesimlerinde seyrek olarak gdzlenen bu
mikrofasiyes tamamen dolomitlerden olusmaktadir. Kiregtasinin dolomitle tiimden yer
degistirmis oldugu, bu nedenle 6zsekilsiz bir mozayik goriiniimii kazandig1 diistintilmektedir
(Sekil 8a). Bazi kesitlerde ise zonlanma kismen belirgindir (Sekil 8b). Fosil igerigine
rastlanilmamistir. Bu mikrofasiyes self ortaminda ¢okelmis, daha sonra siglasmis ve erken
diyajenezde dolomitlesmis karbonatlar olabilecegi gibi; olusum ortamindan tamamen bagimsiz
olarak derin gomiilme siirecinde formasyon i¢i Mg’ca zengin sular tarafindan ge¢ diyajenez

kosullarinin olusumu da miimkiindiir (Varol ve Matsumoto; 2005).

MFT-2) Camurtas1 (Mikrit/fosilli mikrit) (Sekil 8 c-f)

Bu mikrofasiyes esas olarak mikritten olugsmaktadir. Seyrek olarak ostrakod (Sekil 8c) ve spar
kalsit dolgulu diizensiz fenestral bosluklar (Sekil 8d) bulunmaktadir. Baz1 kesitlerde genel
camur icerisinde onkoidler ve kii¢iik bentik foraminiferler (miliolid, Campanellula) (Sekil 8e),
iri Cayeuxia (Codiacea) tiirii algler (Sekil 8f) yaygin olarak goriiliirler. Bu nedenle genellikle
camurtas1 kismen vaketas1 6zelligi gosteren bir fasiyestir. Fenestral bosluklar, tercihli olarak
gel-git stii ve gel-git i¢inin iist boliimlerini yansitirlar (Fliigel, 2004). Canli gesitliligi ve
enerjisinin diisiik olmas1 smirli bir karbonat ortamini, gel-git i¢i fasiyesini isaret etmektedir.
Fasiyes, Fliigel (2004)’tin platform i¢i, FZ 7’sine karsilik gelen SMF 23 fasiyesi ile

denestirilebilir.

MFT-3) Vaketas1 (Biyomikrit) (Sekil 7 g) / (Biyointra mikrit) (Sekil 7h)

Akseki Formasyonu’nda ¢ok sik goriilen mikrofasiyesdir. Bu mikrofasiyes iki farkli bilesenli

gozlenir. Cogunlukla bentik foramiferli vaketasi fasiyesinde (Sekil 7g), seyrek olarak
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intraklastik vaketes1 fasiyesindedir (Sekil 7h). Bentik foraminiferli vaketasi fasiyesinde yaygin
olarak miliolid, seyrek olarak Nezzezata, Cuneolina, Haplophragmoides formlar ile temsil
edilirler. Ostrakod, pelesipod, dasiglad alg, intrakalst seyrek olarak gozlenen ikincil
bilesenlerdir. Bilesenler yer yer fenestral bosluklar igeren bir ¢camur icerisindedir. Intrakastli
vaketasi fasiyesinde yaygin bilesen mikritik camur tanelerinden olusan intraklastlar olup, seyrek
olarak bentik foraminiferler icerir. Bentik foraminiferler Charentia, Belorussiella,
Haplophragmoides formlar ile temsil edilir. Pelesipod, ostrakod, Thaumatoporella seyrek
olarak gozlenen ikincil bilesenlerdir. Bu mikrofasiyes birlikteligi sinirli su sirkiilasyonuna
maruz kalmis, diisiik enerjili s1g gel-git alt1 ortamlari icin tipiktir (Fliigel, 2004). Fasiyes, Fliigel
(2004)’tin platform i¢i, FZ 7’sine karsilik gelen SMF 8 fasiyesi ile denestirilebilir.

MFT-4) Oolitik Istiftasi (oomikrit) / Tanetasi (oosparit) (Sekil 8a-c):

Akseki Formasyonu’nun orta kesimlerinde seyrek goriilen bir fasiyestir. Oolitler egemen
bilesendir. Peloid taneleri, intrakastlar ve biyoklastlar seyrektir. Baglayici ya mikrit ya da spar
kalsittir. Oolitler; degisik boyutlarda olup, genellikle konsantirik sarilimli olup, ¢ekirdegi
cogunlukla mikritik camurdur. Seyrek olarak da mikritik oolitler goriiliir. Peloidler, genellikle
simetrik dagilimli, yer yer kiimeler halinde goriiliirler. Intraklastlar, farkli sekil, biiyiikliik ve
bilesime sahiptir ve ¢ogunlukla mikritik ¢amurtasi tanelerden olusur (Sekil 8a-c). Biyoklast
olarak seyrek, kiigik boyutlu bentik foraminiferler (Belorussiella, Vercorsella,
Haplophragmoides, Glomospira), algler (Dasiklad alg, Cayeuxia, Salginporella) ve
gastropodlar ile temsil edilir. Fliigel (2004)’lin FZ 6’sina karsilik gelen bu mikro fasiyes yliksek

enerjili, platform kenar1 kum s1glig1 ortamlari igin tipiktir.
MFT-5) Peloidal istiftasi (pelmikrit) / Tanetasi (Pelsparit) (Sekil 8d):

Akseki Formasyonu’nun orta kesimlerinde seyrek goriilen bir fasiyestir. Peloidler egemen
bilesendir. Intrakastlar ve biyoklastlar seyrektir. Baglayici ya mikrit ya da spar kalsittir.
Peloidler, genellikle simetrik dagilimli, yer yer kiimeler halinde goriiliirler. Intraklastlar, farkl
sekil, biiytikliik ve bilesime sahiptir ve ¢cogunlukla mikritik ¢amurtasi tanelerden olusur (Sekil
8d). Biyoklast olarak seyrek, kiiciik boyutlu bentik foraminiferler (Vercorsella,

Haplophragmoides, Glomospira, Cuneolina), algler (Dasiklad alg, Salginporella) ve
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gastropodlar ile temsil edilir. Peloidler sig su ortamlarinda yaygin olarak bulunurlar (Fliigel,
2004). Bu faiyes Fliigel (2004)’iin FZ 8’ine, Wilson (1975)’in SMF 16’sina karsilik gelen diisiik

enerjili, s1g, gel-git alt1 lagiinel bir ortamda ¢dkelmis olmali.

Sekil 9. Akseki Formasyonu’nun mikrofasiyes topluluklari. a-c) Oolitik istiftagi/tanetasi

(MFT-4), oo:oolit; i:intraklast, p:peloid, cy:Cayeuxia (alg); d) Pelloidal istiftagi/tanetasi
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(MFT-5), bf:bentik foraminifer; p:peloid; e-h) intraklastik-biyoklastik istiftasi/tanetagi (MFT-
6), bf:bentik foraminifer; i:intraklast, m: miliolid (Cizgisel 6l¢ek: 0.2 mm)

Figure 9. Microfacies associations of the Akseki Formation. a-c) Oolitic packstone/grainstone
(MFT-4), oo:oolite; i:intraclast, p:peloid, cy:Cayeuxia (algae); d) Peloidal
packstone/grainstone (MFT-5), bf: benthic foraminifera; p:peloid; e-h) intraclastic-bioclastic
packstone/grainstone (MFT-6), bf: benthic foraminifera; i: intraclast, m: miliolid. (Scale bars:
0.2 mm)

MFT-6) Intrakalstik-Biyoklastik Istiftasi (intrabiyomikrit) / Tanetas1 (intrabiyosparit)
(Sekil 9e-h)

Akseki Formasyonu’nun iist kesimlerinde yaygin goriilen bir mikrofasiyestir. Bilesenler genel
olarak intraklast ve bentik foraminiferlerden olusur. intraklastlar, farkli sekil, biiyiiklik ve
bilesime sahiptir. Cogunlukla mikritik ¢gamurtasi tanelerden olusur (Sekil 9e,g,h). Seyrek olarak
da peloidler goriiliir. Ozellikle miliolid ve diger bentik foraminiferlerin (Nezzazata, Cuneolina,
Pseudonummoloculina, Arenobulimina) hakim oldugu bir fasiyestir. Bunlarin yaninda seyrek
olarak Thaumatoporella, ostrakod, gastropod, dasiklad alg yer almaktadir. Bu fasiyeste taneler
arasin1 hem mikrit hem de spar kalsit ¢cimento doldurmaktadir. Ortamda hem mikrit hem de
sparin bulunmasi, ortamin diisiikk enerjili fakat zaman zaman hareketlendigini, bol miktarda
kiiciik bentik foraminiferin olmasi sinirli dolasimli bir self lagiinii ortaminda c¢okelimin
gerceklestigini gostermektedir. Fasiyes, Fliigel (2004)’iin platform i¢i, FZ 7-8’zine karsilik
gelen SMF 18 fasiyesi ile denestirilebilir.

Paleo-Ortamsal Yorum

Akseki Formasyonu’nun sedimantolojik 6zellikleri, fasiyes/mikrofasiyes ve mikropaleontolojik
analizleri, birimin platformun gel-gitten etkilenmis, gel-git diizliigii ve sinirh lagiin kosullarinda
cokeldigini gostermektedir. Mikrofasiyeslerde gozlenen fenestral bosluklar, tercihen gel-git
Ustli ve gel-git i¢i ortamlar1 isaret etikleri, peloidlerin s1g su ortamlarinda yaygin olarak
bulunduklar1 bilinmektedir (Fliigel, 2004). Ortamda hem mikrit hem de sparin bulunmasi,
ortamin diisiik enerjili fakat zaman zaman hareketlendigini, bol miktarda kii¢iik bentik
foraminiferin olmasi sinirli dolasimli bir self lagiinii ortaminda ¢okelimin gerceklestigini isaret
etmektedir. Ince kavkili ostrakodlarin yerel bollugu ve ¢ok seyrek kii¢iik miliolidler ortama aci-
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tatli su akigini (Simone vd., 2012) ve s1g havuz olusuklarini isaret etmektedir. Birim igerisinde
yer yer gozlenen bresik seviyeler, boksit cakillart igeren bresler ve dolomitik arakatkilar
sirasiyla su-iistii ve gel-git alti-gel-git i¢i ortamlarinin muhtemel bir sonucudur. Albiyen - orta
Senomaniyen tabaninda goézlenen bresik seviye ve ge¢ Albiyen-erken Senomaniyen yas
verisinin eksikligi bu dénemin su istii faz1 nedeniyle kesintiye ugradi ya da asinma nedeniyle
eksik oldugu sekilde yorumlanmistir. Akseki Formasyonu iizerine gelen Seyrandagi
Formasyonu’nun (Ust Kampaniyen-Maastrihtiyen; Senel vd., 1998; Solak vd., 2017) tabaninda
goriilen boksit seviyesi ge¢ Senomaniyen’den Kampaniyen sonuna uzanan uzun siireli su iistii

fazi nedeniyle kesintiye ugrarmistir (ya da asinma nedeniyle eksiktir).

SONUCLAR VE TARTISMA

Kira¢ Dag1 civarinda yiizlek veren Akseki Formasyonu stratigrafik, mikropaleontolojik
analizlerine gore yas1 erken Kretase- ge¢ Senomaniyen olarak belirlenmistir. Birim, tabanda
yaklagik 50 metre kalinligindaki dolomitler ile baslar ve yer yer bresik kiregtasi, dolomit-
dolomitik kirectas1 ara seviyeleri i¢eren, diizgiin tabakali, monoton goriiniimlii kirectaslari ile
temsil edilir. Mikropaleontolojik analizlere goére birim icerisinde orta Senomaniyen oncesi
uyumsuzluk belirlenmistir. Bu veriler ile birim icerisinde belirlenen mikrofasiyes analizleri
birlikte degerlendirildiginde Erken Kretase- Ge¢ Senomaniyen siiresince, siirlt i¢ platform
kosullarinda ¢okelmis karbonatli ile temsil edilmistir. Asinma ve/veya platform kesiminin kisa
slire su iistll olasindan kaynaklanan uyumsuzluk, orta Senomaniyen oncesi stratigrafik bosluga
(eksiklige) neden olmustur. Birim iizerine boksit seviyesi ile baslayan ve rudistli-rudistsiz
kiregtaslari ile temsil edilen, Ust Kampaniyen-Maastrihtiyen yasli Seyrandag Formasyonu’ nun
varligi asinma ve/veya platform kesiminin uzun siire su {istii olmasindan kaynaklanan

uyumsuzluk ge¢ Senomaniyen-ge¢ Kampaniyen stratigrafik bosluguna neden olmustur.

Geg¢ Albiyen-erken Senomaniyen platformun su {isti olma durumu Toros karbonat
platformunda yaygin goriilen (Farinacci ve Koyliioglu, 1982; Haq el al., 1988; Tash vd., 2007)
karbonat ¢okelimindeki ge¢ Apsiyen krizi Haq vd. (1988)’in Ostatik deniz seviyesi degisimleri

egrisine uymaktadir.
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Birimin litolojik, mikrofasiyes Ozellikleri, ¢okelme ortami bakiminda caligma alani yakin
civarinda (Toker vd., 1993; Senel vd., 1998; Altiner vd., 1999) ve Orta Toroslar’in diger
kesimlerinde yiizeyleyen (Demirtagl, 1984; Taslh vd., 2007; Solak vd., 2016; Cagla, 2017) Alt

Kretase yaglh birimleri ile benzer 6zellikler géstermektedir.
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LEVHA1

Levha 1. Akseki formasyonuna ait se¢ilmis bentik foraminiferler. A-G) Cuneolina cf. pavonia,
H,l) Nezzazata isabella, J) Arenobulimina sp., K,L) Pseudonummoloculina sp., M)

Praechrysalidina infracretacea, N) Vercorsella sp., O-P) Campanellulas sp., S) Spiroluculina
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sp., T) Favreina sp., U) Charentia sp., V,Y) Haplophragmoides sp., Z) Belorussiella sp., X-Q)
Lituonella sp. (Cizgisel Olgek: 0.2 mm)

Plate 1. Selected benthic foraminifers of the Akseki formation. A-G) Cuneolina cf. pavonia,
H,l) Nezzazata isabella, J) Arenobulimina sp., K,L) Pseudonummoloculina sp., M)
Praechrysalidina infracretacea, N) Vercorsella sp., O-P) Campanellula campuensis, S)
Spiroluculina sp., T) Favreina sp., U) Charentia sp., V,Y) Haplophragmoides sp., Z)

Belorussiella sp., X-Q) Lituonella sp. (Scale bars: 0.2 mm)

LEVHA 2

Levha 2. Akseki formasyonuna ait se¢ilmis algler. A,B) Dasiklad alg, C-E) Salpingoporella
dinarica, F) Codiacea, G) Likanella, H) Salpingoporella sp. (Cizgisel Olcek: 0.2 mm)

Plate 2. Selected algae from the Akseki formation. A,B) Dasycladalean algae, C-E)
Salpingoporella dinarica, F) Codiacea, G) Licanella, H) Salpingoporella sp. (Scale bars: 0.2
mm)
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ABSTRACT

The effect of water flow rate on Davis tube tests was investigated in different solid ratios using
low and high magnetite content samples. It was found that with increasing water flow rate Fe
recovery decreased for each studied solid rate. It has been shown that the chosen solid ratio does
not affect the grade regardless of the water flow rate, it has an impact on the Fe recovery.

Keywords: Davis tube, wet magnetic separation, water flow rate, magnetite, iron ore
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INTRODUCTION

An indispensable device in iron ores research, the Davis tube has not undergone any notable
modifications since it was patented in 1921 (Svoboda, 2004). With these devices, grinded iron
minerals, which can exhibit magnetic properties up to 9000 Gauss, can be separated from their
non-magnetic side minerals as much as their liberations allow (Davis, 1955). Although the
device which consists of a glass tube and motion motor placed between the electromagnetic
poles is called an analyzer, it can also be used as a wet magnetic separator, and the obtained
results can be applied to industrial devices with correction factors (Murariu and Svoboda, 2003;
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Arol and Aydogan, 2004; Sivrikaya and Arol, 2012). Regardless of the application area, one of
the most effective methods of magnetic separation, especially on small amount of samples (<20
g), is again the Davis tube device (Safarik, et al. 2001).

The most comprehensive study on Davis tube working parameters was conducted by Schulz
(1964). It was noted that the water flow rate had no significant effect on the magnetic separation
characteristic at water flow rates up to 1000 I/min. In subsequent studies, it was again studied
in a narrow range and similar results were obtained at low water flow rates (Ahmed, 2010;
Haffez, 2012).

In this study, Davis tube studies were conducted with two different type of iron ore, and unlike
other studies, the answer to the question of what changes will occur on Fe grade and recovery

if there are dramatic changes in water flow rate and solid ratios were investigated.

MATERIAL and METHOD

In the experiments, samples with low and high magnetite content obtained from Giilveren (A)
and Bala (B) iron deposits located around the capital Ankara were used. The reason for selecting
these deposits is to examine the relation of the change in the magnetite content of the sample
with the water flow rate.

Samples A and B contain both magnetite and hematite in their structure, which can show fine
hematite-magnetite transition zones. As shown in Table 1, sample A contains 31.85% magnetite,
while sample B contains 62.12% magnetite.

The total iron content of the samples (Fe?*+Fe®") is 55.50% and 45.60% respectively. The
satmagan results of the samples show that about half of the Fe content of sample A
(31.85x0,72=~23% Fe), and almost all of the sample B (62.12x0.72=~44.73% Fe) may have
been caused by magnetite.

Iron analysis of the products obtained in the experiments was performed by aqua regia solution
and titration. The magnetite content of the samples was analyzed with the Rapiscan Model
Satmagan device.

Mineral liberation analysis (MLA) was performed with FEI Quanta 400 MK2 model SEM;

Representative samples of each deposit, were first ground down to -150 pm, and then wet
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screened to obtain size fractions for SEM-MLA analyses. The modal mineralogical results of

SEM-MLA analyses are given in Table 1.

Table 1. SEM-MLA analyses results of the samples A and B

Cizelge 1. A ve B numunelerinin SEM-MLA analiz sonuglar

Modal mineralogy
Mineral Content (%)
Mineral -150+75 pm ~75+45 um -45+20 um (-15A(;/f£%gﬁm)
A B A B A B A B
Magnetite 75,53 9,29 86,19 6,26 87,50 7,51 83,07 7,69
Gothite 10,53 - 7,38 - 6,90 - 8,27 -
Hematite 1,22 - 1,10 - 1,08 - 1,13 -
Mn- magnetite 0,12 59,51 0,12 80,58 0,26 81,41 0,17 73,83
Quartz 5,88 2,30 1,97 0,77 1,26 0,47 3,03 1,18
Garnet 1,09 0,65 0,77 0,23 0,55 0,30 0,80 0,39
Calcite 1,54 5,93 0,58 2,02 0,43 1,64 0,85 3,20
Pyrite 0,10 4,12 0,06 2,60 0,23 2,58 0,13 3,10
Others 3,99 18,20 1,83 7,54 1,79 6,09 2,55 10,61
Total 100,00 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00
Mineral Liberation
Liberation (%)
Mineral Sample A Sample B
-150+75um | -75+45um | -45+20um | -150+75um | -75+45um | -45+20pum
Magnetite 75,58 80,58 82,49 54,56 50,88 51,04
Mn-magnetite 24,91 56,56 69,95 89,06 89,05 87,49
Hematite 55,67 56,66 55,15 - - -
Gothite 31,69 32,32 35,86 - - -
Elemental Distribution of Minerals
. Sample A Avarage Sample B Avarage
Element-Mineral (-150+20 jm) (-150+20 )
Fe
Magnetite 89,99 9,79
Mn- magnetite 0,16 84,50
Others 9,85 571
Total 100,00 100,00
Si
Quartz 66,65 55,55
Garnet 6,27 6,98
Others 27,08 37,47
Total 100,00 100,00
Ca
Calcite 41,50 52,63
Others 58,50 47,37
Total 100,00 100,00
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The most remarkable detail in Modal Mineralogy results is to obtain different results with
satmagan. The main reason for this is the presence of hematite and geothite in sample A,
especially when geothite is eliminated from the sample by 20 um due to its fine size during wet
screening, so that other mineral ratios are detected at a high rate during analysis. This situation
shows itself better, especially in the results of elemental distribution. During the preparation
phase of the A sample, geothite and hematite are eliminated at -20 pm and the mineral magnetite
contributes the most to the Fe content.

This problem, which is frequently encountered in limonite or clay abundant samples in MLA
analyses, can be overcome by performing modal analysis on magnetite ores with a satmagan
device. In this study, satmagan and Fe analysis values were taken into account.

Sample A and Sample B liberation at -45+20 um fraction were determined as 82,49% and
87,49%, respectively. For this reason, the samples were milled to be dgo:45 um for Davis tube
tests.

The Davis tube device with an internal diameter of 2,2 inches was used in the experiments.
Other parameters besides water flow rate were kept constant (agitation frequencies: 72
cycles/min, tube position: 30° from horizontal, stroke length: 50 mm, rotation degrees: 73°).
The water flow rate was adjusted by peristaltic pump connected to the water tank. The selected
water flow rates are 0,5, 1,0, 2,0, 3,0, 4,0 I/min and 4,5 I/min, which is the upper limit,
respectively, and the amount of solids used at each water flow rate is changed from 20 g to 60
g. All experiments were conducted in two sets for a test time of 5 and 10 minutes.

In the experiments, the magnetic field intensity to be applied to the samples was determined by
preliminary tests. Experiments were conducted at operating parameters (1000 I/min water flow
rate, 10 minutes test time and 30 g solids) in accordance with the device's user manual, and 3000
and 2000 Gauss were selected for the A and B samples, respectively, where the grade and
recovery given in Table 2 began to be fixed.
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Table 2. Determination of magnetic field intensity to be applied for A and B samples

Cizelge 2. A ve B numuneleri igin uygulanacak manyetik alan siddetinin belirlenmesi

Magnetic Field| A B

Intensity (Gauss) Fe % Recovery% Fe % Recovery%
1000 70,00 5,33 62,65 84,18

2000 70,15 57,69 62,75 86,31

3000 69,70 70,47 63,80 86,44

4000 71,25 71,25 62,85 86,85

5000 69,45 69,51 63,00 86,95

RESULTS

The recovery-water flow rate change for sample A with low magnetite content is shown in
Figure 1. As the water velocity increases for each solid quantity, the recovery decreases with an
exponential function. The reason for the formation of exponential curves is that the recovery
values decrease faster than 0,5 I/min to 3 I/min, and the decrease in recovery slows down after
3 I/min. Although a decrease in Fe recovery is expected at high water flow rates, it is noteworthy
that increasing the flow rate from 0,5 I/min to 1,0 I/min reduces Fe recovery by up to 5%.
Higher recovery values were obtained in high solid amounts, and lower recovery values were
obtained in low solid amounts. Since the recovery change for each flow rate is very close, the
recovery-solid ratio curves were parallel to each other at varying water flow rates. As solid
amounts increase, the recovery values show linear increases exceeding 7%, regardless of the
water flow rate (at each studied flow rate).

The results obtained with the magnetite-dense B sample are given in Figure 2. As the water flow
rate increases, the recovery decreases with an exponential function, but this is slower than the
A sample with hematite. The increase in recovery values as the amount of solids increases and
the formation of curves parallel to each other indicate that the same trend is achieved with the

other sample.
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Figure 1- Recovery-water flow rate and recovery-solid changes in increasing solids for sample
A

Sekil 1. A numunesi i¢in artan katilarda geri kazanim suyu akis hizi ve geri kazanim kati
degisiklikleri
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Figure 2- Recovery-water velocity and recovery-solid changes in increasing solids for sample
B

Sekil 2. B numunesi i¢in artan katilarda geri kazanim-su hizi ve geri kazanim-kati
degisiklikleri
Although a decrease in recovery is expected at high water flow rates for both samples, when the
flow rate increases from 0,5 I/minto 1,0 I/min, a decrease in recovery exceeding 5% is observed.
Changes in grade values are shown in Figure 3 and Figure 4 for samples A and B. In either way,
no significant trend was observed in the grade with the increased water flow rate or the amount

of solids, the 70% Fe band for A and the 63% Fe band for B were retained in all cases.
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Figure 3- Grade changes for increased water velocity and solid ratios for A and B samples

Sekil 3. A ve B numuneleri i¢in artan su hizi ve kati oranlart igin derece degisiklikleri

DISCUSSION

The following results were obtained in Davis tube experiments regarding increased water flow
rates and solid amounts.

Fe recovery decreases as water flow rate increases:

The decrease in recovery occurs faster between 0,5 I/min and 3 I/min, after this point it decreases
more slowly at high water flow rates such as 4-4,5 I/min. Therefore, exponential changes in
Figures 2 and 4 are obtained. The decrease in recovery as the water flow rate increases is actually

an expected result. The particles normally held in the magnetic field cannot resist the high flow
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rate and are separated from the magnetic field, thus the solid amount held in the magnetic part
decreases, which naturally reduces the recovery of iron.

The same results were obtained in both low and high magnetite samples, but more pronounced
in the low magnetite sample (A). Since hematite is also present in this sample, it can be said that
the resistance of magnetite to high water flow rates is further reduced by the presence of
hematite, or that the particles that first move away from the environment with high water flow
rate may be magnetites with hematite. A similar effect is observed in sample B with high
magnetite content, but less than in sample A.

The increase in the water flow rate from 0,5 I/min to 1,0 I/min, which is relatively low flow rates
without reaching values such as 3 I/min, affects the Fe recovery values. Thus, Davis tube studies

show that ensuring constant water flow rate has an effect on recovery rather than grade.

Higher Fe efficiency is achieved in Davis tube experiments as the amount of solids increases:
The relationship between solid amount and recovery is linear and valid for every applied water
flow rate, regardless of the water flow rate. As the amount of solid increases iron recovery
increases. It is due to the proportional increase in the weight of the magnetic part, and the grade
values remains the same. This is related to device capacity, in other words, the region of
magnetic concentration.

The grade of the magnetic part does not change:

Although increasing the water flow rate or the solid amount affects the recovery, it does not

cause a significant change in the magnetic product grade.

RESULTS

The results indicated that magnetic particles, which can be kept at normal water flow rates in
the Davis tube tests, can escape to the tailings when the water flow rate increases. As the water
flow rate increases, the Fe recovery decreases, which is observed for every water flow rate
increase from 0,5 I/min to 4,5 I/min. However, the increase in water flow rate does not affect
the magnetic product grade.

The amount of solid to be used in the Davis tube test must be selected according to the device's
magnetic concentration holding capacity. The usage of more or less samples than necessary

affects Fe recovery just like the water flow rate, but not the grade.
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Bu makalede, Adana ili, Karaisal1 Ilcesi, Cevlik mahallesinde bulunan kuvarsit ocaklarina ait
hava kirliliginin (emisyon degerleri dikkate alinarak) kiimiilatif etkileri AERMOD hava
kirliligi dagilimi programi kullanilarak modellenmistir. N34-al paftasinda, birbirine yakin
konumlarda ruhsatlandirilmig 7 adet kuvarsit ocagi bulunmaktadir. Delme-patlatma islemi ile
malzeme alimi gerceklestiren mevcut ocaklardan kaynaklanabilecek olasi tiim etkiler, sosyal
ve cevresel riskler acgisindan degerlendirilmeler yapilmis olup, cevresel parametreler goz
Oniine alinarak etki alanlar1 belirlenmistir. Modelleme ¢alismasinda 4kmx4km‘lik (16 kmz) bir
alanda AERMOD hava kalitesi modelleme ¢alismas1 gerceklestirilmistir.Hesaplanan kiitlesel
emisyon debilerinin yonetmelikte verilen sinir degerleri (1 kg/saat) astig1 saptanmigtir. Buna
gore yapilan hava kalitesi model c¢alismalar1 sonucunda; Senaryo 2 (Kiimiilatif)
faaliyetlerinden kaynaklt PM10 ve c¢oken toz emisyonu degerlerine gore; Calisma alani
igerisinde toplam 9 kez 50 p,tg/m3 deger asilmustir.

Anahtar Kelimeler: Hava Kirliligi, Hava Kalitesi Dagilim Modeli, SKHKK

Nil YAPICI nyapici@cu.edu.tr
" ¢.U. Maden Miihendisligi Boliimii, Adana, Tiirkiye
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ABSTRACT

In this article, the cumulative effects of the air pollution (taking into account the emission
values) of the quartzite quarries located in Adana Province, Karaisali District, Cevlik
neighborhood are modeled using the AERMOD air pollution distribution program. There are
7 licensed quartzite quarries in close proximity to each other on the N34-al sheet. All possible
effects, social and environmental risks that may arise from the existing quarries that purchase
materials by drilling-blasting process have been evaluated, and the impact areas have been
determined by considering environmental parameters. In the modeling study, AERMOD air
quality modeling study was carried out in an area of 4kmx4km (16 km?). It was determined
that the calculated mass emission flow rates exceeded the limit values (1 kg/hour) given in the
regulation. As a result of the air quality model studies; according to PM10 from Scenario 2
(Cumulative) activities and the precipitating dust emission values, a value of 50 pg/m*® was
exceeded 9 times in Working Area.

Keywords: Air Pollution, Air Quality Dispersion (Distribution) Model, SKHKKY
GIRIS

Endiistriyel veya diger kaynaklardan meydana gelen kirleticilerin saglik ve c¢evre lizerindeki
etkilerini Olgebilmek ve tanimlayabilmek ic¢in hava kirlilig§i modelleme sistemleri
kullanilabilmektedir. Dagilim modelleri emisyonlarin kaynagindan kilometrelerce uzakliga
kadar degisimlerini modelleyebilmektedir. Atmosfer olaylarini, hava kirleticilerinin
atmosferdeki fiziksel ve kimyasal hareketlerini, reaksiyonlarini, bozunmalarini ve
yogunluklarin1 matematiksel olarak hesaplayabilmektedir (Demirarslan ve dig., 2008).

Hava kirliligi dagilim modellemeleri uygulanirken, hava kirleticilerinin atmosfer igerisinde
dagilimimin nasil oldugu, matematiksel olarak simiile edilebilmektedir. Burada yapilan islem,
gelistirilen bilgisayar programlar ile kirleticilerin matematiksel esitliklerinin ve algoritmalarin
coziilmesidir. Tim bunlar1 yaparken kaynak bilgiler, tim emisyon bilgileri, meteorolojik
veriler, yeryiizii sekilleri gibi parametreler kullanilmaktadir (Demirarslan ve dig., 2008).
Calisma sahasinda iiretilen cevher, kuvars arenit bilesimli sedimanter kumtaslaridir. Adana i,
Karaisali Ilgesi, Cevlik Mahallesi mevkiinde, T.C. Enerji ve Tabii Kaynaklar Bakanligi,
Maden ve Petrol Isleri Genel Miidiirliigi (MAPEG)nden  ‘Kuvarsit ocagi’ olarak
ruhsatlandirilmistir. Ruhsatli bolgede 7 adet ocak bulunmaktadir (Sekil 1).
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Calismada ruhsat alanlarinin olast emisyon kaynaklarindan c¢ikarilacak partikiil madde
miktarlarinin sosyal ve cevresel riskler agisindan degerlendirilmeleri yapilmistir. Emisyon
faktorlerine gore olusacak toz emisyonunun hesaplamasi yapilmis ve AERMOD View

AERMOD hava kirliligi dagilimi modeli 2 ayr1 seneryo dahilinde gergeklestirilmistir.
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Sekil 1. Yer bulduru ve ocaklarin konum haritasi

Figure 1. Location map of the quarries

MATERYAL VE METOD

Hava kirliliginin kiimiilatif etkileri, lisansh olarak kullanilmakta olan “Lakes Environmental
AERMOD View” dagilim modeli {izerinden yapilmistir. AERMOD View AERMOD hava
kirliligi dagilim1 modeli asagida belirtilen dort degisik veri tiiriinii kullanmaktadir:

e Riizgar yoni, rlizgar hizi, sicaklik, Pasquill kararlilhik smifi, karisma yiiksekligi,
(kullanicinin se¢imine bagli) riizgar profili eksponenti ile potansiyel dikey sicaklik farkini
iceren saatlik meteorolojik veri seti,

e Alict ortam olarak tanimlanan ag sistemindeki her bir elemanin koordinatlar1 ve

yiiksekligi,
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e Kullanic1 tarafindan saptanan bir baslangic noktasina gore belirlenen kaynak
koordinatlari, kaynak yiiksekligi, ¢api, kirletici hizi, sicakli§i ve debisini i¢eren kaynak
verileri,

e Modelde ayrica, kullanicinin tercihine bagli birgok program kontrol parametresi
bulunmaktadir.

Mevcut mevzuata gore sonuclarin degerlendirilebilmesi i¢in kullanilan kaynak 03.07.2009
tarth ve 27277 say1 ile Resmi Gazete’de yayimlanarak yiirlirliige giren ve en son 20.12.2014
tarih ve 29211 say1 ile degisiklik yapilan “Sanayi Kaynakli Hava Kirliliginin Kontrolii
(SKHKK) Yo6netmeligi’dir.

Acik isletme yontemi ile alinan hammaddenin ¢evresel toz etkilerinin ortaya ¢ikarilmasi amact
ile emisyon hesaplamalar1 gerceklestirilmistir. Olusacak toz emisyonunun hesaplamasinda
kullanilan emisyon faktorleri kaynaklara gore Cizelge 1°de verilmistir. Isletmede iiretim
boyunca iiretim, yilikleme, stok sahasina tasima, stok sahasina bosaltma, stok sahasinda
depolama, stok sahasindan kamyonlara yiikleme, kirma-eleme tesisine tasima ve bunkere
bosaltma islemleri yapilacaktir. Ocaktan malzemenin yiiklenmesi, nakliyesi ve bosaltilmasi
sirasinda olusabilecek toz emisyonu icin hesaplar yapilmistir. Bu asamalarda olusabilecek toz
emisyonlart; liretim miktari, ¢alisma alaninin genisligi ve isin boyutu ile dogru orantilidir.
Sahada iiretimi gerceklestirilecek kuvarsitin %1°1 pasadir. Geriye kalan %99’luk kisim
kuvarsittir. Bolgedeki kuvarsit ocagi ruhsatli alanlar, Karahamzausagi fm, Demirkazik fm ve
Yave¢a fm’larinin kumtasi, kuvarsit igerikli birimlerini kapsamaktadir (Sekil 2). Elde edilecek
kuvarsit hammaddesi Permo-Karbonifer yashi Karahamzausagi fm. igerisinde bulumaktadir
(Sekil 3). Baslica killi kiregtasi, kiregtasi, kuvarsit, biitimlii seyl, dolomitik kiregtast ve
dolomitten olusan birim ilk olarak Unliigeng (1986) tarafindan isimlendirilmistir. Schmidt,
1961, Unliigeng, 1986 tarafindan bdlgesel koralasyona dayamilarak birimin yasinin Permo-
Karbonifer olmasi gerektigi ifade edilmistir. Karahamzausag1 formasyonu paleotopografik
yiikseltilerde ince olarak ¢okelen Jura-Ust Kretase yasli Demirkazik kirectasinm derin bir
sekilde asinmasiyla yiizeylenmistir (Unliigeng, U.C. ve Demirkol, C., 1988). Permo-
Karbonifer yasli Karahamzausagi formasyonuna ait kuvarsit, kuvars arenit bilesimli
hammadde ruhsath alanlardan elde edilen emisyon degerleri sonuglarina gore 2 adet senaryo

iretilmistir.
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Senaryo 1: Patlatma, Ocak ve diger tesis-birimlerde gerceklestirilecek faaliyetlere bagh
olusacak emisyonlarin tamaminin ayni anda gergeklestirilecegi géz oniinde bulundurularak
hesaplanmistir. Yapilan hesaplamalar sonucunda gergeklestirilen senaryo dahilinde en yakin
yerlesim birimlerinde ve en yakin hassas alanlarda meydana gelecek PM10 ve ¢dken toz
yogunluklarinin yonetmelikte verilen sinir degerleri saglayip saglamadigi degerlendirilmistir.

Senaryo 2 (Kiimiilatif): Kiimiilatif etkiler arazi hazirlik, agik ocak madencilik faaliyetleri,
depolama, kirma-eleme tesisi faaliyeti, patlatma, nakliye, stabilize yollardan ve diger
tesislerden kaynakli olusacak emisyon tamaminin ayni anda gergeklestirilecegi géz oniinde
bulundurularak hesaplanmigtir. Tiim yayilim degerlendirmeleri ‘kiimiilatif toz emisyonu
kapsaminda’ Senaryo 2’ye gore yapilmistir. Senaryo kapsaminda kullanilan emisyon

kaynaklar Cizelge 2’ de verilmistir.

Arazi Modelinin Olusturulmasi

Emisyonlarin ¢evre arazilerde dagilimi incelenirken, topografyanin emisyon dagilimindaki
rolii biiylik bir 6neme sahiptir. Caligma alaninin topografya bilgileri, NASA’ya ait SRTM V2
(Shuttle Radar Topography Mission) verileri kullanilarak modelin 6n iglemcisi olan AERMAP

modiili ile ice aktarilmistir.

Meteorolojik Calisma

Model dahilinde 365 giinlik durum modellenmistir. Bunun igin her giline ait saatlik
meteorolojik verilerin temin edilmesi gerekmektedir. Ancak yillar bazinda hakim riizgar
yoniinde degisiklikler goriilebilmektedir. Bu sebeple, modellemede kullanilacak temsili bir
yilin belirlenmesi ve o yilin verilerinin kullanilmasi gerekmektedir.

Karaisali Meteoroloji Istasyonu’ndan alinan verilere goére 1965-2019 yillar1 arasi ortalama
nispi nem %59,6’dir. Yillik ortalama kar yagish giinler sayis1 0,42, yillik ortalama kar ortiilii
giinler sayis1 0,11, yillik ortalama sisli gilinler sayist 0,78, yillik toplam dolulu giinler sayist
2,54, yillik toplam kiragili giinler sayist 0,42 giin olarak dl¢tilmiistiir.

1965-2019 yillar1 aras1 yonlere gore yillik riizgarin esme sayilart toplami 1. derece hakim

rliizgar yonii SW (giineybati), 2. derece hakim riizgar yonii NE (kuzeydogu), 3. derece hakim
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riizgar yonii N (kuzey), 4. hakim riizgar yoni olarak da NW (kuzeybati) olarak olctilmiistiir
(Yildizeli 2021).
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Sekil 2. Calisma alani1 jeoloji haritas1 ve kesitleri (Yetis ve Demirkol, 1986’dan degistirilerek).
Figure 2. Geological map and cross sections of the study area (modified from Yetis and
Demirkol, 1986).
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Sekil 3. Kuvarsitlerin arazi goriiniimii

Figure 3. Field-photos of the quartzites

BULGULAR

Bu boélimde isletmede gergeklestirilecek faaliyetlerin emisyon kaynaklari, emisyon
miktarlarinin tespiti ve emisyonlarin ¢evre arazilerdeki yayilim dagiliminin modelleme
senaryolart incelenmistir. Emisyon miktarlar1 sonuglarina gére modelleme senaryolari
AERMOD programi tarafindan gerceklestirilmistir. Calisma alan1 Dogu-Bati dogrultusunda 4
km ve Kuzey-Giiney dogrultusunda 4 km mesafeyi kapsayacak bir bolgede belirlenmistir.

Buna gore toplam calisma alan1 16 km?*dir.

Modellemede Kullanilan Emisyon Kaynaklar1 ve Emisyon Miktarlar:

Karaisali bolgesinde bulunan 7 adet kuvarsit ocagindaki tiim faaliyetlerden kaynakli
hesaplanmis olasi toz emisyonlar1 Cizelge 3’de detayli gosterilmis olup, hesaplanan saatlik
kiitlesel debi (kg/saat) degerleri “Sanayi Kaynakli Hava Kirliliginin Kontrolii Yo6netmeligi”
Ek-2 Tablo 2.1°de verilen Normal isletme sartlarinda ve haftalik is gilinlerindeki isletme
saatleri icin verilen kiitlesel debi (Baca disindan) degerleri ile karsilastirildiginda insaat

faaliyetlerinden kaynaklanan saatlik kiitlesel debilerin yonetmelikte verilen sinir degerleri (1
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kg/saat) astig1 goriilmiistiir. Emisyon miktarlari, ¢aligmalarin kontrollii ve kontrolsiiz olarak

yapilma esasina gore hesaplanmastir.

Cizelge 1. Olusacak Toz Emisyonunun Hesaplanmasinda Kullanilan Emisyon Faktorleri
(SKHKKY, 2009).
Table 1. Emission Factors Used in Calculation of Emission to Be Occurred (SKHKKY, 2009).

Kaynaklar Kontrolsiiz Kontrollii Birim
Patlatma 0.080 -
S6kme 0,0250 0,0125
Yiikleme 0,010 0,005
Bosaltma 0,010 0,005 kg/ton
Birincil Kirici 0,2430 0,0243
Ikincil Kirict 0,5850 0,0585
Ucgiinciil Kirict 0,5850 0,0585
Nakhye:i‘s‘:;:;’m‘s toplam 0,70 0,35 kg/(km-arac)
Depolama 5,80 2,90 (kg-toz)/(ha-giin)

Sanayi Kaynakli Hava Kirliliginin Kontrolii Yonetmeliginde Ek-2 bashigi altinda bulunan
‘Mevcut ve yeni kurulacak tesislerin bacalarindan veya baca disindan atmosfere verilen
emisyonlarin saatlik kiitlesel debileri, mevcut tesisler icin bacalarda élgiilerek, baca disindan
atmosfere verilen emisyonlar ile yeni kurulacak tesisler icin emisyon faktorleri kullanilarak
tespit edilir. Saatlik kiitlesel debi (kg/saat) degerleri verilen degerleri asmast halinde, tesis
etki alaminda emisyonlarin Hava Kirlenmesi Katki Degeri (HKKD) miimkiinse saatlik, aksi
takdirde, giinliik, aylik ve yillik olarak hesaplanir.” ibaresine goére toz emisyonlarinin HKKD

degerinin hesaplanmamasi i¢cin Hava Kalitesi Dagilim Model ¢alismalar1 gergeklestirilmistir.

Modelleme Senaryolari
Modelleme calismasi sonucunda olusabilecek hava kirliliginin farkli durumlar altinda 2
senaryo incelemesi yapilmistir. Senaryo 2 tiim faaliyetleri kapsadigr i¢in degerlendirilmeler

Senaryo 2 sonucuna gore yorumlanmastir.
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Cizelge 2. Modelleme Calismalart Kapsaminda Kullanilan Senaryolarda Yer Alan Emisyon
Kaynaklar1 (Yildizeli 2021).

Table 2. Emission Sources Included in the Scenarios Used in the Scope of Modeling Studies
(Yildizeli 2021).

Arazi
Agik Ocak Kirma-Eleme Stabilize Diger
Senaryo  Hazirhik , Depolama . Patlatma .
Isletmeciligi Tesisi Yollar Tesisler
Asamasi
1 X X X X
2 X X X X X X X

Sonu¢ olarak aciga ¢ikacak toz emisyonlarinin 1 yillik siirede tamaminin ayni anda
gerceklestirilecegi goz Oniinde bulundurularak; en yakin yerlesimlerde ve hassas alanlarda
giinlik PM10 smir degeri olan 50 pg/m® degerini asma s6z konusu olmamis ancak calisma
alani icerisinde 2 noktada (caligma yapilan toz kaynagi merkez noktasinda) giinlik PM10 sinir
degeri olan 50 ug/m3 degerini asma gerceklesmistir (Cizelge 4).

Senaryo 2 (Kiimiilatif)-Yillik Partikiiler Madde (PM10) Dagilimi1 (UVD) a gore; ¢alisma alani
icerisinde (¢aligma yapilan toz kaynagi merkez noktasinda), en yakin yerlesimlerde ve hassas
alanlarda yillik PM10 sinir degeri olan 40 pg/m® degerini asma séz konusu olmamaktadir.
Senaryo 2 (Kiimiilatif)-Aylik Coken Toz Dagilimi (KVD)’na gore; ¢aligma alani igerisinde
(calisma yapilan toz kaynagi merkez noktasinda), en yakin yerlesimlerde ve hassas alanlarda
aylik ¢oken smnir degeri olan 390 mg/(m?-giin) degerini asma s6z konusu olmamaktadir.
Senaryo 2 (Kiimilatif)-Yillik Coken Toz Dagilimi (UVD)’na gore; alisma alani igerisinde
(calisma yapilan toz kaynagi merkez noktasinda), en yakin yerlesimlerde ve hassas alanlarda

yillik ¢oken sinir degeri olan 210 mg/ (mz-gﬁn) degerini agma s6z konusu olmamaktadir.

SONUCLAR ve TARTISMA

Bu c¢alisma ile, Adana ili Karaisal1 ilgesinde bulunan 7 adet kuvarsit hammadde ruhsatli alanda
gerceklestirilen madencilik faaliyetleri sirasinda olusabilecek toz emisyonlarinin hava
kirliligine etkisi incelenmistir. Isletmede iiretim boyunca iiretim, yiikleme, stok sahasina
tasima, stok sahasina bosaltma, stok sahasinda depolama, stok sahasindan kamyonlara
ylikleme, kirma-eleme tesisine tasima ve bunkere bosaltma sirasinda olusacak emisyon

kaynaklar1 belirlenmis ve miktarlart hesaplanmigtir. Sanayi Kaynakli Hava Kirliliginin
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Kontrolii Yonetmeligi’'nde bulunan normal isletme sartlarinda ve haftalik is giinlerindeki
isletme saatleri i¢in verilen kiitlesel debi (Baca disindan) degerleri ile karsilagtirildiginda
insaat faaliyetlerinden kaynaklanan saatlik kiitlesel debilerin yonetmelikte verilen sinir
degerleri (1 kg/saat) astig1 goriilmiistiir (Cizelge 3). Bu durumda yapilan hava kalitesi model
caligmalar1 sonucuna gore; Senaryo 2 faaliyetlerinden kaynakli PM10 ve ¢oken toz emisyonu
degerlerine gore; Calisma Alani Igerisil’ de 8 kez Calisma Alani Igerisi 2° de 1 kez 50 ug /m?®
deger asilmistir. Sanayi Kaynakli Hava Kirliliginin Kontrolii Yonetmeligi® ne gore 50
mikrogram/metrekiip sinir degeri bir yilda en fazla 35 kez asilabilir. Calismada bu deger 9 kez

astlmistir. Yani yonetmelikteki deger (35 kez) asilmamustir.

Cizelge 3. Ocaklarin faaliyeti sirasinda olusan ait Emisyon Kaynaklari, Emisyon Miktarlari
ve AERMOD model girdileri
Table 3. Emission Sources, Emission Quantities and AERMOD model inputs generated during

the operation of the quarries

Eontrolsiz | Kontrollii
Toz Olusum Kaynaklar: | Ne islem (:i;:::ln]c};z O[l;;;ll:n'f':z Birimi
Miktan Miktar
B T.C. Cevre ve Sehircilik Bakanlhigi, CED Izin ve Denetim Genel Mudtrligt'nden 04.12.2014 Karar Tarihli ye
Kuma-Eleme 318 Karar Nolu CED Olumlu Belgesi bulunan mevcut IR:58130 Rubsat Nolu Kuvarsit, Krom, Demif,
Tesisi ve Kurutma Uniresi| 1 | Balar ve Kursun Ocag, Kuma-Eleme Tesisi Kapasite Arornm ve Kurutma Unitesi projesine istinader] - 780505 kg/sa
hazirlanan Nihai CED Raporundan alman bilgilere gére patlatma faaliveti ile meveut 2 nolu kuvarsit ocag
digindaki Ocak ve diger tesis-tnitelerde gerceklestirilecek faalivetler
4,70233 - kg/sa
Patlatma 2 | Patlatma 061443 - grisn
3 | Bitkisel Topragm Sékiilmesi 0.0284375 | 0.0142187
Bitkisel 4 | Bitkisel Topragn Lodere Yiiklenmesi 0011375 0005687
Tonrak 5 | Bitkisel Topragin Stok Sahasina Nakliyesi 0.0875 00437 -
OPrak ™5 Bitkisel Topragum Stok Sahasina Bogaliimas: 0.01137 0.00568 gisa
7 | Stok Sahasmnda Bitkisel Topragm Depolanmasi 02320242 01160121
Kapasite Tuplnu_] (Bitkisel Toprak) 0,3707117 | 0,1853558
Artist JAak 8 | Kuvarsitin Kullanmim Yerlerine Naklivesi Igin Kamyona Yiklenmesi 1.0 0.5
Planlanan Lletme . . L s . - -
Kuvarsit %_lnﬁenl 9 | Kuvarsitin Kullanim Yerlerine Nakliyesi I¢in Nakliyesi 3.50 1.75 kg/sa
- retimi
Ocagn Toplam (Maden Cretimi) 150 225
10 | Pasanm Stok Sahasma Nakliyesi Igm Kamyona Yiiklenmesi 0,010 0,005
Pasa 11 | Pasanim Stok Sahasma Naklivesi Igin Naklivesi 004375 0.02187
12 | Pasanm Stok Sahasima Bogaltilmas: 0.010 0.005 kg/sa
13 | Pasa Stok Sahasmda Pasamn Depolanmasi 0.464 0,232
Toplam (Pasa) 0.52775 0,26387
Stabilize Yol [ 14 [Naklive 8.4 42 ke/sa
AERMOD Model Girdileri
vnak N N . N 3 -
K.li‘i‘l“]lillr:ll;}:ll'l Kaynak Kisaltma Aqklamalan Islem No R'&!ﬁ?:;;?;b] Kut(];?f:n];ebl Alan (m?) “G%:l]:i(é:;:][‘;;]n\;]t)km
Meveut Kuvarsit, Krom, Demir. Bakir ve Kursun
MEKKDBEKETKUR®* | Ocagi. Kirma-Fleme Tesisi Kapasite Arfirmm ve 1 789,505 219310 48701 0.0045032
Kurutma Unitesi
PAT® Patlatma 2 4.79253 479.25300 780 0.61443
Bitkisel Topragmn Sryrilmasi
BTSAH' ve 344546 0.0694 00193 46800 0.0000004124
Arazinin Hazirlanmasi
BTDA’ Bitkisel Toprak Depolama Alam 7 0.11601 0.03223 9601 0.0000034
OCK’ Acik Ocak Alam 8+0+10+11+12 2281875 0.633854 46800 0.0000135
PsDA’ Pasa Depolama Alam 13 0.2320 0.0644 19200 0.0000033542
1 km (gidis-danis)
NAK Nakliye 14 420 117 (yol genigligi 5 m toplam 0.0002334
ol alant 1000x5=5000 m*)

*Yillik ¢aligma alam girilmistir. Model verisi olarak girilen yilhik ¢alisma alanlan: Vaziyet planinda koordinatlan ile birlikte detayli olarak verilen alanlarm (ocak alam. bitkisel
toprak stok alam. pasa stok alam vs. gibi) proje émriine bélimmest ile elde edilen alanlardir.
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Cizelge 4. Senaryo 2 faaliyetlerinden kaynakli PM10 ve Coken toz emisyonu degerleri (KVD:
Kisa vadeli deger, UVD: Uzun vadeli deger).

Table 4. PM10 and Settling dust emission values from Scenario 2 activities (KVD: Short-term

value, UVD: Long-term value).

KUMULATIF (SENARYO 2)
VER PML0 COKEN TOZ
KVD Bir Yl fcinde VD KVD D
GINLIK Agilan Giin Sayist | VILLIK AVLIK YTLLIE
w-ségﬁsg}ggggggzl 730] 0043881 8 2067098 L1357 0
Galigma Alans Igerisi 2 54,6272 1 34676 85768 0
[Y:6830354.670; X:4130035.990] ’ :
Cukur Mahallesi, Karshamzaugagi Mevkiinde Bulunan _
Asma Sz K
En Yakin Konut 1.36204 5’”[);3 dif”“su 002737 0,07080 0
[Y:684188 160; X-4139314.210] g
Cevlik Mahallesine Bagh En Yakin Konut Asgma 56z Konusu -
[Y:683111.040; X-4138256 430] 13.84150 Desildir 0.50626 0.09607 0
Cukur Mahallesi, Ayvacik Mevkiinde Bulunan | N
Fn Yakin Konut 0.02823 Asm“;‘fif‘m“s“ 0.00064 0,01288 0,00585
[Y-686421.490; X:4139937.600] ceron
Cevlik Mahallesine Bagli, Kizildag Yaylasmda Bulunan Asma S67 Konusu
En Yakin Kenut 011528 ¥ Desildi 0.00047 0,01323 0,00344
[Y:681774.100; X:4142130.910] ceron
Cevlik Yaylasinda Bulunan En Yakin Konut Asma S6z Konusu .
[Y:681192.500; X:4140490.240] 0.10277 Degildir 0.00221 0.03855 o012z
SKHEK YONETMELIGE 24 saatlik . o -
EE-2; Tablo 2.2 Tesis Etki Alaninda (bir yilda 35 defadan fazla asithnaz)y 4; IE]FL s | 300 mf(:]s-o-ijn) y L? S .
Hava Kalitesi Sinwr Degerleri 50 ng/m? nem ek 210 mgi(m,-gfin)

Bu durumda,

Calisma yapilan toz kaynagi merkez noktasinda meydana gelecek toz olusumunu azaltmak
amaciyla savurma yapilmadan doldurma, bosaltma, yiikleme esnasinda ocak i¢i yollar
sulanmali, yaz aylarinda sulama sayist arttirilmalidir.

Kirma tesisinde bantlarla tasima sirasinda bantlarin {istii kapatilmali veya piilverize sulama
yapilmalidir.

Nakliye sirasinda kullanilan yolun kenarinda bulunan tarim arazilerine hasar
verilmemelidir.

Kamyonlar {izeri acik sevk edilmemeli, kamyonlarin iizeri branda ile ortiilmeli ya da cevher
nemlendirilmeli, tesis i¢i yollar toprak olmamalidir.

Calisma alan1 yakin ¢evresinde yerlesim yerleri bulundugundan faaliyet esnasinda olusacak

tas firlamasi, toz emisyonu vb. c¢evresel etkilerin insanlarin beden ve ruh sagligi tizerinde
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olumsuz etkilememesi, can ve mal kaybina neden olmamasi igin tatil glinlerinde ve giindiiz
zaman dilimleri disinda patlatma yapilmamalidir.
e 03.07.2009 tarih ve 27277 sayili Resmi Gazetede yayimlanarak yiiriirliige giren “Sanayi

Kaynakli Hava Kirliliginin Kontrolii Yonetmeligi” hiikiimlerine uyulmalidir.
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ABSTRACT

Herein, it was aimed at determining the best leaching agent for extracting uranium (U) and
rare earth elements (REEs) from a low-grade phosphate ore. Before leaching tests, the
beneficiation of U and REEs contents in the raw ore were investigated by using the Falcon
concentrator. The U content in the preconcentrated ore increased to 1629.66 ppm from 392
ppm with a recovery of 92% and the amount of REEs was found to be 747.20 ppm. These
values suggested that the preconcentrated ore can be used as REEs source due to its content. It
was then dissolved in different acid mediums at a temperature of 40 °C for 2 hours to evaluate
the effect of HCIO4, CH3COOH, H3PO,4, HCI, and HNO3 on the extraction of U and REEs.
Among all leaching agents, the use of H3PO, as the leaching agent suggested more promising
results compared to others at the fixed experimental conditions. The influences of leaching
temperature and acid concentration were also studied and the optimal experimental conditions
to dissolve all of U and REEs from the ore are as follows: H3PO, concentration of 4 M,
temperature of 50 °C, time of 4 hours.
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INTRODUCTION

Phosphate rock is listed as one of the most strategic raw materials depending on its supply risk
versus economic importance (Commission 2017). It contains a considerable amount of
uranium (U, 0.005 — 0.02%) together with rare earth elements (REEs, 0.05%) (Paschalidou
and Pashalidis 2019). It is known that U recovery from a sedimentary phosphate rock was
conducted on an industrial scale until the late 1990s. Since then, it has not been preferred to be
used as U sources due to the decrease in the price of U (Steiner et al. 2020). Nowadays, the
demand for U causes an increase in its price and it is expected that this demand will tend to
grow in the near future. Furthermore, the recovery of U from phosphate ores is not only for

economic reasons but also for the protection of human health (Haneklaus et al. 2017).
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Figure 1. The particle size distribution of the sample prepared for use in the Falcon
concentrator
Sekil 1. Falcon konsantratorii i¢in hazirlanan numunenin tane boyut dagilimi

Many studies have been conducted to evaluate the potential of phosphate rocks in terms of
their U content and import\export amounts (Lopez et al. 2019, Tulsidas et al. 2019). The
amount of U contained in phosphate rocks imported into the EU from different countries has
been estimated and it can be concluded that a maximum of 334 t U can be recovered
theoretically from those of resources if any beneficiation process is carried out since 2017.

According to the study of Lopez et al. (Lopez et al. 2019), domestic phosphate reserves in
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Argentina have big potential due to their high U content (39 — 135 mg/kg) and their recovery
may be economically feasible. Ulrich et al. (2014) suggested phosphate rock as an
unconventional U source to provide a long-term U supply safely. These make it an important
alternative and lead to an increase in the number of studies focusing on the evaluation of
phosphate ores as an unconventional uranium source. For example; the extraction of U from a
low-grade uranium ore prepared in different particle sizes was investigated by using bacteria-
assisted leaching for 150 days. A decrease in the particle size led to an increase in the
extraction recovery of U. This bioleaching process was explained by a diffusion-controlled
kinetic model (Wang et al. 2019). Furthermore, Singh et al. (2016) reviewed numerous
studies focusing on the recovery of U from phosphoric acid by using the solvent extraction
process including different stages. A number of studies have been carried out on the recovery
of REEs from phosphate rock and phosphogypsum (Shlewit 2010;Z.H. ismail et al. 2015;
Hammas-Nasri, et al. 2016; EIl-Mottaleb et al. 2016; Liang, et al. 2017; Lambert et al. 2018;
Amine et al. 2019). Different leaching agents such as H,SO4 ( Z.H. Ismail, et al. 2015;
Hammas-Nasri et al. 2016; Liang et al. 2017; Battsengel et al. 2018), HCI (Shlewit 2010;
Ismail et al. 2015; El-Mottaleb et al. 2016; Stone et al. 2016; Lambert; et al. 2018; Amine et
al. 2019; Nie et al. 2019), HNO; (Bandara et al. 2016), H3PO4 (Soltani et al. 2019; Wu et al.
2019), NaCl treatment followed by Na,CO3s(Hammas-Nasri et al. 2019), and HCIO, (Stone et
al. 2016) were used for the recovery of U and REEs. When HNO3; was used as a leaching
agent for the extraction of REES, better results were obtained compared with the use of H,SO,4
or HCI as a leaching agent in the leaching test (Ismail et al. 2015). Similar results were
observed in those of a previous study (Walawalkar et al. 2016).

Some pretreatment methods including mechanical grinding, ultrasonic impact, and resin-in-
pulp were carried out to increase the extraction rate of REEs from the aforementioned sources
and its rate increased to higher than 70% from 15% (Rychkov et al. 2018). Moreover,
microwave pretreatment had a strong effect on the extraction rate and resulted in an increase
in the leaching efficiency of REEs from phosphogypsum in HCI media by as much as 20%
(Lambert et al. 2018). In another work, the REE content in the phosphate rock increased to
866.31 ppm from 161.82 ppm with a recovery of 55% via a gravitational separation method
before the leaching test (Liang et al. 2018) and this makes the extraction of REEs from

phosphate ores more profitable.
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The purpose of this study was to investigate the extraction behavior of U together with REES
from a low-grade phosphate rock in the presence of different acids, individually. Before the
leaching test, the U and REEs contents in the ore sample were upgraded by using the Falcon
concentrator. The effects of acid concentration and temperature on the leaching test were also
studied.

EXPERIMENTAL PROCEDURE
Materials

A 100 kg of the raw ore was collected from an east region of Turkey. The major
content of the sample was determined by XRF (X-ray Fluorescence, MiniPal 4 Panalytical)
and the detailed chemical analysis of the ore was carried out using ICP-MS (Inductively
Coupled Plasma-Mass Spectrometer, Perkin EImer NEXION 2000 P) after conducting HCI +
HF + HNO3 digestion followed by boric acid neutralization methods in a microwave digester
(CEM, Mars 6) (Table 1). The X-ray diffraction (XRD) pattern of the sample obtained using a
Rigaku Miniflex Il diffractometer shows that the raw ore was mainly composed of calcite,
quartz, and hydroxyapatite minerals. The loss on ignition (LOI) value of the raw ore
determined using thermogravimetric analysis (TGA, Mettler Toledo TGA 3+]) was found to
be 20.23%, which is in good agreement with the high temperature-sensitive mineral contents
found in the XRD analysis. All chemicals (HCI, HsPO,4, CH3COOH, HCIO,4, and HNO3) used
in this study were of analytical grade and used without purification.

Table 1. The chemical composition of the sample used in this study
Cizelge. 1 Bu ¢alismada kullanilan 6rnegin kimyasal igerigi

Chemical Composition (%)
CaO SO3 SiO, CuO MgO P,0s Fe,O3 LOI
58.24 1.32 11.80 0.03 0.05 8.01 0.62 20.23
Uranium and Rare Earth Elements (REES, ppm)

Gd Ce La Y U Dy Er Eu
9.65 35.01 51.20 120 392 4.01 4.1 0.62
Lu Nd Pr Gd Ho Sc Sm Th
0.15 11.33 2.68 9.65 0.25 12 2.15 0.54
m Yb Pm Total REEs Total (U+REES)
0.43 1.19 U.D 255.31 647.31
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Method
Pre-concentration of a phosphate ore

The ore samples were crushed using a jaw crusher and ground in a ball mill to obtain
samples with a particle size (dioo) of 60 um prior to enhanced-gravity separation tests. The
representative sample from the ground ore was prepared by coning and quartering for each test
and stored for use. The particle size distribution of the sample determined by Malvern
Mastersizer 300U is seen in Figure 1. It is clear that the raw sample had a uniform particle size
with Gaussian distribution ranging from 10 to 60 um.

The pre-concentration of the raw sample was carried out using the Falcon L40
laboratory model concentrator (Sepro Mineral Systems, Canada), which is widely used for
many purposes such as beneficiation of REEs (Filippov et al. 2016), nickel (Farrokhpay et al.
2019), copper (Kademli and Aydogan 2019), and tungsten ores (Foucaud et al. 2019). The
working principle of the concentrator explained in detail by Farrokhpay et al (2019). The
experimental conditions conducted in this study are listed in Table 2.

Table 2. Experimental conditions for the Falcon concentrator
Cizelge 2. Falcon konsantratorii igin deney sartlari

Experiment No Rotary speed Pressure (psi)
Hz G
El 35 60 2
E2 35 60 3
E3 40 78 2
E4 40 78 3
E5 50 123 2
E6 50 123 3

The slurry prepared with the mixing of 100 g ore and 2000 mL water was pumped into the
Falcon concentrator via the pump at a flow rate of 0.5 L/min. After each test, light materials
discarded from the bowl were identified as tailings, whereas heavy materials present in the
equipment were pre-concentrate. Each product was dried, weighed, and dissolved in the Mars
6 microwave digester to determine the amount of U and REESs in the pre-concentrate by ICP-

MS. The pre-concentration recoveries of these elements were calculated as follows:

CXc
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Where PR is the pre-concentration recovery (%), C is the weight of the pre-concentrate (%), ¢
is the U or REEs contents in the pre-concentrate (ppm), F is the weight of the feed material
(%), fis the U or REEs contents in the feed material (ppm).

Approximately 2000 g of the pre-concentrate sample was prepared at the optimal

experimental conditions for use in a subsequent test.

Leaching of a pre-concentrate ore with different acids

The pre-concentrate ore obtained by the Falcon concentrator was leached using
different acids at the fixed experimental conditions that were as follows: 300 rpm stirring
speed, 2 M acid concentration, 40 °C temperature, 1:6 solid-to-liquid ratio, and 2 h reaction
time. The leaching tests were performed in a 250 mL glass reactor equipped with not only
temperature-controlled circulating water to stabilize the solution temperature but also a glass
condenser to prevent evaporation. The slurry was stirred at 250 rpm by a magnetic stirrer. A
required amount of sample was added into the reactor to provide the desired solid-to-liquid
ratio of 1:6 when the solution temperature increased to 40 °C. The volume of the solution was

kept as 150 mL.
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Figure 2. The distribution of U together with Ce, Gd, La, and Y in the pre-concentrated ore
Sekil 2. On konsantre icinde U ile birlikte Ce, Gd, La ve Y dagilimlar

Different acids (HCI, H3PO,4, HNO3, CH3COOH, and HCIO,4) were used to determine their
effect on the extraction of U and REEs under the fixed leaching conditions. When the
predetermined time was over, the reaction was completed. The leach residues were filtered

through a Whatman 1 filter paper and washed four times with hot pure (distilled) water. The
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solution obtained after each leaching test was diluted 100 times to analyze in ICP-MS. A blank
solution was prepared to prevent possible experimental errors due to the possibility of U
present in Hz3PO,4 (Singh et al. 2016). The U and REEs extractions based on the analysis of
leaching solutions were calculated by using the following equation.
ER (%) = = X 100 )
Where ER is the extraction rate of U or REEs (%), A is the concentration of U or REEs in the
leachate solution (ppm), B is the initial concentration of U or REEs in the pre-concentrate
(ppm).

Considering all experimental results, the best leaching agent was selected and used in

the following tests.
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Figure 3. The recovery of U and REEs with mass changes in the pre-concentrated ore

Sekil 3. Agirlik degigimi ile birlikte on konsantredeki U ve REEs kazanimi

Leaching of a pre-concentrate ore with H3PO,4

Among all leaching agents, H3PO, was found to be the best leaching agent for this
study. A series of leaching experiments were performed in the presence of different HsPO,
acid concentrations in a range of 1 — 4 M and the other parameters were kept constant as
aforementioned. To demonstrate the effect of reaction temperature on the extraction behavior
of U and REEs, three leaching tests were performed at a temperature of 20, 40, and 50 °C

under the best experimental conditions, which were determined before. After each test, the
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residue was filtered, dried, and dissolved using the same procedures and the extraction rates of
U and REEs were calculated.
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Figure 4. (a) The amount of dissolved major compounds from the preconcentrated ore and
their weight losses (%) (b) The major chemical composition of the residues obtained after the
leaching test (other parameters: 300 rpm stirring speed, 2 M acid concentration, 40 °C
temperature, 1:6 solid-to-liquid ratio, and 2 h reaction time)

Sekil 4. (a) On konsantreden ¢éziinen major element miktari ve agirlik kaybi degerleri (b) li¢
islemi sonrasinda geriye kalan kalintinin major element icerigi (diger parametreler: 300
dev/dk karistirma hizi, 2 M asit konsantrasyonu, 40 °C sicaklik, 1:6 kati-sivi orant ve 2 saat
reaksiyon stiresi)

RESULTS AND DISCUSSION

Pre-concentration test results using the Falcon concentrator
The effect of Falcon concentrator’s working condition on the separation efficiency of
U and REEs from a low-grade phosphate ore was investigated. Figure 2 shows U and REES

distributions of heavy materials obtained after applying the Falcon test.
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Figure 5. The dissolution recovery of U together with Ce, Gd, La, and Y from the
preconcentrate using different acids (other parameters: 300 rpm stirring speed, 2 M acid
concentration, 40 °C temperature, 1:6 solid-to-liquid ratio, and 2 h reaction time)

Extraction (%)

Sekil 5. On konsantreden farkh asitler kullanilarak U ile birlikte Ce, Gd, La ve Y
elementlerinin ¢oziinme verimleri (diger parametreler: 300 dev/dk karistirma hizi, 2 M asit
konsantrasyonu, 40 °C sicaklik, 1:6 kati-sivi orani ve 2 saat reaksiyon siiresi)

The obtained results suggest that REEs grade in the pre-concentrate ore increase
linearly with increasing rotary speed and water pressure. The U grade in the pre-concentrate
increased to a value higher than 1000 ppm in each Falcon test but its recovery (<20%) by
conducting experiment E1 was much lower compared to the obtained recoveries of U, which
belong to experiments E5 (78.18%) and E6 (92.76%) (Figure 3). To obtain U in the
preconcentrate with a recovery of higher than 50%, the rotary speed should be 50 Hz, which
corresponds to 123 G. The concentrate mass increased with increasing rotary speed that
creates centrifugal and hydrodynamic forces, which play a key role in separating heavy

materials from light ones in the raw ore.
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Figure 6. Effects of H3PO,4 concentrations on the extraction recovery of U together with Ce,
Gd, La, and Y from the preconcentrate (300 rpm stirring speed, 40 °C temperature, 1:6 solid-
to-liquid ratio, and 2 h reaction time)

Sekil 6. On konsantreden U ile birlikte Ce, Gd, La ve Y nin ¢oziinmesine H3PO4 asit
konsantrasyonun etkisi (diger parametreler: 300 dev/dk karistirma hizi, 2 M asit
konsantrasyonu, 40 °C sicaklik, 1:6 kati-sivi orani ve 2 saat reaksiyon siiresi)

The maximum concentrate mass was about 25 g when 100 g of the sample was fed into
the concentrator under the condition of experiment E5. However, increasing water pressure
from 2 psi to 3 psi at the same rotary speed led to a decrease in the concentrate mass, which
was about 20 g (experiment E6). This could be explained by escaping light materials from the
bowl due to the buoyancy of water. This is in line with those of a previous study (Aydogan
and Kademli 2019). As such, the U content in the pre-concentrate could be upgraded up to
1693.64 ppm with a recovery of 92.76% at the following conditions: water pressure of 3 psi
and rotary speed of 50 Hz, which were determined as optimal parameters for this study.
Additionally, the REEs showed similar behaviors in the beneficiation test, but their recoveries
were lower compared to those of U recoveries. At the condition of experiment E6, the highest
recoveries were found to be 75.14% for Ce, %72.53 for Gd, %53.56 for La, and %69.99 for Y.

When the raw ore was fed into the concentrator at the condition of experiment E6, the
total amount of REEs in the preconcentrated ore increased from 255.30 ppm to 747.20 ppm,
corresponding to 117.91 ppm Ce, 31.31 ppm Gd, 122.91 ppm La, 376.42 ppm Y and 90.92
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ppm others. These values make the pre-concentrated ore being evaluated as REEs source.
Researchers indicate that there are different REEs groups (critical [Nd, Eu, Tb, Dy, Y, and Er],
uncritical [La, Pr, Sm, and Gd], and excessive [Ce, Ho, Tm, Yb, and Lu]) used to evaluate
REEs quality.

Table 3. Evaluation of the pre-concentrate obtained in this study
Cizelge 3. Bu ¢alismada elde edilen on konsantrenin degerlendirilmesi

Experim CEP
ent No Critical Uncritical Excessive C/E (C/
(Nd, Eu, Tb, Dy, Y | (La, Pr,Sm,and | (Ce, Ho, Tm, Yb, |(Critical/Exce | C+U+
and Er) Gd) and Lu) ssive) E)
EO 140.60 60.76 36.60 3.84 0.59
El 391.32 123.71 93.02 4.21 0.64
E2 236.80 106.20 81.45 2.91 0.56
E3 324.07 151.76 103.33 3.14 0.56
E4 325.68 122.72 89.14 3.65 0.61
E5 330.85 116.29 93.46 3.54 0.61
E6 432.59 170.31 122.06 3.54 0.60

The ratio of critical elements and outlook coefficients (critical/excessive ratio, C/E) are
important parameters and should be greater than 0.3 and 0.7, respectively (Seredin and Dai
2012). These values are important parameters for determining the potential of material as
REEs source. Based on this approach, we evaluated the REEs distribution in the pre-
concentrate ore and obtained results were summarized in Table 3. The C/E ratios calculated in
this study were in a range of 2.91 — 4.21, indicating that the pre-concentrate ore has a potential
to be used as REEs source.

Leaching Experiments

Effect of acid types on the extraction of U and REEs

The preconcentrated ore was leached in different acid mediums at a temperature of 40 °C for 2
h to evaluate the effect of acid types on the extraction of U and REEs. The other parameters
were kept constant as follows: 300 rpm stirring speed and 1:6 solid-to-liquid ratio. The major
oxides of the leachate residue determined by XRF were listed in Figure 4.
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Figure 7. Dissolution of U from the preconcentrate in the presence of HsPO, at different
temperatures

Sekil 7. H3PO4 varliginda farkly sicakliliklarda on konsantreden U ¢oziinmesi

The weight loss after leaching tests indicated that more than 50% of the ore was
dissolved, except for the ore leached with H3PO, and CH3COOH acid. The carbonate content
in the preconcentrated ore released during the leaching tests, as shown in Figure 4b. The effect
of acid types on the amount of dissolved P,0Os was in descending order as HNO3 > HCIO, >
HCI > CH3COOH > H3PO..

To evaluate the extraction behavior of REEs, the following elements Ce, Gd, La, and Y
were selected due to their high content in the preconcentrated ore. Figure 5 shows the
extraction recoveries of U together with Ce, Gd, La, and Y in the presence of different acids. It
is clear that the recovery of these elements was lower than 25%. Except for La that dissolved
with the highest recovery (20.5%), the extraction recoveries of Ce, Gd, and Y was below 5%.
The recovery value for U was in a range of 0 — 18%. The maximum U extraction was achieved
by using HCIO, acid as the leaching medium. However, the experimental findings for the U
were lower compared to a previous study (Canovas et al. 2019), in which U with a recovery of
21% can be obtained from phosphogypsum in the presence of HNO3 (3M). In addition, only
%10 U was recovered by using H,SO, (0.5 M) in the same study. These indicate the

importance of acid types used in the leaching test. In this study, the effect of acid types on the
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extraction of U was ordered as follows (from highest to lowest): HCIO4 > CH3;COOH >
H3;PO,4 > HCI > HNOs.
Considering all experimental findings given in Figure 4 and Figure 5, H3PO, was

selected as the best leaching agent at the fixed experimental conditions.

Effects of H3PO,4 concentration and temperature on the extraction of U and REEs

The leaching experiments were performed in a range of 1 — 4 M H3PQO, concentrations
at the following fixed conditions: 300 rpm stirring speed, 40 °C temperature, 1:6 solid-to-
liquid ratio, and 2 hours reaction time. Figure 6 shows the effect of acid concentration on the
dissolution yields of U and REEs. It is obvious that the recoveries increased linearly with the
increase of acid concentration. More than 60% of REEs dissolved, when 4 M H3;PO,4 was used
but U was barely extracted from the preconcentrated ore (<25%). It was understood from
experimental findings that elements were ordered as follows Y > Gd > La > Ce > U based on
their dissolution yield.

Additional leaching experiments were performed at a temperature of 50 °C and 60 °C
for different durations. The extraction recovery of U increased in extended times (Fig 7). The
temperature increased from 50°C to 60°C enhanced both the rate and degree of U recovery.
The required time to dissolve all of U ions decreased within the increase of reaction

temperature.

CONCLUSION

The aim of this study was to evaluate the potential of a low-grade phosphate ore in
terms of its U and REEs content and to recover the U and REEs from the ore by conducting
the Falcon concentrator followed by acid leaching method. The effect of Falcon concentrator’s
working conditions was investigated. It was determined that the U content in the
preconcentrated ore increased to 1629.66 ppm from 392 ppm with a recovery of 92% and the
amount of REEs was found to be 747.20 ppm. A series of leaching experiments were carried
out at the fixed leaching conditions to determine the effect of acid types on the extraction
recovery of U and REEs from the preconcentrated ore. Experimental findings indicated that
acids were ordered as follows (from highest to lowest) : HCIO, > CH3COOH > H3PO, >HClI,

and HNOg, according to the extraction recovery of U, while the order of acids considering the
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extraction REEs+U was H3PO, > HCIO, > CH3COOH > HCI > HNO3; Among all acids,
HsPO, was selected as the best leaching agent. The effect of acid concentration and
temperature in the presence of H3PO, was investigated and REEs leached with high
recoveries, but the extraction recovery of U was quite lower than that of those REEs. Thus, the
temperature had to be increased to at least 50 °C for 4 hours in order to extract 100% of U.
The residue obtained after leaching can be further used in fertilizer applications due to its high

P content.
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