ARD-¥ 6155 - 6370 m

ORNEK 17507

El Mumunesinin dzeliker]

Renk: Agk suthd kahwerengimsidir {Sekil 4]

Croku: MWikritik famurdan {m} olugreds kayacn bir kiswi oakra kataklastiktic (mk]. Katakbasth [(mk}
kisimda, mikeltik clekuly kismin birkag mm karelik parcalan daba aclk renkli mikeitik bir Cimanto e
tutturulnustur [Sekil 45

Dare Boyutu: [nee

Kayacn tim blleyanleri %107 uk sepreltiimly HE) asitte kipiinar,

Citt

= T
| ey

ST B4 OETAAT
Fekil 4. 17507 norlu svnekte garilan mikritik (o ve mikeo kataklastik {mk] doky

Kavag bIr kismi ver yer hiyoklast igeren mikeitk camardan olusaustut [Sekil Sa, b ve o). Kayagta mikro-
kataklastik doku pisteren bagks bir kisrm daha belunmaktadir (Sekil S5c ve d). Kataklastlk kisim, mikritik
dokulu kamin bitkag on pm'den birkag mm'ye kogall sekilde pargalanmas ve daha agk renkli yer yer
sparhik yer yor mikeitik bir (imanto ile tutturutmasindan olugmaktade. Ham mikritik dekuyly kems hem
da mlkre-kataklastik dokuda ver alan mikrltik pargaciklan kesen kalsit dolpu u dansara klar mevoattur.

Bllaganber
¥ayacin ana gévdesi mikritik {m) boyuttaki camur ve itindek| blyoklustlardan olusar ($Sakl] 5a, b ys e},

Blyoklastlar |b), boyutfan birkag mm'ye varan yovadafirms kavk (7] parcalanindan elwgur {5ekil 11 vea c).
Bolluklan yer yet ylide 10" a varr.

ERstraklast {l, Boyutlar ver yer hirkag yiz pm'ye ulasan, kogell parialar seklindedic [Sakil 11 a ve d).
Bolluklar yizde 3-8 civaradadir,

Kalsit kristalter|, kilval damarar boyunca birkag fankl fazda clusew shardir (Sekil 11a ve bl.
kayag Adv. Yer yer kataklaste doku gosteren biyomikriti kiregtags

Omefin Alizanin ks lle boyantras sanucunda %08 den [ dacmn Bovandigl tesplt edilmistir.

e



#ekil 5. 17507 nolu drnefine 4t Inca kesit fotograflan. Blyoklast [bio?] igeren mikriik (m) dokunun (4 ve
b], mikeo kataklastik dokunun [mk) gévindmler [cye d)

-



ADD-2 B8.70 - 88,85 m

ORNEK NO: 17508

E) Mumunesinft Szellideri

Renk: Beyetimss-krem renkl| dramgin dan kisim|an krrmmazims: olarak garilir (5ekil B).

Daku: Xayag tamamen tnlkeitic camardan tibaren olusmugfur (Sekil §). Kayaq birkirine paralel ye bu
paralel catlaklan dike yakin rastgels kesen ve kalinliklan ver yer mm'ye varan kalsit dsmarlar tarafndan
kesilnstle [Sekil 6).

Cane Boveutu: Ince

Kayag 3107 luk seyraltints HC| asitte kBpurir,

— r———

TS

sekil & 17508 nolu drnek
MIKROSKOBIK BZELLIKLER

Dokw: Mikritik boyutlardaki kzlsit kristallstitden olugan matriks icerisinde  boyutlan birkag L pR waran
atak renkli biyoklastlar (7} bufumur [Sckil 7a, B). Krlcal catfaklarin bir Kisen kabwe renkl demidl mikritlarle
doldurutmustur. Kimmzirme renk bu kileal gatlaklarn vogun oldugu kisimafarda géiraldr.

BNagenhkar:

Biyoklastlar {7}, boywnfan birke pmrye varan Kiiremsi, basik elipsoldal agk renkli bilesenlerdir (Sekll 7a,
B, Balluklar yords 1-2 gibidir.

Iri kalsit kristalbri, kayag clustuktan sonra ki donemde kayacin kinklarl boyunca musmuglardir.

filcal patlaklar boyurca yofun kabwerenglonsi demidf miketler bulunr,

Mateiks, mikitlk kalzit kristallerinden olugur, koyw renklldir,

Kayag Adi: Mlkitik kirectas)

Ornedin Alizadn krmizse fle boyanmas sonusund s %58 dan faglagmin bovandifl tespit edlimistir
%

-



ekl 717508 nolu dmedine ait ince kesit fotograflan Mikritik matriks Iverizindeki yuvariagms
bivaklastlar ile mlkritik matrilsi kesan kalslt ve demidi smikrlterin garinimi [a ve b).

b

o



ACC-3 33,30 = 3340 m

ORNEK 175090

El Mumurnesinin Szefikleri

Renk: Aok renkli Gmek beyazimsr-krem renklidir [Saki 8},

Daoku: Mikritik gamurdan olusmus kayag bayutlan mm'den cm'yve varan kigeli van kaseli mikrltlk
hamnrla hemen hemen ayni renkte intraklastlar igerir (Sekil £),

Dane Boyut; ince

Kavacin tim bltejenler] %10 uk seyrelttiimiz HE asitte képdrir.

L N 017609
wekit 8. 17502 nolu arne§l kesen kalsit damarlar lle ariekie girlen bivoklastlar
MIKROSKOBIK JZELLIKLER

Ooku: Kayag miknilik camur matniks Icerisinde boyutlan bickas yu2 pm'den birkag crye biysklastlar ile
birkag on pm’yve varah peletlerden clesmugkyr {Sekil 3a - d}.

Rilesgnler:

Blyaklastisr (biol, bolluklan yizde 258'den az, boyutlan birkag cm've varan agik rendli kavka parcalaridir
{3ekil 3a - «l}.

Mlkrilik matriks, koy renklidir yer yer bBoyutlan birkag on pm‘ye varan peletlerden alugur.
Kayag 4 Bryomikrit|k kireckas

frnegin Allzanm kiemetii ile hoyanm as sonuednda %89 dan fazlasimin bayandifa tespit edilmist Iy,

L

-~



e & 12502 nolu &mefing ait ince kesit fotafraflar, Pelled iceren milkritik matriks enisindeki

biveklastann (& - d) gérindmled



ADRD-3 62.50-52.60 m

JRNEK 17510

El Mumumesinin drelliklari

Renk: Sitid kahverangimsl ve dsha ank sOtld kahwerengimsidir | Sekil 1w,

Dokq: MIKritik gamurdan slusmus kayag aralannda cok ince {1/2 mm'den daha ince) bayaz renkli bar
kalsit damarinea ayrilmiz sekilde suthl kabve renginin ki farkh tonunda gévilir. Her ikl kisimda kilcal
kalsit damarlannca kesfinnistlr. Arcak el amedinde her iki Rismids kat eden kalsit damarlaring
rastlanmamrgtir, {Sekil 10).

Dame Boyulu: [nce

Kayatin tiim bBilagenler] %30 uk seyreltlmig K asitte képorr,

= TEI T IR R T =

1

M el

o i
Sekil M 17510 rwdy Srnek
MIKROSKDR| K SZELLIKLER

thrnedin her ikl kismi da miknitlk Gamurdan ofusmugtur, Kovu renkli kismin matriksinde daha yogun pellet
(Birkag ot um'ye varan kiremsi topakaklart Bulunur (Sekil 11 a ve h). Her iki kisiends da boyutlan men
waran kavkr ve kavl pargalan (blyaklastlar) lle birkag yiiz pevcys varan ekstraklastlar bulunur [Fekll 11a -
d|. Kayac kalsit knictatlerinln doldurdufu kileal ¢atlaklar agzal olarak kesmigtir [Sekil 115 d).

Blleteniar

Kayacin ana pévedesl mikritk [m] boyullaki camur ve iindeki paletierdan alusur {Sekil 11a - ). Koyu
kizimda pelletler daha vogdun slarak bulunur [119 ve 513

Bigoklastlar [b), boyutlar wer yer mm'ye varan kavk ve kavke parcalarindan olugur (Sekil 11k ve ¢
Bolluklan yer wer yizde 10" 3 wanr,

Ekstrakiast [¢), boyutlan yer ver bivkag yiz poa"ve ulagan, kiseli parvalar seklindedir (3ekil 11 a we d].
Bollukdan yitzde 3-5 civanindadir.

Kalsit kristaller, kilcal damadar boyuhes birkag farkl fazda olugmuslardi (3ekil 11a ve b,

Kayap Adr: Biyornikritlk kirectag LY
.,-”'J



rnedin Alizarin kirrisi i boyanmas sonucunda %S9 den fazlasimm bayandig tespit sditmistir.

Jekil 11 17514 nodu Brmeflne alt nee kesit fotefraflan. Koyo renkli kismda gérdlen yofun peiledi
mikritle hamur [le blyeklast (b elktraklastlann ve kilcal kalslt damardatinm (3 we B), ank renkli kisimda
gorilen daha az yo@dun gelled!] mikntik hamuor ile bivokfast [B), ektraklastlarm ve gdgal kalsit damarlannn

(< we <} pordnhmler
OK,



ADD:3 124.50- 114, ED
ORMEK 17511
El Nurmunesinin SxallHleri

Renk: Agk sdtli kabwe renkll &roek, var per beyazms, sapdam kalsit damarlar torsfindan agsal sekilde
keslimistir [Sekit 12},

Doku: Karbonat camuru mikrltlk matriksten clusan kayac ver yer kalinhgl cm'yi gecen kalsit kristalleqr
igerer) damarar tarafincan agsal sekilde birkag fazda kasilmistic (Sekil 12}

Dana Booyuty: ince

Eayaci alusturan bilegenlerin tam am 100k seyreltlimis HE| asitte kopartie

ey K"ﬁ - kalsit darnar

T

LTS =an,

Sekil 12. 17511 nelu emek
MIKROSKOS! K DZELLKLER

Kaya( ver ver boyutlan birkas wiz pm'ye ulagan késedi ekstrabdast (e} igeren mikritik fm)] boyutta
karbonat canurunda clusmugtur (Sekll 13 - d). Kayac kalinhdy yer var birkag emiyl pecwn vairi kalsit (k)
kristallerinin doldurdugu atlaklar agsal olarak birkac farkh fazda kesmigtir {5ekil 13a - d).

Eilagenker
Kayacin ana gévdesi mikritik {m) boyuttaki gamuerdan olusur {$ekil 13a - d}.
Ekstraklast [«), boyutlar yer yer birkag yiiz um'yve ulasan, kaseli parcalar seklindedir

i kalsin krictalied {k), kayaan mikritk ana g.bud-esir'-l [Meyan siiregte kayacin kinklan boyuncs birkag farkl
tazda clugrmuglardir [Sekil 13a ve b},

Kayag Adr: Mikritik kirectas)

Cwregin Alizarin limmais) e boyanmas sonucunds %99'dan fazlasimin boyandig tesplt dibmigtir

by



ekl 13, 17511 nolu &rnegine alt ince kesit fotofiraflar |n kalsit kristallann (k] doldurdugu damarlar
tarafindan yofun bl jekilde kesilerek parcalanmiz mikrltik matrlks () e iverisindeki ekstraklastarm [ef

gorunimler| {a - b}
b



ADD-2 145.00 — 145,10 m

DRMEK 17512

EV M umiunesindn Szellikhari

Renk: Agik sithi kahverenglmsidir (Sekil 14).

Doku: Mikritik camurdzn olugmus kayae kalinlklan kilcaldan cmye varan kalill damarlar tarafindan
hesilmistly [Sekil 14).

Dana Boneorty: Ince

Kayatir tim bilegenler % 1FIuk seyreltlomg HO asitte képiirir.

M 17R1E

Sebil 14, 17512 nolu frnek
MIKROSKORIK SZELLIKLER

Kayag mukritlk camurdan alu e slur [Sekil 153 ve B, Kayacon matriksinde pelletier e boyutlan birka
YRI win'ye varan agk renkli ekstraklastlar Bulunur (Sekil 153 ve bf. Kzyacl  kalsit  kristallerining
daldurdufu kileal catlaklar afsal alarak kesmistir [Sekil 15a ve b).

Bllesenler
Kayacin ana géwdesd mikritik (m) boyuttaki camur ve Igndeki paletlerden afsus [Sekil 153 ve h).

Ekstraklast, bovullan ver yer hirkag ypiz pm'ye ulazam, késeli pargalar seklindedlr [Sekl 15 2 ve d).
Eolluklar yi2de 3-5 civanpwladar,

Kalsit kristatlen, kilcal damarlar boyunca birkag farkir fazda olusmuslardir (Sekil 153 ve B,

Ky Az bk ik kirectas)

thrnedin Alizarin kirmizrsi ite Beyanman sanucynds %997 dan fazlagin boyandig kespit edilmigtir.

v



wekil 15, 17512 naly dtnaine ait ince keslt fotograflzn. Boyutlan birkar yiz pm've varan ekskraklastlar
Flz pedlecl igoren mikritik matviksi kesen kilcal kalslt damarlannin ta ve b) g ini mieri.

2



ADR-5 33.00 = 3010 m

SANEK N 17513

El Numunesindn Szellikleri

Renk: Aok renkl kayar icersinde sivabims bz sekilsic kristaller {Sekdl 16).

Doku: Daneli deky gosteren kayac yan-iz, &2 sokilsiz agk renkli plajiyaklas kistadleri ile, 47 sekflsiz farmor
magnezyen fazlar alugturmaktadir [Sekil 16).

Dane Boyuty: ince

Sekll 16, 17513 nelu drnek
W IKROSKOBIK S2ELLIKLER

Doku; ince dansli kaya yan -z, G sekilsl pla)lyaklag kristalleni ile amfibollesmly piroksen (7} ve bivotit
kristaileri glugturur [Sekil 17a - d).

Blesenler:

Flafiyokiaclar, boyutar mm'ys waran yan-dz, &z sebilslz kostaller halinde kayagtaki baskin mineraldir.
Copunlukla zonlanwa gisterir ve zonlann Ig kismbar killesmigtir. Ayrstiklanhdan dalay cins tayinled
vaplamamestir {Sekil 173 - d}.

Amfibailesmis piroksenles, plafyoklasianin arasindaki 62 ekilsiz kristaller halinde Bylyme, Boyutiae 500
g ile mm arasindadic. Cofunlukla ayngimigtir (3ekil 17a - 4).

Giyolitler, vari-iz sekilli kristaller halinde genellikle merkezlarden itibaran klorltlegmistinSekll 174 - o).
Kil enineraller, opak nehtral, epldotlar ve kloritler ayngma minoralleddir.

Kayag Agh: Mikro divorit DV

e



vekil 17. 12513 nolu Groegine ait ince keslt futogaflan, Daneli dokulu omekte gariilen altere olmus yar-
gt zekilll plajiyoklas, 42 sekfsiz amfibolimsmis piroksen klaritlesmis biyotit kristalierinin N ve T deki

goriandmier] {a-gl]
-



ADD-3 406,30 - 40.4F m

CRNEK 17514

El Nutnunesinin Szelliklerd

Renk: Koyu kahverengim s -grimsi baglayict [gérisinde sitli ka bwerengimsi kdseli pargalar (Sekll 18},

Daku: Kataklastik deky gosteren kayacta satlo kahvererrflinsi ana govde birkat Faz halinde akiskanlar
tarafindan mrv'den birkag din'ye varan boyutlerda parcalanmgt. Parcalar skiskanlardan geride kalan
koyy kahwerengimsi-grinnsi matsiks tarafindan tuttrrulmi slur (Sekil 12} Karot droefinde en son
FKigkaniann hareket cttifi daha koyu rendkdi kanallarin kenar zontan ok nee koyu katvwe penkdi hatfar
seklinda 12lanir.

Dane Boyutu: Irl- arta- ince

Kayag %10k seyreltimis HCLasitte godk hadif kiplirar

$ekil 18, 17514 nolu smek
MIKROSKOSBIK SZELIKLER

Doku: Makroskobik glarsk kataklastik deky postedr. Kayacn ana givdeclni nlusturan acitk rerkli krsim
skizkan basing e pm'den blrkag dm'ye varan boyatlardaki kfigedl sekilde pargalanmigtir. Kayagn
parcalanmaiing reden olan akzkanlanin ethgivle ack renkl] Kisimlar tamamen dolomitlesmiglic ve
mrktaskobik olarak neorrorfik doky gostenr (5ekil 199 v b). Craha sonra akiskan Faz detmirli ve kalsitli
bilezimler igerecs: sekilde davam etrnig ve itk fazda olugan dalomitlesmis parcalan tekrar pargakar g,
Kayagin 210k seyreltilmly HEI asitte gok halif kipurmeslmn sebehi kvl kalwerenkli demirl] 4alsitli
Lot akeskan fazin kalint lardir

Blletenler:

Cealomit, birkag yikz ek varan yari-oi, 8z gekilsiz kristaller hadinde neamarfizenarn i rini olarak gordlir
[3&kil 19ave b).

Aotk grirenkl| Ince matriks {dalamitlesmeyi elugturan akiskaniardan arta kalan), buyik bir clasifikly inge
delamit taneciklennden olusur {Sekil 193),

Koyu kahverengi ratriks (sam akizkanlardan arta Ealan) demirli-kalsitli bilesendir [Seki 194]

by

Kayag Ade: Deslomitli pargafar igeren kataklastlk {ota)] bres



Drne@in Alizarin kirmizesi lla beyanmas senucunds %15 ila 20 civannda bayandig tespit edilmistl, Ank

renkli parcalan biiyik bir kismi bovanmamiy (dolamirt), pargalar arasinda kalan keimlsr daha cok
boyanmgbir

kil 19, 17514 nolu $rnefine ait ince kesit fotagysflan. Neamorfik dekyyy slusturan dofemit kristallo
(d] ile aralarindakl ince dolomit kristatlerinden clusan acik grl renkli matriksin (a) dalamitlegmis pargalan
tekrar pargalayan koyu kahvs renkll demidi-kalsitl] mateiksi {b}



ADD- 5 68,70 - 68.80 m
{IRNEK ND: 17515
Renk: Kayw kabverengimsi grimsi baffayicr igerisinde sith) kahverengimsd kéisell parcalar [Sekil 20).

Boku: Kataklastlk doku gdsteren kayacts simii kahverenglmsi ana gévde blrkac faz hallade akigkanlar
tarafindan mm'den birkas den'ye varan boyutlarda pargalanmcgbir. Parcalar akiskanlardzn gerlde kalan
koyu kahverengims|-grimsi matriks tarafindan tutturimgtyr (gekil 20). Karat Grneginde akiskanlarin
hareket ettigi daha koyw gri reckli kanallar lzienir,

Dang Beyutu: Iri- arta- lnge

Kayar %16 uk sayretilmis HO as|tte cok haffkspiror.

Fekil 20. 17515 nolu Smegl kesen mikro fay (f) v Brnedin pargalanmating neden olan akiskanlarin
olugtardegu kanaf {ak}

MIKROSKOBIK OZELLEKLER

Dokl Kayacin ana gévdesini alugturan ack renkll kigim akizkan basing ile um'den birkag dm've varan
boyutlardaki kézeli yekllde pargalanmishr. Kayaci olusturan agik renkli kissmlar neamatizmaya ugsavarsk
armamen dolomtlestnistic (5ekil 21a - d], Gaha sonra 2kiskan faz demiil ve kalsitli bllesimler icerecok
gekilde devam etmiz (kahwerenkli} ve ik Fapda alusan dolomitlegmiy parcalan tekrar pargalamster,
Kayacin %1 Tuk seyreltiimis HOT asitte pol hafiF kiplrmesinlh sebebi kovu kahye renkli demitli-kalsiii
son akiskan faz kalint landr.

Bilegenler;

Bolomit, birkag yliz wm varan yari-iz, 8z sekllsiz kristaller halinde nesmadizmanin Grind olarak gorulir
{5mkil 21a - d},

Koyu kahvarenigi matriks (son akigkanlardan anta kalan} demirli-kalsithi bizendir (Seki 213 - o)

Kayag Adi: Dolomith parcalar igeren kataklastik [oto) tires LV

e



Orregin Alizarln kinmizisi ile hoyanmast sonucunda %S ila 10 crarinds boyandif tesplt sdilmiskir. Ak

renklf parcalar biyik biv kismi boyanmarmug {dolsmi), parcalar arasingda kalan weombar dahg ook
boyanmigter.

ekl 21. 17515 nolu ernefine @it ince kesh fotegrafian. Necmarfik dokuyy olusturan dolomit krlstaller
e dedomitlesinis parcalan tekrar pargalayan keyu kabwe renkli demirli-kalsith mateiksi ta-d)

b

-



ADD-5 8320 =532 m
ORNEK 17516
El Mumunesinin dizeliklen

Renk: Kavag kayu yegilimsifsivahims ve agik renk!l renkli damarlann kestifli grimsi-yegilims) renklidie
{Smkil 22}.

Doky: Kinntl dokuly tertul kayag kalinlg per ver birkac mm'ye varan ve birkag mm karellk cepler
alugturan kayu yezllimsifsiyatimst damarlar e eshk eden acik renkli damarlar tarafindan adeal seklde
kesilmistly (Sekil 22).

Dane Boyule: nge

sekil 22 17516 nolu dmegl kesen acik ve koyl renkli damarciklar
MIKROSKOBIK S2ELLILER

Dokw: Kayaon ana ghudesini mikrolitk, bir matriks itetisinde boyutlan bir kag viz pm'ye varan
ekstraklast, intraklast ve bivoklastlarin clusturdupy kirshlar olugturur [Seki 232, b ve d). Kayag Bros
kalnhgl m'ye varan ancak birkag mm karelik diizensiz cepler olusturan Irl kalsit damarlar tarafindan
keslenistir (Sekil 23a - db. Daha sanra pelen faz kawy yajilimsifsivaboms {demirlil kalsit damarlanng
izleyerek kalsit damarciklan i kesmistir {Sekl 239 v )

Blesenlar
Kayaon ana govdesinini afusturan:

Ekstraklastlar, bayutlar bir kag v pntye varan var-kizeli, yuvarklaklzymis kigeli tanecklerdi (Sekil
433, bve d|. Mineral ve kayag parcaciktarindan alusur.

Intraklastlar, beyutiar bir kac piiz imys varan wan-kbgeli, yovarklaklagmas kel taneclklerdir [Sekil 234,
b we d). Karbonath bilesenlatdir,

-

Biyokbaillar, bayutian bir kag yiiz pm'ye varan kavi parcalander {5ekil 23a, by dj.



Mikritik bayuttaki camuor matriks [Sekll 234, b ve d).

Kaiyac! keswn kalsik damarlaninda bulunan iri kalsit krisealler] ve keyu renkli demini kalsithi damarlar {5ekil
Z3a-d)

Kayag Adi! Kirecli kunitags

Drnegin Allzarin kirmizis ile boyanmam sonuounda %S0 ila 60 pyarinda boyvandif tesml edl m3tir

72kl 23, 17516 nolu Brmegine ait ince kesit forograflan. Aok renkli kalsit (K0 ve kowd renkli demicli
Ralsitll [GR) damarciklar tarafindan kesilen mikritik hamur Igerisindeki kinnmlann (K9] gérindmlen [a -

b



ADD-5 62.50- 6250

ORNEEK 17517

E! Numunesinin dzellider]

Rank: Beyaz renkli karmtilar iceren yegilimsi gri (Sekil 24}

Doku: Karot Srmeginin ana géydesini alusturan kirntl tortul kayac ince-orta ve iri kum bovutlarndaki
k&gelr, var-kogell ve vovarlaklasmas kbseh daneler olysturer, dng govde enginde boyutlan frkag
cm'den dm™ye varan ince kum boyutunda danelerden olusmus merceklar bulunur. 8y mercekiern ana
gowde ite sirir lliskilerl bazen keskin bazen de keskin almayip yer ver bu sinirlara kalsit damarlan eglik

ader [Sekil 24}

EBane Bayutu: nge- orta-lni

Sedil 24 17517 nolu drnek
MIKROSKOBIK OZELLIKLER

Doku: Belirgin kinntlh tortul kayvag dokusu gosteren kayac kdseli, var-koseli, yuvarlaklasmis mikritik
klreg tage, serpantinit, tamamen kloritlesmis walkanik kayas danegikler] glugtyrur, Tum bu daneler inge
mikretik bir matnks tarafindan tutturulmuogtur (5ekil 253, b, cve d).

Bilggenker:

hikritik kireftag danelen, boyotlan bifkad rom®ye varan kocel, yan-kigeli danaler halinde garijigries
[kl 253 - d.

terpantinit dansleri, Bayutlan mm'ye varan yarrkedcali, yuvarlaklasmig daneler halinde gériliirler §Sekil
25 ve di. Biylk Bir kism pangalanarak siltlesmigtr,

Klortlesmis walkanik kavag daneleri, diger bilevenbere gére daba nadir alarak bulenur boyuatlan mm'ye
varan yan-késeli, yuvariaklasrms daneler halinde garill drder [Sekil 253 ve B).

-~



Iri katsit kristalleri, kayag alustuktan sonra ki donemde yer per kilcal aglar eklnde alusmusiardr
Bilegenler miketik bir frralriks ile baglanenst,
Eayag A Libik kumtas

Ormegla Alizarin kirmizesi de beyanmase sonucunds %15 ila 20 cvannda iri kirectag: taneferlain bovandig
tespit edliimlgtir

sehil 25, 17517 nalu qimegine ait ince kesit fotadraflzr. Mikritlk bir fimento ila pakiztirlwis, késeli, van-
kogeli mikritik kireg tag kinntrlan ile yuvarlaklasois kloritlesmly volkanik kayat binntesimin TH ve UM deki
gerlrt sl (3 ve b), serpanin kirntisrmin TH ve ChF ekl gdriintisi fove d)

,..-f



ADD-5 55_80 — 98 o4}
ORNEK 17518
El Numunesinin Gzalldceri

Renk: Aok sitlii kahverenkli érnek, yer yer beyanms, saydam kalsit damarlan tarafingdasn agsal sekilde
kesilmistir [Sekil 26}

Doku: Karbonat camura rokritik matriksten olpgan kayag yer yer kahnlgs mm*ye varan kalsil kefstalleri
igeren damarlar tarafindan agsal seklide birkag lazda kesilm lster, Damarlann kesirm nekialannda kalsitjer
yer yer ¢t kareye waran capler olusturur [Sekil 6],

Date Boyotu: |poe

kavati ohigtutan bilegenlarn tarmatm %S 1F 0k seyreltilmi HO asitte kipirir.

b Il 1

ekl 26, 17518 nolu Gmek
MIKROSKOBIK HZELLIKLER

bArkritik boyutta farbonat camurunda slugan kayacta ki Farkh mikro doku gozlenlr, Kavacin bir Kism
hemgpen bit jekilde mikritlk doke posterir (m, Sekll 272 we d). Kayacn diger kisminda ayn talemenin
kiriltmas sonuca alugmug boyutlan birkag pmtden birkag mm'ye waoan koyeli pargalar rok daha ince
mikritik we/veya demicdi-mikritik {kahve renkli] bir cimento terafmdan tutturulmiu g olarak garidii {mk,
sekil 27k, & ve d). Kayacta, boyutlan bickas vz pm'yve ulasan, kdsell karbonath bilesimda va daha acik
renkli ekstraklastlar Buluair (3ekil 270 ve d). Bu K doku bazen bir demirli-kalsibi Blr matriksten olusmiys
bir snirla bisinden aynilr {Sekil 27h we d). Kayac kalinlige yer yer birkag mm'ye varam ve ir] kalelk
kristalled nin doldurdugu ¢atiaklar agzal olarak bitka; farkl fazda kesplgtic (Sekil 273 - ).

Eilegenler
Kayag, yer yer homsjen, ver yes de pargalanmug mikritek fin| bovuttaki camusdan alusur |Sekil 273 - 4.

Ekstraklast, boyutlar yer yer birkag yiiz pm'ye ulagan, koseli pargalar seklinde, nadiren hetrajen mikritik
gamur igersinda halen de parcalannig dekule kisim icensinde bulunor.

-



iri kalslt krisealler, kayag alugtuktan sonraki dénemde kayacin kiriklar bayunca birka Farkl fazda
tlusmusiardir {Sakil 9a ve k).

Yer yer bazi kinklarda demir boyamalar gérilir {Sekil 2a).
Kayag Adiz Mikridik kiregtag (yar yer mikro otabreslesrmis|

Qrnegin Alzarin kirmizise ile bryanmas sonucunda %99 dan fazdasinn bayandifs tespit edilmistir.

ekil 27, 17518 nolu drmegine ait ince kesit fotodrafan. Mikeitlk matriksten [m] clusan kayacn we
kalinliklan yer tar em’ye varan in kalsit kristailerinin doldurdugy damardarn (ab, mikio diizmyde oto
bregleymiy kégell mikeitik matnlks parcafar: inik} ve onlar tutturan daha lnee mikeitit / demicli kalstl)
(kahwve renkli} matriks ve agik renkli kaseli ekstraklastlans (b, ¢ ve d} gérlindmleri

by



ADD-5 £3.50 = 6260 m

ORNEK 17519

El Numunesinfn Szelliheri

Renk Kol kahverengimsigrimsi baglayic) icerisinde sitli kahvesenglmst kégeli parcalar [Sekil 28).

Doku: Kalzklastik doku gasteren kayagla sitld kahverenginisi ana gévde birkag faz halinde akigkanlar
tarafindan mm'den bickar cm'ye varan boyotlarda parcalanmistir. Pargala akiskanlardan peride kalan
koyy kalrerengimsi-grimsl matrlks Farafindan rwotturolmugtur (Sekll 130, Karst &rneginds akiskanlarin
hareket ettifi yaklagk ¢m kalinhfinda kanallar 1zlenir,

Danpe Boyutw: Iri- orta- ince

kayasin ban kisimlan 10000k seyrebilmis HOl asitte kdpdriis.

W BITRLA

Fekil 28 1751% nalu Gmekte kataklasmaya yol agan sivilann clusturdugiu kanal
MIKROSKOBIK SrELLIKLER

Doku: Kataklastik dokulu kayactz boywtlan pn'den cm kadar defisen kdgeli varl késeli cofunlugu
mikrtik dokilu kientilar, daha az peletlerin yopun oldugu kinatilar ve dolomitlerden elugmuz kayag
pargatiklan koyw grl, kahverengimsifsiyahurms: bir matelks ile lottu rlmastur (Sekll 2%, b, cve d|.

Brilecenler:

Boyutlan um'den bitkag om'ye degisen kizelf ve yan kBgel mikritik dokule kayac kinntdlan {Seki 29a ve
]. Bukirntlann kilcal catiaklar boyunca dolomtlesme gartlir.

Beyutlar birkag yiiz pm’den varan pelietierin sugturdugu bogluklannm sparitik kalsitle daldy ralduyge
karintrlar |Seki] 295}

Tamamen dolomitlesmiz kinntilar (Sekll 29d) difer kinnblara gére daha azdir. C,I//
-~



Kerpu @il matriks, Gzellikfe tanelerln geviesinde, taneleri kat aden ¢atlakiar buyunca zkiskanlann peride
barabtig koyy kabve renkli demidi ve demirli kalsteh akaskan tortulan {Sekil 23a, b, ¢ ve ',

Tl dakuyu kesen ikincil kalsit damarlar.

Kayag Adi: Katakiastik kiregtagl

Ornegin Allzarin kitruzel ile boyanmas sonueunda %60-70%nin toyandi@n tespit edllmistle. Ram agik
renkli pargatar tamamen dolomlen glusurken, bit bisim mikritik pargalann gatlsklan boyunca boyanma

olmamustir.

ekl 29, 17512 nolu drnedine ait ince kesh Fotafiraflar. Kasell, van kdsali mikritik {a ve ¢, ot [lmtli (b} e
delamltl] (d] kayat kinnblannin ve bu kinrtilann gevresindeki ve hinntilan kal eden kahveraneimsi

akaskanlardan geri kalan terty szllevinin {@, b, © ve d) gdrond mlsrl.

"



ADC=5 37.50=37.60m

ORNEK 17523

El Mumunesinin Gzellilderi

Renk: Yesil rankli kayag iperisinde koyu yegilimsi 62 sekilsiz kristaller boluar {Sekil 300,

Doku: Tanell dokulu kayacr yari-dz sedllli we oz ekilsl? wemlimsi knistallor ile Gz sekilsiz koyu renkli
kristaller clusturar {Sekil 20).

Cane Bayutu: Ince

Seil A0 17523 nolu driek
M| KROSKOBIK f2ELLIKEER

Doku: Taneli dokulu kayao yan-gz sekilli ve 8z sekilsiz klivogiroksenler krlstallen ve plajrroklasiar ile Gz
zekifslr kayw renkll amfitabl-epidot-kristaller clusturor (Sekil 31a - d}.

Bllesenler

Flincprireksen, bayutlan mm'ye ulagan yan-oz, Gz-zekilziz kristaller halinde kagtaki hakim mineaidin
{Sekil 21a -d).

Flapyoklas, Boyutlar mmtpe ulasan yan &2 sekillf kristaller halindedir (5ekil Z1a - d].
Amifllol, epldat, klorit piroksen ve plajiveklaslarin aralannda bulumor [Sekil 31a - d},

e

Kayag Adi: Mlkro gabra



vekll 31 17523 pelu srneflne ait ince kesit fotograflan. Danell doekuyu olugturan klinopl raksen,
plajyoklas ile bunian arzeindaki arnflbol-epidet ve kfodt krlstaiterinin giriniimler [a -d},

Ly



ADD-6 50,70 = S0 80 m
ORNEK 17524
El Mumunesinin Srall lder

Renk: Karct Srnegi boylamas iki farklh renk tonunda gérdlir. Bir kismi apk yesil, diger kism ise siyaha
dogru glden kovu yegildle, [Sekil 32

Doku: Cok ince daneli kinntih kayaa olusturan Silesenler kil boyutundade (Sekil 32). Kayap elde
kelayhkla dagiabllir azellibedlr.

Dane Boyutu: Cok ince

Lekil 320 17524 nolu amek
MIKROSKOBIK SZELLIKLER

Doku: Cok ipce daneh ket kayag keiptakristalen danecklerden alugur. Aok renkll kizmda, keyo renkh
krstnda gonilen kurum catlaklan net olarak goriilmez. Mubtemelen, acik renkli kisim kooyu renkli kisma
gare daha fazla altere almug, topaklagnug glbldir {Sekil 332 ve b).

Bilegenler:

Her ikl kisimnda kil boyutunda kriptakriztalen daneciklerden {yegl penklerinden dalayn kloritle st T
olusmustur (33a wve b). Catlaklarin sekli serpantin catlaklanna bencesmektedir.

Envag Adi: Kiltas {tnuhtemelen tamaemen bilkegmiy peridotit ?7) CV

.-r"""..



vekil 33, 17324 nolu drnefine zit Ince kesit fotofraflan. Catlaklar net olaak ganimeyven ancak

topaklazmanin belirgin oldugu ack yesl rerkll kismmdaki (a ve B), catlaklarn daha belirgin olarak
gruldigi keyy rankli kissmdalkd (o wve d) krlakokristaten kil boyatundaki malzemenin gérindmleri

by



ADD-b 64 85 — &4 55

ORMEK 17525

El Murrimesinin Szellikhar]

Rank: Sivatims koyu ywegll [Sekil 34].

Dokt Afanitik doku gihsteren kayeecta makroskobik olarak kristaller girilmez. Kayacin dizensic gaz
bogiukiaremin kalbsit kristalleni doldurrmgtur {Sekil 34).

Dare Boyutu: [nee

Sekil 24, 17525 nolo omek
mikrOsKOBIK S2EuIKLER

Doku: Mikrolitik dokuly kayag kriptokristalen bir hamur igerisindeki plajiyoklas milkrelitlen clusturur
ekl 35a - 9).

Bilesanbar

Plajiyoklas, bovutlar birkas yliz pm'ye varan yari-gz, 6z sekilsiz mikrolitler halinde bulunur. Bollukdan
yaklagik yurde 25w watr. SGnme aqic tayinferinden bllegimler Apee (labrador| olzrak bulunmustar.

Kriptoknistalen hamur, yer yer klaritlegmistic, Mamur icerisindeki dizensiz basik gaz bosiuklar kalsit
Erictallannce doldurulmigter,

Kayag Adr Bazalt E’/]/'
o



ekl 33, 17524 nolu érnegine ait ince kesit {otograflan, Kriptokristalen hamr Herisinde by lunan vari-a;,

3 gekilsiz plallyoklas milkrolUeri fle bagk gaz boghuklanindaki kalsit kristatletlnin TH {a ve of we Thdekl (o

ve 4] gérindomleri

-



ADC=E 6R, 70 = G220 m

BRNEK 17526

El Numunesinin Szallfkderk

Renk: Keyy siyahimsi renkdi kayacmn dzernde agik wesillmsi kristaller garilir (Sekil 360)

Doku: Kayag ilksel dokusuny serpantinlestldi [gin kaybatmistic [Sekil 36} ince daneli bir hamur dperlsimde
&t jekilsiz, ywvardagrms id aqk vesil piraksen kriskallar g8l i,

Dang Boyubu: ince-iri

=

sekil 36, 17526 nolu Grnek

Doku: Kayaf ilksel dokusunu serpantinbegt [ igin tamamen kaybetmistir (Sekil3Ta - df. ¥ayaon itk bir
kismime serpantinlasmis  clivinler  alusturur. Kling we ortoprroksenler abera  almalaring  ragmen
tambabilirler,

Ailesenler.
Mmook biiyilk Slgide serpantinlesmistir [Sekil 372 ve b

Crrtepirekson, boyutlan mmtye varan 6z gekilssg kostalles balinde bulunure (Sekil 37 we d). Dilindmlerlne
gore dik sonme ghstenlrler, Bollukiao pirde 15-20 civarindadr.

Ehhaplioksen, bayullan mmye varan Gz sekilsiz kristallar halinde Bulusur {Sekil 37 ve db. Dilinimierine
gore efik sdnme ghstender. Balluklar vizde 5 10 civarndadir.

Spdneel, Bovvutlan 2 mm'ye varan 8z sekilsiz opak knistalles Falireke gor il

Kayar Adi: Sepantinlesmis lerzalit

v



qekil 37, 17526 nolu droegine alr Ince kest fatograflar, Sespantinlesmis clivin kriskallerinin TR wa
LN'deki ghrtintimleri a ve b, orto (sénmng) ve klirepiroksen kristallerinin TH we CN'deki gorindmlers ¢

ve d)
by

'



ADD-TA E4.680 - 54,70 m

ORNEK 17527

El Mumuneslin el eri

Renk: Koyu kahveranglmsi grimsi baglayicl loerisinde siitlii kahwerengimsi higeli parcalar ($eki 38,

Daoku; Kataklastik doku pdisteren kayacta sithi kahverengims ana giwde birkag fag hallnde akiskanfar
tarafinctan mm*den bitkas em'ye varan boyutlarda parcalanmstr. Parcalar akiskanlardan pande kalan
koyu kahverengimsigrimmsi matriks tarafingdan tutturulmustur (Sek| 3,

Dané Boyutu: i orta- ince

Kayatl olusturan agk renkli pargalann ¢ogunlufu % 10°uk seyreltlilmiy HO asitta kapdrir, ansak koyu
rankli kisim %10k seyreltilmiz HE asitte kdplirmez.

Sakil 12 17527 ol drnek
MIKROSKOB K OZELLIKLER

Cokw: Kavaon ana géudesiti olusturan agik renkll kisim mm'den birkag cm’ye varan beyutlardakl késeli
sekilde parcalanmugtr, Kayao clugturan agik renkh kisimlann arasindaki koyu renkh kigme iri dalomit
krlstallens doldurmugstur. Agk renkli kismi alugteran parcalann BIr kisme kical cattaklar hoyunca
dolomitlazmeye baslamns mikritk kalsit [dm) kristallerinden alusyr {5ekil 393} Dufer bax parcalar
mikeittk (i, banlanise mikitik kotakastik [mi) doku|udur (Sekil356].

Bllesenler:
ik renikli pargatar mikritik dokulu ve kataklastik mikritik doky gosteren kiregtagedir.

Atk renkdi parcatarin arasindaki koyu renkli kisimilarda bulunan dolomit, birkag yiz pn varan yan-iz, &
gebilsly kristaller halindedlr. Dolamitler ayriva atlaklar boyunca ve yer yer mikritik dokrly kIr mckasim
kesen kilcal kinklar boyunca gonilir (Sekll 393 ve b).

Kayag Ade: Dolomitlezmeye haglanug rolkritik kiregtast parcalar icoren katakbastik {nte) bres

Ornegn Alitanin kirmizisi [le bayarmas sonocunda %70-80%0in boyandid tespit edilmistr. Aok rankli
pargalann blyik ki Lamaman boyanirkan by pargalan kat eden kilead catlaklan boyuney bavama zayif
almugtur , keyu renkli kesimler de beyanmamistir.

5

e



tekll 25. 17537 rolu Srnegine alt Ince keslt fotagraflan. Ak renkli mikeitik kirectaglannn dalomit (d)
danvarlarl tarafindan kesilmesinden sonra kilcal ¢atlaklar boyunea dalomitlesmesinin (dm) garinimd da),
agrk renkli mikritik kirectag pargalaninda porilen mikeitik kataklastik [mk) doku ile miketk jm} dokunan

garlinamd (b}

—



ADH-1 4.7 = 5.B0 m

DRNEK 17530

El Numuwhesinin Jrellikber

Renk: Beyasirma-kremn renkli érnegin bazi kismlar kirmizims) clarak gheilor {Sekil 400,

Dok Kuvar tamamen mikritik gamurdan itibaren alugmugter ($ekil 40). Kayar agsal kabit dsmarlar
tarafindan keslimigtlir (Sekil 34},

Gane Boyutu: Ince

Fayag %10'luk seyrettimis HOP asltee k3piirir,

M DITERD

kil 0. 17530 nalu érnek

Crodow: Kayac mikritik [m) boyutlardakl kalgit kristallerinden olugmu stur, Kayag iperisinde yer yer mikntik
kataklastiklenmis {mk) slanlat bulunur. Kayag igerlsindeki kilcal cablaklann bir ks kalive eenkli demirli
mikritlerle deldurylmuztur. ¥rrmazimsi renk bu kilsal gatlaklann yogun alduu kismlarda goralir (Sekll
dla ve b

Bileganker:

Mikritik matriks kayvaon ana gaudesini olugturur (Sekil 41a ve b},

Kileal gatlaklar béyenca yofun kahvererglmsi demidi miknitler bufyruor {Sokil 413 ve b).
Kayag Ade: M IkrItlk kirectasn

Ornefin Alizarin kirmizis ile boyanmac sonucunda %99 undan Fazlasinm boyandign tespit adlimilgtar,

g



Fekll 41 17530 aelu Yroefine aft ince kesit fotogtraflar, Kayao olesturan miketik marrlks, mikiitik
katakastiklenmis alan va fatlaklar boyuncs gérlen demirki mikritik dolgunun gecamdmler [a ve bf.

Boyama yinteminde kullatilan pdzelf, Alizarin kirmizi boya konsantresinin 100 ml balonjejeds 58.5
ml saf s+ 1.5 il konsantre HO gdzedtisi iperizine skenmeshyle haurdanmgtr,  Kesitfer [Gmeklere da
uygulanakilir} hazrlanan gdzeltiye batirdarak 30-45 sgndye beklenliditen sonra su ik durulanarak
kunutulmusg, sonra rakroskobik ve mikroshobih olarak tekrar incebenmigtir,

v



rATLIS ALA WA CEYHON {IRMEKLERI iNCE KESET iWCELEMES

VISME MADENCILIK ORETIM SAMAYI VE TIC. A, 5. Ruhsat 200704213 ER:3137103, Adana Ceyhan
(Gindogan} tas oraf sondajflarindan dederen 1 adet karot tmeginden (17532) KTO Ince Kesit
Laboratuvaningda hazidanan ince kesitler Aragtirma Mlkroskabu Laboratuvarinda fotograf makinesl e
donatilmiy MIKON ECLIPSE E400 POL marka polarizan mikroskopta Incelenerek ve fotograflanmigtr

Sl 1. Wikon Eclipse CACD POL

Kullarilan objektifler ve akdler, clzglsel bOyitme

CHajektif Okiiler
25 10
5 10

10 10

Prof. ,Cin QEN\/
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12glsal Olgak pna)
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ADH-17 33,30 = 33.50 v

ORMEK 17532

El Numunesini S2elllkleri

Renk: Beyanimsi-krem renkli Smegin baz kisimlan kirmizims: clarak gérilie {Sekl L],

Croku: Kayac tamamen mikrtik camurdan itibaren olusmustur (Sakil 1), Kayag birkitine paraled we by
paralel catlaklan rastgele kesen ve kalmliklzn ver yer mm'ye varan Kalsit damarlan tarafindan kesilnnigtr
{5akil1). '

Cane Boyuty: ins

tavacin tim bilesenlen 10" luk sayreltilm iy HC| asitte Kipdirir.

M 0179

ekl 1. 17532 nelu ornek
MIKROSKCBIK GEZLEMLER:

K [kritik boywtlardaki kalsit kristallednden alusan matriks icerdsinde bowirlan birkag pam'ye wvaran aglk
renkil Intraklast/hlpaklastlar bulynuer [3ekil 23 ve bl Klczl fataklann bir kismi kahee renkli demirli
mikritlerle daldurulmustur. Kimmizimss renk bu kilcal catlaklarin vogun oldugo kisinlarda g@rilio, Hem
mikritlk dokuly kismi hem de mikro-kataklastik dokouda yer alan mikrtk parcacikian kesen kalsit dolgulu
damarciklar ve kalsit cepleri {Hekil fo) mevouttur. Bayagte mikro- katakiastik doky gésteren baska bir
Eisim daha bulummaktadir (Sekil 2d). Kataklastik kisim, mikeitik dokolo kesmin Bickac on pen‘den bidkag
trirm e kiigedl sekilde paralanmas) we daha agik renkli yer yer spantik yar yer mitzidh bir gimento e
tutturulmasindan clusmaktadir.

Bilesunker
Fayacin ana govdesi mlkeitik [m} Bovvuttakl camur ve icndeks biryaklastlardan olusur (bekt 38 —d].
Biyoklastlar, bowutlan birkag mm'ye varan yuvarlagms kavk () pargalanindan oluyur [Sekil 23 we b,
Ekstroklast, hoyutlan yer yer birkas wiz pm'ye ulasan, kbgeli pargalar geklindedic [Sekil 2a ve b.
Kalsit kristallerl, kdeal damarlar bovunca birkag Rkl Fazds alusmuglandie [3akll 2a - 4.
Kayag Ach: Yofun sekilde kalsit damarciklarryla agsal olarak kesilmis mikritilk kiregtas

(-

-



-

Sakil 2. 17532 nolu drneging ait dnce keslt fotograflan, Bivoklast (bia?} igeran mikeitik dokuya kesen
kalslt damaraklian ile kalsit ceplerinin a - ¢, mikra kataklasUk dokanun [d) gornimlen

L,

—



MITLS ADANA CEYHAN (GUNDOGAN) QRNEKLERT IMCE KESIT iINCELEMES]

VISHNE MADENCILIK ORETIM SAMAYI YE TIC. A 5. Auhsat 200704213 ER:3137103, Adana Cevhan
[Giindogan) tag acaf condalanndan derlenen 4 adet karat ameginden (17537, 17538, 17539 ve 1/540)
KT L inee Kesit Laboratuvarinda hazirlanan ince kesitlar Arastirma Aikroskebu Laboratuvaninda fotograf
makinesi ile donatilmis KIKOM ECLIPSE E400 POL marka polanzan mikrackopta incelenersk ve
fetegraflanestir,

Sehdl 1. Niken Eelipse E400 POL Prof.Dx Cin
Jog! h.Ba ;Lu
i No: 73

Kuliamilam objektifler we akiler, fizgise] bilyrtme

Objekhf DhkeLilar Cizgisel Hlgek [pm)
2.5 10 1]
5 10 2540

10 10 125



ADH-22 820 —8.30 m
ORNEK NO: 17537
El Mumunesinin drelfkler

Rank: Periberndl sitld kabhversngimsl kayae leemsinge per o mmiye Koyl kakbve rengles Benakler
bulunur [Sekil 2.

Doku: Mikeitik matrikster slusmus kayag kabnlgd war per 4 mm'ye varan kalsit damarcklarn tarafindan
ageal bir sakilde ke<iimistir (Sekil 2].

Dane Byyutu: [nce

Kayacin tilm bilesenkeri %10 1uk seyreltilmis HO a<itte kSpdror.

Lokl 2. 17537 nlu @rmedk we Ozenndekl koyo kahverenkd beqskler
MIHRCSKOR] K OZELLIKLER

Sokw: Mikritik [10 pen' don kigiik kalsit kristallari} matriks, intraklastlar boyutlan birkag on pm'den mm'ye
ulazan daha koyu renkli yuvarlakl agrms kosell, yar-kdseli mikntik kiregtag pargaciklanyla  kurers| milkre
fersilber igarle {Fekil 3a - d).

Billeganier:

intraklastar, daha agik renkli mikritis matriks icerisinde bolluklan yiizde 30 lare wlasan, bayutlar tdrkag
on pm'den birkag mm*ye varan kégeli, yvar-kdsell koyu renkll meikritlk tameqkler seklincedlr, Mckritik bir

by



kayacin pargalanmasi we bu parcalann tekrar mikrltlk kle matriks e Igerlsinde tutturulmass ile
olusmuglardr [3ekil 3a, b we d)

Biyokiastlar, bolluklar vizde 5'den a2 boyurlat yar ver 5 men'ye varan aglk renkh kasda pargalandie [Sekil
ach

Koyu kahwerenkll benekler, bovutlan mm'ye varan yovarlaklagrmig kogeli oksitlesmiz demirll mineral
kalimtilancr (5ekll 2k, ¢ ve d).

Mikritih matriks, kevu retkiidie yer yer boyotlan birkkag pm*ye varan pelatierden | koyu grimsi renkli kgl
kalsit topguban] alugur.

Kayag Adi: Mikritik kiregtap

tekil 2. 17537 nolu srnepine ait Inoe keslt fotofraflan. Mikeltik matriks iganizsindeki daha koyu renklf
fntraklastlar {lot), mikra fosll {MF) ve koyu kahve renkli beneklerin (B) grandmies {a -d}

(1



Grredin Al rarla kirrmizs lle boyanmast sonusunda tamaming yakmenn boyandigs tespt edilmistie

v



ADH-26 38. 1 = 38.20 m

CRMEK 17538

El Numunesinmn Szellikkeri

Renk: Grineal heyaa renkli [Sekil 4},

Doku: Mlkritlk eroatriksten alusmug kayag kabnbklan birkag yi? pm'den mm'ye kadar degizen kalsit
damaroiklan taratindan agsal bir sekilde kesilmistir {5ekil $].

Dans Boyutu: ince

Kayacir birn bilesanlen %100 sk saprettiln s HO asitte képdrdr,

R

| m0r7e

Lekdl 4. 17538 nelu drmekte gbridlen mikeitik {m} wve mikeo kataklastik {mkp doku
MIKROSKOBIK SZELLIKLER

Coky: Kayac bir kisimi yer yver biyoklast iceren mikritik camurdan olusmustur {5ekil 5a, b ve c}. Kavacta
i lbre- kataklastlk doka gosteren baska bir kisin daha butbunmabktadir (Zekil 5o ve d). Kataklastik kisim,
mikritik dokulu ksmim birkag an pm'den birkag mm'ye kazeli sekilde parmlanmas ve daha aak renkli yer
yer sparitik yer yer a kritik bir ciments ile tutturulmasindan olusmaktadir. Hem mikritik dokulo kismi hem
de mikro-kataklastik dokuda ver alan mikritik parcaoklan kosen kalsit dolgulu damarciklar mevcuttar,

Ellaganier
Kayaoin ane govdesi mikritik [m] boyuttaki camur ve idndeki blyoklastlardan olusur (Sekll Sa, b ve c).

Blyoklastlar (b}, Boyutlan hirkag mm'ye varan yovarlagamese kawio (2) parfalanndan atugor (Sekil 11b ve ).

-

Ecaltuklan yer yer yizde 10 a varr,



Ekstraklast [g}, baoyutlan ver yer birkac yiiz pm'yve ulasan, kigeli parcalar scklindedir [Gekll 11 a v d).
Belluklar wiarcde 2.5 sivarindadr.

Kalsit kristalleni, kileal damarlar boyunca birkag farkn fazda olusmuslardir [Sekil 11a ve bl.

Kayac Adis Yer yer kataklastik dokw gésteren blyoenikritik kiregtas

COrnegin Allzarln kirmizisile hoyvanmas: sonuoanda %52'den fazlasimn boyandif tespit edilmistlr,

Sekil 5. 17528 nolu érnefine alt nce keslt fotodrafiar, Bivoklast (bio?}igeren mikritik {m} dokunun (a ve
b, mikro kataklastik dokunun (mk} gérondmiler (o ve d]

rnegin Alizarin kirmnizsl ile bayanmas sotucunda %88 den fazlasinn boyandigs tespt edilmistie

b



ADD-124 105.60 — 105.80 m

CRMNEK HO: 17539

El Mumurtesinin dzedhieri

Renk: Beyaam srkrem renkli Grnmgin bat kesmlar kiemicams alarak gocil e [Sedal G,

Doku: Kayag tamamen mikrtik camurdan itibaren olusmustur (Sekil &) Kavas birbinre parabel ve ba
paralel catlaklan dike yakin rastgele kesen ve kalinhklan yer yer mm'ye varan kalsit damarlar tarafindan
kasilmlstir [Sakil B},

Dane Bayutu: Ince

Kavag %10 vk seyrektilmis HO asttte RApGF]r,

ekl 6. 17539 nolu drrek

Ml KROSKOM K OZELLIKLER

Dok PMikritik boyvotlardaki kalsit kristallerinden clusan matriks igensinde  boyutlan bitkag pm'yve varan
acik renkli Blyoklastlar [7] Bulenur [Sekil 72, B). Kkl catlaklarie Bir kesma kabve renkll demicli mikelteie
deldureel mustur. Kirmizims renk bu kikcal catbaklans yopun oldugu kisimlarda gonilir,

BHaganbar:

Biyaklasllan (73, boyuthar Bltkag prm've varan Birems), basik clipsoldal agnk renkli bilesenberdin |Hekil T,

b]. Balluklan ylizde 1-2 gibidir.

i~



It kabsit kristallen, kayag afustuktan senrs ki dénemde kayaci kinklan Boyunes alusmuslardie
Kikcal catlaklar bayuncs vogun kahverengimesi demirll miskritber balunur,

Matriks, mikritik kalsit kristallerinden alusur, koyu renklidir.

Kyl Ade: Mikrltik kiregtag

Umedin slizann kirei2es e boyanmas sonycnnda %98 dan fazlasinn beyardi@l tecplt edilmlgtir,

pukil 7. 17535 nole drnefine alt ince kesit fotofraflap. Mikeltk matriks icerisindek yulvarlafirns
biyeklastlar le milkrltik rmakriksi kesen kalsit ve damleli moikrillerin ganindmi {a ve 3}

[,

T

Orngdin Allzarin lonmizs ile bayanmas senucunda %38 dan fazlasinn boyaradg vespit edilmistic



ADD-1ZA 139,70 - 139,80 m

BRNEK 17530

El Mumunesinin Sxelifberi

Rank: Aok renkli droek beyazims-heem renbdidir {5akil 8).

Daoku: Mikritik camurdan alugrmus kayag boyatlan mmden emye varan kiseli van kdseli mikritk hamurla
hemen hérmen aymi renkte intraklastlze igerir {5aki 8).

ane Boyutu: ince

Kavacin tirn bilegenlen 510" |uk sayrelllimis HO asitte kopardr

Sekil B 17540 naby drnegl kesen kalsit damerlar) le drekie pirlen bivoklastlar
MIKROSKOBIK SZELLIKLER

Doku: £ayac mikritik camur matnks icerlsinde boyutlan birkag yiiz pev'dan Birkag cm'ye biyoklastlar [k
birkag on pmifye varan peletlerden olusmuosior [Sebi] 3a - ).

Blesenler:

Biyeklastlar |bio), bolluklan yizde 25'den az, boyutlan birkag om’ye varan agik renkli ka parcalardr
(Sekil 3a - dJ.

Mikritik matriks, kay renklidir yer yer boyutlan birkae on pmye varan pelet|erden olusur,

»

f..-"'



Kpyag Adi: Biyomkeltik kiregtas

Sekil % 17540 nolu Srnegine ait Ince kesit fotaghafian. Pelled Igeren mikritik matrlks Igerisindeki
blyollastlarin [a - d} gdriiniimleri

i

Ornegln Alizarin kirmizisole Bevanmas senucunda %9%'dan Fazlasmin boyandig tesplt edilmigtir.

v
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ADD-118 27,90 = 2750 m

ORNEK NO: 17541

El Nurnunesinh &zedlikheri

Renk; Koyw grimsi baglayicr igariside bayazims) var-kageli pargalar [Sakil 2).

Doku: Kataklastlk doku pécteren kayacta akiskanliardan aerlde kalan koyu prims matcks iensinge
boyutlar % mm ile  om arasmda vari-kogell bevanmss renki parralar ghruliir. Kayag kataklastik
pargalanmadan sonra kalinhg yer yer mm varan kilcsl kalsit darmarlar tarafiniian kesilmigtir (Sekit 2).

Dane Boyutu: Ince-crta- Irj

Kayaqin beyazims bllesenlari %107 ok seyraltitmis HO| asitte fek #t kopirdrken koyy grimsi matnks beyaz
Kisirmlara gére daha fazla képdrir,

ekil 2. 17541 malu Srpek
MIKROSK ORI K JZELLIKLER

Doku: Makroskoblk olarak kataklastik doku gosterlr, kayacin ana ghvdesinden neomorfitmaya ugrayvarak
sedunlukla dalomitlesmis acik renkli, boyutlan birkag yiz pm ile cm arasinda, kiselr, yari-kdseli pargatar
geriye kalm st Kriptakristalen kovu gri renkli matirks kavaon Pargalanmasina v peamorflimaya neden

olan akigkanlarin kalatesider (Sekl 33 - d),

e



Bilagenier:

Colomit [dj, birkagp wiiz KM varan yari-0g, ar gekikiz kristaller halinde neomerfizmann Gring olay sk
beyazims kayag parcalannda gérolir, {Sekil 3a- d).

kalsit, baz beyazims: kayag parcalannda neamorfizma Socesi ilksel kayzetan ttibaren kalan kristallerdiy.

Koyu gri-kahverengimsi matrlks ilksel kayas parcalayan ve meomorfizmse tlusumuna meden olan
#kiskanlardan arta kalan detnirli-kalsitli krlpbokristalen brlagendir (Sekl 2a - d}

Kayag Ads: Dalomitl] parcalar igeren katakiashk [ata) bres

ekl 3. 17541 nolu @megine afl ince kesit fotoprafiar. iksel kayac pargalayan akiskanlarcan geride kalan
demi|-kalsitli kabverengimsi keiptokristalen matrriks frerisinde necmorfzma sehder olusmug dalomit

kristallerinin gécindmi (3 -d)
e



Ornegin Allrarin ke (le byanmas sony tunda kayagtaki beyvazims renkli par-hisel, kiyeli kayao
parcalarimn bir kismimn boyanmamg slmass delomterden id, yvaklajik yirzde 30-35] oluslugunu
@it erivken boyan s Lisimilan bl kismoni kayagla neamarftimaya ugramamis lksel kayactan kalan
kalsitler ke demidi-kalslth kahwerenkli matelks olugturur.

5;.‘@



ADD-118 57,80 -572.70m

EIRMEK 17542

El Numutesinin Szellikleri

Renk: Acik siitli kahverenglmsidir (Sexil 49,

Droku: Mikritlk camurdan sltismus kavag kalindidan kicaldan cm'ye waran kakit damarfan tarsfndan
kesilmigtle [Sekil 4}.

Dang Boyutu: Inze

Kayacin tim bllegenleri %10'uk seyraitim Is HO asitte kdpirdr.

Sekll 4, 17542 naly Gk
Wi KROSKORBIK GZELLIKLER

Dabw; Kavac mikelelk camuerdan iy gmustur (hekil 5a ve b, Kavao kalslt krictallering dofdurdugu krlzal
gatlzklar agsal olarak kesmistir [Sekil Ga ye b}.

Bilesenter Q/
~



Kayacrn any gévdesd in kritik [m) bovutlaki Carnur va igdndeki birkag on pum boyvutundaki peletierden alygus
(Sekil Savab).

Ekstraklast, hoyutlan yer yer birkae vz pmiye ulagan, kagell pargalar seklindadic {Sekil 5 2 ve t}, Boliukiar
yizde 2-T cvarindagt.

K3kt kristafler|, kilcal damadar beyunes birkag Farkl fazda olrgmuslardr {5ekil 5a v k).

Kayas Adi: Milaitik kirestas:

Tekil 5. 17538 nolu dracgine 21t ince kesit fotegraflar. Boyutfar blrkag yiiz umrve varan skstraklastar ile
pelled icaren mlketik matriksi kesen kilcal kalg damarlarsrum {a ve b) gardnimler,

Ornegin Allzarin kirmigis bovanmas) sonucunda tamarung vakiriruty boyandif) bespit edilmistic

o



ADC-11D 156, %0 = 157.00 m

URNEK MO: 17543

El Numunesinin Szellideri

Renk.: Grimsi-sthtlip kzhverengimsd [Sekil 6},

Doku: Kayag tamamen mkritik matriksten itibars cluzmugtur [Sekit £]. Kayag kalinhklan MIm"ye @i
kahverenglmsi damarsiklan tarafindan agsal bir sekilde kesilmiztic [$ekil ).

Dane Boyutu: ince

Kayag #1071k seyreftilmls HC| asitte k&plirir

7akil 5. 17543 nolu Brpek

MIKROSKORIK SZELUKLER

Doku: Kayag yer yer bivoklast va koyu mukritik dokyly kirectagmin birkag on pm'den birkag mmye kiseli
gekilde pargalinmase ve daha ack renkli ver wer mikritik yar yer de mikrospantik bir cimento ile
trtturulmagmdzn {mikeo- kataklastik doku) aluzmustur ($ekll 72 ve B] Kayar kabyve renkli demirli-kalsft
dolguhe, kanlig yer yer mm varan damarciklar tarafrmdan aZsal alarak kesilmistic {Sekil 7 b,

Bllesunler: c}/

-



kayag mikritik matriksten alusmugstur [Sekil 7a ve k).

Bivoklastiar, bayullar blrkag yiiz um'ye varan vuvariagmss kavi (7] pargalarndan olusor. Bolluklan Wer
yer yizdde F'oya vary,

intraklastlar, boputlar ver yer birkag vz pmye ulasan, kissell koyu renkli mlkerik kiregta parcalan
seklindedir (Zakil 7a ve b). Bollukdar yer ver yiade S0°lere vanr,

Demidi-kaltitler ileal damarlar boyunca kayac agsal olarak kesmilstir iSakil ¥h). Kalnliklan tirkas an pm
ile mirn arasnwladir.

Kayag Adv: hMikrltik klrestas:

Sekil 7. 17543 nolu Srne@ine ait ince kesit Iotograflar. Mikritik matriks jcerisindeki intraklastiann
Bérdndmi {a - b,

trnegin Alizarn ¥irmizen ile koyanmasl senucurdda tamamina vakinin busdandid tespit edilmigtic



ADD-84 1050 - 11.00 m
SRNEK 17547
El Mumunesinin Szallkderi

Renk: Koyu grimsl kristallen keyu yesilimzl kahverenkli ve ver yer pas renkl dalpulu damaroklarla
kesilmigtir [Sekil 8).

Doku: Granoblastik dokelu orreedi i kalsit krist alleri alugturur. Iri kalslt kristailar) ke v yer ver pas renk||
damatcrklar tarafindan afssl sekilkfe keshlmighir {Sakl £).

Dane Boyuu: in

Kavag %10%1ok seyreltilmis HO asitte kopiri.,

Sekil 8, 17547 naly &rmek



MIKROEKCHE] K O2ELLIKLER

Doku: Grancblastlk dakvlu kayac) bayutlar ver yer mm vz varah Kalsit keenarmarflar elygtarur (Sekil 9a -
tll. Kayag yer yer diizensiz havuzcuklar alustumaus demir oksitli killi damarciklar tarafindan keslmistir
{Sekil 9 ye d).

Bigzankar:
Kalsit keenomorflan, yed yer mm boyutlarina vanr [ 5akil 93 — d}.

Koyu katrerenkll, akiskantardan arta kalan yer per pac renginde demir aksitli, kill damar dolgusu [Sekil
Gg-d]

Kayss Adi: Merngr

aekil8. 17547 nolu Smegine altince kesit fobograllan . Grancblastik dakuyu clusturan kaisit ksenomarflar
ile kayac kesen akigkanlardan geriye kalms denni eksithi, kil dhodgela i gérd riamii

by,



e wamn

Crnedin Afizarin kirmizis le hayanmasi sonucunda yer ver tamamunn (mn safidakl kayag pargas) ver ver
#3dan fazlasinin (en saldaki ince kesit] ve ver yer de %E0 rinclen fazlasinm (sagdaki fotonun soldakl
pargasy bovendigl tespit edilmistlv. Homojen olerak Sroskte dailmayan dalomitlarln artalama miktan

%107dan daha ar alarak tesplt edilmistir.

-
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Tel: +27 (0) 11 923 0800 Fax: +27 (0) 11 392 4715 web: www.amis.co.za
11 Gewel Street (off Hulley Road), D1 Isando Business Park, Kempton Park, 1609
P.O. Box 856, Isando, 1600, Gauteng, South Africa, a division of the Set Point Group

AMIS0250

Certified Reference Material

Fluorite, Witkop Flourspar Mine
Zeerust, South Africa

Certificate of Analysis

Recommended Concentrations and Limits'2
(at two Standard Deviations)

Certified Concentrations

FISE* 899 + 046 %
UMICP 65 *+ 08  ppm
Specific Gravity 2.93 + 0.08

Provisional Concentrations

ThMICP 120 #+ 022 ppm

1. Manufacturers recommended limits for use of the material as control samples, based on two
standard deviations, calculated using “Between Laboratory” statistics for treatment of the data
for trivial, non-trivial and technically invalid results. See sections 1, 9 and 12.

2. There is additional certified major element data presented on p2 and uncertified trace element
data presented as an appendix.

3. Or, by applying a chemical conversion factor Fx2.0547= CaF,, CaF,= 18.472%

Directors:GJ Horsfield (CEO), MD Evers (CFO)(British), SJ Ingram, K Gerber,
M McWha, N Robinson, MH Snelling, J Vassiloudis, D Williams



Major Element

Recommended Concentrations and Limits
(at two Standard Deviations)

Certified Concentrations

CaO 36.32 * 042 %

Fe,O; 293 + 0.06 %
MgO 1477 + 090 %

MnO 084 + 0.06 %

Si0, 393 £ 020 %

LOI 3350 = 060 %

Provisional Concentrations
ALO; 044 * 010 %

Informational Means

K:O 012 %
P,Os 0.04 %
TiO, 0.02 %
1. Intended Use: AMIS0250 can be used to check analysis of samples of fluorite bearing

rocks with a similar grade and matrix.

It is a matrix matched Certified Reference Material, fit for use as control samples in routine assay
laboratory quality control when inserted within runs of samples and measured in parallel to the
unknown. Its purpose is to monitor inter-laboratory or instrument bias and within lab precision. It
can be used, indirectly, to establish the traceability of results to an S| system of units.

The recommended concentrations and limits for this material are property values based on a
measurement campaign (round robin) and reflect consensus results from the laboratories that
participated in the round robin.

Slight variations in analytical procedures between laboratories will reflect as slight biases to the
recommended concentrations (see 19). Good laboratories will report results within the two standard
deviation levels with a failure rate of <10 %.

The CRM can also be used for method development and for the calibration of equipment.

2. Origin of Material: AMIS0250 is a commissioned CRM made up of material supplied by
ENRC from the Witkop Flourspar Mine; 18km south of the town of Zeerust and 115 km west of
Rustenburg, in the North West Province of South Africa. The Witkop fluorspar deposits are large
bedded replacement deposits of the classical Mississippi Valley type. They occur in the Transvaal
Basin, within 2550 million year old dolomites of the Malmani Subgroup, Transvaal Supergroup.
Fluorspar mineralisation occurs mainly associated with stromatolites in the Middle Frisco Zone and
appears to have been introduced post deposition by hydrothermal brines. The fluorite occurs as a
filling in permeable beds; within small gas cavities in the stromatolites.

3. Mineral and Chemical Composition: Mineralogically this ore is primarily dolomite with
fluorite. Major other minerals are calcite, mica, and talc (3% to 10%); with traces of quartz,



sulphides and chlorite. The sulphides make up <3%, dominantly pyrite, with minor pyrhotite,
sphalerite and galena.

4, Appearance: The material is a very fine powder. It is colored a Medium Light Grey
(Corstor 10Y 6/2).

5. Handling instructions: The material is packaged in Laboratory Packs and Explorer
Packs that must be shaken or otherwise agitated before use. Normal safety precautions for
handling fine particulate matter are suggested, such as the use of safety glasses, breathing
protection, gloves and a laboratory coat.

6. Method of Preparation: The ore is crushed, then dry-milled and air classified to 100%
<54y. This fine powder is mixed in a blender for 14 hours and then split down into numbered 1 kg
tubs. These lots are sampled for quality control and for round robin analysis. Quality control will
typically comprise sampling 30 tubs selected from the whole stream. Round robin samples are
selected the same way, so that one laboratory will receive samples from the beginning, end, and
from throughout the batch.

7. Methods of Analysis requested:

Fluoride — lon Selective Electrode.

Multi element scan to include U & Th. Multi-acid total digestion, ICP-OES or ICP-MS.
Majors ( Al,O3, Ca0, Cr,03, Fe,03, K,0, MgO, MnO, Na,O, SiO,, TiO,. LOI. ) XRF fusion.
SG ( gas pycnometer ).

Pop=

8. Information requested:

State and provide brief description of analytical techniques used.

State aliquots used for all determinations.

Results for individual analyses to be reported ( not averages )

All results for Rare Earth Elements to be reported in ppm (not as oxides).

All results for multi-element scans to be reported in ppm.

All results for major elements to be reported in %, as oxides.

Report all QC data, to include replicates, blanks and certified reference materials used.

Nogak~wN =

9. Method of Certification: Sixteen laboratories were each given eight randomly selected
packages of sample. Fourteen of the laboratories submitted results.

Final limits were calculated after first determining if all data was compatible within a spread
normally expected for similar analytical methods done by reputable laboratories. Data from any one
laboratory was then removed from further calculations when the mean of all analyses from that
laboratory failed a “t test” of the global means of the other laboratories. The means and standard
deviations were then re-calculated using all remaining data. Any analysis that fell outside of the
new two standard deviations was removed from the ensuing data base. The mean and standard
deviations were again calculated using the remaining data.

The “between-laboratory” standard deviation is used in the calculation to eliminate technically and
statistically invalid data. Upper and lower limits are based on the standard deviation of the
remaining data, which reflect individual analyses and can be used to monitor accuracy in routine
laboratory quality control. This is different to limits based on standard deviations derived from
grouped set of analyses (see 12), which provide important measures for precision and trueness,
but which are less useful for routine QC.

Standards with an RSD of near or less than 5 % are termed “Certified”, RSD’s of between near 5 %
and 15 % are termed “Provisional”’, and RSD’s over 15 % are termed “Informational”.



10.

were (not in same order as in the table of assays):

11.

Participating Laboratories: The 14 out of 16 laboratories that provided results timeously

O~NOoO Ok WODN -

Activation Laboratories Pty Ltd (ActLabs) CA

ALS Chemex Laboratory Group Brisbane Australia
ALS Chemex Laboratory Group Johannesburg SA

ALS Chemex Laboratory Group Perth WA
Genalysis Laboratory Services W Australia

Set Point Laboratories (Isando) SA

SGS Australia Pty Ltd (Newburn) WA
SGS Geosol Laboratories Ltda (Brazil)

SGS Mineral Services Callao (Peru)
SGS Mineral Services Lakefield (Canada)

SGS South Africa (Pty) Ltd - Booysens JHB

SGS Toronto (Canada)
Ultra Trace (Pty) Ltd WA

Vergenoeg Mining Company (SA)

Assay Data: Data as received from the laboratories for the important certified elements
listed on p1 are set out below.

Lab F u Th Al203 Ca0 Cr203 Fe203 K20 MgOo MnO Na20 P205 Si02 S03 TiO2 LOI SG
Code ISE M/ICP M/ICP XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF | pycnometer

% ppm ppm % % % % % % % % % % % % %

A 8.66 0.23 6.14 3.31 0.12 15.38 0.98 0.05 3.74 33.42 2.94

A 8.91 0.27 6.12 3.39 0.12 15.40 0.96 0.05 3.79 33.34 29

A 8.76 0.33 6.18 3.38 0.12 15.88 0.98 0.05 3.89 33.36 2.9

A 9.00 0.22 6.02 3.32 0.12 15.37 0.98 0.05 3.68 33.35 29

A 8.81 0.28 5.95 3.33 0.12 15.36 0.98 0.05 3.79 33.25 2.94

A 9.00 0.27 6.00 3.28 0.12 15.18 0.98 0.06 3.76 33.24 297

A 8.86 0.28 36.13 3.34 0.12 15.43 0.99 0.05 3.76 33.13 2.93

A 8.81 0.28 35.80 3.31 0.12 15.44 0.99 0.05 3.72 33.12 2.94

B 9. 6.35 1.40

B . 6.5 1.30

B 6.6! 1.30

B A 6.2 1.40

B .40 6.61 1.40

B .68 6.97 1.30

B .42 6.91 1.30

B 9.29 6.53 1.30

C 5.70 1.10 2.94

C 6.30 1.20 29

C 6.00 1.20 2.94

C 5.90 1.10 29

C 6.20 1.20 29

C 6.10 1.20 2.92

C 6.70 1.20 2.88

C 5.80 1.10 2.93

D 9.03 5.05

D .18 5.47

D .10 4.80

D .92 5.00

D 12 5.09

D .04 5.05

D .00 4.88

D .90 5.06

E 0.67 4.59 0.04 4.12

E 0.67 4.59 0.0: 4.08

E 0.68 4.58 0.0: 4.10

E 0.67 4.57 0.0: 4.09

E 0.71 4.66 0.0: 4.35

E 0.67 4.57 0.0: 4.09

E 0.66 4.57 0.03 4.16

E 0.67 4.58 0.03 4.11

F 7.81 6.81 1.24 0.41 36.50 2.93 0.11 14.60 0.79 0.06 3.98 0.02 33.10

F 7.40 6.57 1.17 0.40 36.60 2.96 0.11 14.50 0.80 0.06 391 0.02 32.80

F 8.14 6.59 1.19 0.41 36.60 2.93 0.11 14.60 0.79 0.06 3.97 0.02 33.00

F 7.26 6.46 . 0.40 .50 .94 0.11 4.50 0.80 0.05 .90 0.02 .90

F 7.75 6.90 . 0.40 .50 .94 0.11 4.50 0.80 0.05 .88 0.02 .00

F 7.6 6.7: . 0.4 .60 .95 0.10 4.60 0.80 0.05 .96 0.0; .00

F 7.7 6.5 . 0.4 .50 .95 0.11 4.60 0.80 0.04 .98 0.0; .70

F 7.5 6.8! . 0.4 .60 .93 0.11 4.60 0.79 0.05 .94 0.0; .50

G K 6.90 1.30 0. .50 2.95 0.10 14.45 0.84 0.02 .96 .34

G . 7.10 1.40 0. .20 2.90 0.10 14.25 0.82 0.03 .94 .00

G . 7.80 1.60 0. .00 2.89 0.10 14.15 0.82 0.03 .89 .34

G X 7.10 1.30 0. .30 2.92 0.10 14.30 0.83 0.02 .8 .52

G 1 7.00 .40 0.37 .70 .98 0.10 4.40 0.84 0.02 4.0 3.

G 7 6.60 .30 0.38 .20 .93 0.10 4.25 0.82 0.02 4.1 3.

G .0 6.80 .30 0.41 .70 .02 0.10 4.45 0.84 0.0 4.4 32.4

G .6 7.70 .40 0.36 .10 .89 0.10 4.20 0.82 0.0 .86 32.

H 8.21 1.40 0.42 36.40 2.95 0.10 15.00 0.84 0.02 3.9 .80

H 7.87 1.40 0.44 .30 0.02 2.90 0.11 15.00 0.85 0.04 4.0 0.02 .70

H 8.06 1.30 0.43 .60 0.01 293 0.10 14.90 0.85 0.05 3.94 0.01 .70

H 8.50 1.30 0.44 .70 0.02 2.95 0.10 15.00 0.85 0.04 3.9 0.01 .70

H 7.65 1.30 0.44 .90 0.01 2.97 0.11 15.00 0.86 0.04 3.99 0.02 .70

H 8.88 1.20 0.42 6.30 2.90 0.10 14.90 0.83 0.02 3.83 0.02 33.80

H 8.50 1.20 0.44 6.40 0.01 2.94 0.10 14.90 0.85 0.03 3.92 0.01 33.80

H 8.45 1.30 0.44 6.90 2.93 0.10 15.10 0.87 0.04 4.01 0.01 33.80




Assay data (cont)
Lab F u Th AI203 CaOl Cr203 Fe203 K20 MgO MnO Na20 P205 Sio2 S03 Tio2 LOI SG
Code ISE M/ICP M/ICP XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF XRF pycnometer
% ppm ppm % % % % % % % % % % % % %
| .15 5.70 0.80 0.49 .16 291 0.11 14.53 0.85 0.0¢ 0.05 .85 0.02 .65 2.98
| .14 .00 1.10 0.50 .16 2.90 0.11 14.56 0.85 0.0 0.05 .90 0.02 .75 2.96
| .17 .00 1.00 0.4¢ .37 2.91 0.11 14.64 0.85 0.0 0.05 .87 0.02 .65 2.94
| .22 .80 1.00 0.4 .11 2.88 0.11 14.53 0.85 0.0! 0.05 .89 0.02 .66 2.94
| .23 .70 1.00 0.4 14 2.88 0.11 14.50 0.85 0.0 0.05 .91 0.02 .66 2.97
| .24 .00 1.10 0.51 .11 2.88 0.11 14.58 0.84 0.05 0.05 .88 0.02 .54 2.98
| 9.14 6.00 1.00 0.50 36.08 2.88 0.11 14.56 0.85 0.04 0.05 3.88 0.02 33.58 2.95
| 9.11 6.20 1.10 0.50 36.18 2.89 0.11 14.56 0.85 0.05 0.05 3.87 0.02 33.58 2.95
J 6.50 1.20 2.83
J 6.70 1.10 2.85
J 6.90 1.30 2.88
J 6.70 1.00 2.89
J 6.60 .00 .88
J 6.70 .50 .85
J 7.30 .10 .87
J 6.80 .20 .86
L 9.34 6.96 1.2 2.89
L 8.9! 6.89 1.2. 2.89
L 9.0: 6.87 1.2: 2.89
L 9.8 6.68 1.1 3.01
L 9.2! 6.64 1.1 2.94
L 9.47 6.67 1.16 2.99
L 9.74 6.18 1.18 2.89
L 9.11 7.13 1.22 2.93
M . 6.90 1.90 0.48 .68 0.01 15 0.01 15.76 0.92 0.04 0.04 .85 0.0 .84 .93
M . 7.60 1.20 0.44 .41 0.01 .18 0.02 15.80 0.92 0.07 0.04 .87 0.0: .84 .96
M . 6.80 1.10 0.47 .50 0.01 17 15.85 0.92 0.04 0.04 .87 0.0: .81 .01
M 3 6.20 1.20 0.49 .44 0.01 .16 0.02 15.66 0.92 0.06 0.04 .84 0.02 .75 .02
M .0’ 6.50 0.90 0.41 .74 0.01 14 0.02 15.74 0.91 0.07 0.04 .90 0.02 .81 .95
M .09 7.30 1.10 0.41 .56 0.01 .18 0.01 15.71 0.91 0.04 0.04 .81 0.02 77 .01
M 8.87 7.40 1.00 0.48 36.38 0.01 3.13 0.01 15.86 0.91 0.05 0.04 3.81 0.02 33.77 2.96
M 8.84 6.40 1.00 0.47 36.37 0.01 3.16 0.01 15.66 0.91 0.04 0.03 3.89 0.03 33.80 2.94
[¢] 77 6.50 1.30 0.41 .30 0.01 2.95 0.11 14.50 0.85 0.0: .91 1.70 0.01 .25 2.84
] .79 6.70 1.30 0.40 .30 0.01 2. 0.11 14.50 0.85 0.0: .89 1.7 0.01 .4 2.86
[} .83 6.30 1.20 0.40 .10 0.01 2.! 0.11 14.55 0.85 0.0: .86 1.6 0.01 . 2.88
[¢] .90 6.30 1.20 0.41 .30 0.01 2. 0.10 14.50 0.85 0.0: .86 1.7 0.02 . 2.87
[} .75 6.60 1.20 0.40 .30 0.01 2.95 0.11 14.55 0.86 0.0: .90 1.71 0.01 .80 2.88
[} .76 6.70 1.30 0.40 .20 0.01 2.95 0.11 14.50 0.85 0.0: .86 1.74 0.01 .53 2.87
] .70 6.30 1.20 0.40 .40 0.01 2.95 0.11 14.55 0.85 0.0: .93 1.75 0.01 .73 2.88
[¢] 8.61 6.40 1.20 0.40 36.30 0.01 2.93 0.11 14.60 0.86 0.03 3.93 1.74 0.01 33.58 2.88
P 9.11 6.40 1.20 0.51 36.10 2.99 0.1 14.50 0.86 4.04 1.60 0.03 .73 2.95
P 9.17 6.40 1.10 0.51 .20 2.95 0.1 14.50 0.85 4.0 1.58 0.03 77 2.95
P 9.22 6.30 1.20 0.51 .10 2.94 0.1 14.40 0.85 3.94 1.52 0.02 .76 2.96
P 9.08 6.10 1.10 0.54 .10 2.95 0.1 14.50 0.85 4.1 1.52 0.03 .68 2.94
P 9.07 6.60 1.20 0.49 .20 3.00 0.1 14.40 0.84 3.9 1.55 0.03 .66 2.95
P 8.52 6.20 1.00 0.49 36.10 2.96 0.18 14.40 0.84 3.91 1.44 0.03 33.78 2.98
P 8.95 6.70 1.20 0.50 36.40 2.97 0.18 14.60 0.85 4.06 1.56 0.03 33.65 2.95
P 8.47 6.40 1.10 0.48 36.20 2.95 0.18 14.50 0.85 3.92 1.57 0.02 33.71 2.95
12. Measurement of Uncertainty: The samples used in the certification process were

selected in such a way as to represent the entire batch of material and were taken from the final
packaged units; therefore all possible sources of uncertainty (sample uncertainty and measurement

uncertainty) are included in the final combined standard uncertainty determination.

The uncertainty measurement takes into consideration the between lab and the within lab
variances and is calculated from the square roots of the variances of these components using the

formula:

Combined standard uncertainty=sqrt((between lab.var/no of labs) + ( mean square within lab.var /no of assays))

These uncertainty measurements may be used, by laboratories, as a component for calculating the
total uncertainty for method validation according to the relevant ISO guidelines.

Ao =~

Analyte Method Unit S ' oL 2 Sw 3 CSU *
F ISE % 0.232 0.159 0.162 0.057

U M/ICP ppm 0.391 0.270 0.258 0.090
Th M/ICP ppm 0.110 0.077 0.064 0.024
Al203 XRF % 0.049 0.052 0.016 0.020
CaO XRF % 0.209 0.162 0.139 0.060
Fe203 XRF % 0.032 0.025 0.025 0.011
K20 XRF % 0.026 0.030 0.003 0.011
MgO XRF % 0.449 0.459 0.071 0.163
MnO XRF % 0.034 0.038 0.007 0.014
P205 XRF % 0.008 0.009 0.003 0.004
Si02 XRF % 0.100 0.082 0.054 0.028
TiO2 XRF % 0.006 0.006 0.004 0.003
LOI XRF % 0.301 0.284 0.118 0.102
SG pycnometer 0.043 0.036 0.025 0.013

S - Std Dev for use on control charts.

OL - Betw Lab Std Dev, for use to calculate a measure of accuracy.
Sw - Within Lab Stc Dev, for use to calculate a measure of precision.

CSU - Combined Standard Uncertainty, a component for use to calculate

the total uncertainty in method validation.




13. Certified values: The Certified, Provisional and Indicated values listed on p1 of each
certificate fulfill the AMIS statistical criteria regarding agreement for certification and have been
independently validated by Dr Barry Smee, BSc, PhD, P.Geo, (B.C.).

14. Metrological Traceability: The values quoted herein are based on the consensus values
derived from statistical analysis of the data from an inter laboratory measurement program.
Traceability to S| units is via the standards used by the individual laboratories, the majority of which
are accredited, who have maintained measurement traceability during the analytical process.

15. Certification: AMIS0250 is a new material.

16. Period of validity: The certified values are valid for this product, while still sealed in its
original packaging, until notification to the contrary. The stability of the material will be subject to
continuous testing for the duration of the inventory. Should product stability become an issue, all
customers will be notified and notification to that effect will be placed on the www.amis.co.za
website.

17. Minimum sample size: The majority of laboratories reporting used a 0.5g sample size for
the ICP. This is the recommended minimum sample size for the use of this material.

18. Availability: This product is available in Laboratory Packs containing 1kg of material and
Explorer Packs containing custom weights (from 50g to 250g) of material. The Laboratory Packs
are sealed bottles delivered in sealed foil pouches. The Explorer Packs contain material in
standard geochem envelopes, vacuum sealed in foil pouches.

19. Recommended use: The data used to characterize this CRM has been scrutinized using
outlier treatment techniques. This, together with the number of participating laboratories, should
overcome any “inter-laboratory issues” and should lead to a very accurate measure for the given
methods, notwithstanding the underlying assumption that what the good inter-laboratory labs
reported was accurate. However an amount of bad data might have had an effect, resulting in
limits which in some situations might be too broad for the effective monitoring of a single analytical
method, laboratory or production process. Users should set their own limits based on their own
data quality objectives and control measurements, after determining the performance
characteristics of their own particular method, using a minimum of 20 analyses using this CRM.
User set limits should normally be within the limits recommended on p1 and 2 of this certificate.

20. Legal Notice: This certificate and the reference material described in it have been
prepared with due care and attention. However AMIS, Set Point Technology (Pty) Ltd, Mike
McWha, Dr Barry Smee and Smee and Associates Ltd; accept no liability for any decisions or
actions taken following the use of the reference material.

26 June 2012

Certifying Officers:

African Mineral Standards:

Mike McWha
BSc (Hons), FGSSA, MAusIMM, Pr.Sci.Nat

Geochemist:

Barry W. Smee
BSc, PhD, P.Geo, (B.C.)
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Appendix — uncertified trace element statistics

Analyte | Method Unit Mean 2SD RSD% n
Al M/ICP % 0.24 0.03 6.98 87
As M/ICP ppm 23.63 7.27 15.38 86
Ba M/ICP ppm 56.22 15.67 13.94 95
Be M/ICP ppm 0.17 0.08 24.03 85
Bi M/ICP ppm 0.09 0.04 22.98 70
Ca M/ICP % 24.26 2.16 4.46 76
Cd M/ICP ppm 4.79 0.66 6.89 89
Ce M/ICP ppm 23.31 4.00 8.57 89
Co M/ICP ppm 4.31 0.76 8.75 90
Cr M/ICP ppm 51.36 25.92 25.24 80
Cs M/ICP ppm 0.69 0.10 7.25 70
Cu M/ICP ppm 41.11 12.31 14.97 77
Dy M/ICP ppm 0.54 0.08 6.91 38
Er M/ICP ppm 0.35 0.07 10.54 40
Eu M/ICP ppm 0.19 0.03 7.25 39
Fe M/ICP % 2.04 0.16 3.87 90
Ga M/ICP ppm 0.91 0.52 28.54 91
Gd M/ICP ppm 0.66 0.10 7.74 39
Ge M/ICP ppm 0.10 0.13 60.67 31
Hf M/ICP ppm 0.19 0.08 21.56 85
Ho M/ICP ppm 0.11 0.02 8.93 39
In M/ICP ppm 0.02 0.01 21.12 68
K M/ICP % 0.10 0.02 7.95 91
La M/ICP ppm 16.51 2.83 8.57 89
Li M/ICP ppm 7.93 1.92 12.12 81
Lu M/ICP ppm 0.04 0.02 17.58 55
Mg M/ICP % 8.64 0.83 4.78 87
Mn M/ICP ppm 6298 493 3.92 91
Mo M/ICP ppm 0.79 0.31 19.44 88
Na M/ICP % 0.04 0.01 15.02 80
Nb M/ICP ppm 0.47 0.18 19.33 84
Nd M/ICP ppm 6.24 0.59 4.75 39
Ni M/ICP ppm 14.68 6.97 23.73 86
P M/ICP ppm 158.10 50.85 16.08 79
Pb M/ICP ppm 11.36 3.84 16.90 86
Pd M/ICP ppm 4.40 0.24 2.72 8
Pr M/ICP ppm 2.11 0.27 6.35 39
Rb M/ICP ppm 4.03 0.62 7.74 80
Re M/ICP ppm 0.00 0.00 27.26 32
S M/ICP % 0.70 0.11 7.51 87
Sb M/ICP ppm 1.46 0.41 14.06 87
Sc M/ICP ppm 0.57 0.59 51.81 49
Se M/ICP ppm 0.66 0.79 60.07 39
Si M/ICP % 1.95 0.04 1.06 8
Sm M/ICP ppm 0.69 0.04 3.05 35
Sn M/ICP ppm 0.41 0.43 52.87 50
Sr M/ICP ppm 41.24 5.80 7.03 94
Ta M/ICP ppm 0.34 0.66 97.54 25
Tb M/ICP ppm 0.09 0.04 22.83 64
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SUMMARY STATISTICS

Recommended Concentrations and Limits
(at two Standard Deviations)

Major Oxides

Certified Concentrations

5Two Standard

Analyte | Method | “Certified(p) deviation (2s) + Unit
Al203 XRF! 0.80 0.11 %
Ca0 XRF! 48.31 1.67 %
Cr20s XRF! 0.378 0.030 %
Fe20s XRF! 0.782 0.13 %
K20 XRF! 0.03 0.01 %
MgO XRF! 0.833 0.071 %
MnO XRF! 0.05 0.01 %
SiO> XRF! 10.1 0.68 %
CCE | ASTM C25° 86.60 1.95 %
LOI LOPR 38.71 0.39 %

Provisional Concentrations

Analyte | Method | ®Provisional ;Z‘\',"Igtls;ﬁr;gz;i Unit
Na:O | XRF! 0.02 0.01 %
SOs XRF! 0.05 0.03 %
TiO2 XRF! 0.05 0.02 %




1. Certified Concentrations and Uncertainties

AMIS0461 is a new standard material, developed and certified in May, 2017. Table 1 gives the certified
major oxides concentrations, combined and expanded uncertainty for certified reference material. Table
2 shows the provisional major oxides concentrations, two standard deviations, combined and expanded
uncertainty.

Table 1. Certified major oxides concentrations, two standard deviations, combined and expanded

uncertainty.
- % 5Combined 5Two Standard "Expanded .
Analyte Method ‘Certified(u) | N n k RSD | uncertainty (uc) deviation (2s) + uncertginty (U) £ Unit
Al203 XRF! 0.80 14 | 112 | 2.16 6.9 0.055 0.1 0.1 %
CaO XRF! 48.31 15120 | 2.14 1.7 0.837 1.67 2 %
Cr203 XRF! 0.378 7 56 245 | 4.0 0.015 0.030 0.04 %
Fe203 XRF! 0.782 151120 | 2.14 8.3 0.065 0.13 0.1 %
K20 XRF! 0.03 11| 84 | 2.23 | 185 0.006 0.01 0.01 %
MgO XRF! 0.833 12 | 96 2.20 4.2 0.035 0.07 0.1 %
MnO XRF! 0.05 9 72 2.31 11.0 0.005 0.01 0.01 %
SiO2 XRF! 10.1 13 1 104 | 2.18 3.4 0.34 0.68 0.7 %
CCE ASTM C253 86.60 2 16 | 12.71 1.1 0.976 1.95 12 %
LOI LOI? 38.71 14 | 112 | 2.16 0.5 0.194 0.39 0.4 %
Table 2. Provisional major oxides concentrations, two standard deviations, combined and expanded
uncertainty.
. % 5Combined 5Two Standard "Expanded .
Analyte | Method | *Provisional | N | n k RSD | uncertainty (uc) deviation (2s) £ uncertginty ((UF Unit
Na20 XRF! 0.02 6 | 44 | 2.57 | 331 0.006 0.01 0.02 %
SOs3 XRF! 0.05 5 140 | 2.78 | 29.5 0.014 0.03 0.04 %
TiO2 XRF! 0.05 11 185 (223 | 174 0.009 0.02 0.02 %

PwbhPE

XRF is X-ray Fluorescence

LOl is Loss on Ignition

CCE is Calcium Carbonate Equivalent, ASTM is American Society for Testing and Minerals

The certified value , is an unweighted grand mean of the means of N accepted sets of data from different
laboratories and n number of test sample replicates. The certified value is traceable to Sl units and is reported
on a dry basis.

The combined uncertainty of the certified value is the within-laboratory reproducibility standard deviation
derived from the analysis of variance of results from N number of laboratories and n number of sample
replicates.

The two standard deviations (2s) is calculated as for example: uc x 2 = 0.23 x 2=0.46%. See section 23,
page 12 for recommended use in quality control.

Expanded uncertainty (U) at a confidence level of 95% is determined by multiplication of the combined
uncertainty (uc) with a coverage factor (k) found from N-1 degrees of freedom (see Appendix 6 for t-distribution
table). Example: U = 2.36 x 0.23=0.54%.

Provisional: the reported provisional concentrations are to be used as indicative values only.




2. Intended Use

AMIS0461 is a matrix matched Certified Reference Material, fit for use as a control sample in routine
assay laboratory quality control when inserted within runs of test samples and measured in parallel
to test samples. This material can also be used for method development, use as independent
calibration verification check standard (i.e. if not used as a calibration standard in an instrument
calibration), or for validation of accuracy in a method validation exercise (see Appendix 3). The
recommend procedure for the use of this CRM as a control standard in laboratory quality control is
to develop a Shewhart chart, where a mean value and corresponding 1, 2 and 3 standard deviations
are derived from replicate measurements of the CRM (see Appendix 4). This CRM can also be used
to assess inter-laboratory or instrument bias and establish within-laboratory precision and within-
laboratory reproducibility. The certified concentrations and expanded uncertainty for this material are
property values based on an inter-laboratory measurement campaign and reflect consensus results
from the laboratories that participated in the exercise.

3. Abbreviations and Symbols
Abbreviations and symbols used in this document are shown in Table 3.

Table 3. Abbreviations, symbols and descriptions.

Abbreviation/Symbol | Description

Alpha (a) Significance level (denoted by alpha, ‘a’) of 0.05 or 5%
ANOVA Analysis of variance by statistical means

BIF Banded iron formation

CRM Certified reference material

df Degrees of freedom, typically, n-1, or N-1

Fealc Calculated F statistic from ANOVA or Fisher’s test

F-critical or Frit

F-critical value from F-distribution table

GOl

Gain on ignition

Ho Null hypothesis

H1 Alternate hypothesis

g/t Grams per tonne

k Coverage factor, e.g. k=2 for 95% level of confidence
LOC Level of confidence or confidence level
LOD Limit of detection

LOQ Limit of quantitation

LOI Loss on ignition

MS Mean squares (ANOVA)

MSb Mean squares between(ANOVA)

MSw Mean squares within (ANOVA)

N Number of labs

n Number of replicates

v Property or certified value of a CRM




Table 3: Continued

Abbreviation/Symbol | Description

p ‘p-value’ a measure of the strength of evidence against Ho

P Total number of data points in ANOVA

ppm Parts per million. Equivalent to g/t

RSD Relative standard deviation usually expressed as % at a 68% LOC

Replicates Replicg_tion is th_e repet!tion of an experimental cgndition so that the
variability associated with an analysis can be estimated (ASTM E1847)

S Standard deviation

Sr Within laboratory repeatability as derived from ANOVA

Ss Between laboratory standard deviation as derived from ANOVA

SS Sum of squares in ANOVA

SST Total variation in ANOVA

SSB Between group (laboratory) variance

SSW Within group (laboratory) variance

2s Two times standard deviation

Sl Standard International system of units

tealc Calculated t statistic from a one-sample, two-tailed t-test

t-critical or tcrit

t-critical value at given alpha and degrees of freedom

Tonne A metric ton, is a unit of mass equaling 1000 kilograms
=TINV(5%,df) MS Excel function for t-critical value at LOC 95% and df

U Expanded uncertainty at a given k

u Standard uncertainty at k=1

Uc Combined standard uncertainty at k=1

um Micron, is an Sl derived unit of length equaling 1x107% of a meter




4. Uncertified Concentration Values

Appendix 1 gives uncertified concentrations for other elements present in the CRM.

5. Units

All results for major oxides are reported as oxides in percentages.

6. Analytical and Physical Methods

A complete list of analytical and physical methods as generic method codes with a brief description of
the methods is available on the AMIS web site www.amis.co.za

7. Origin of Material

Limestone is a sedimentary rock composed primarily of calcium carbonate (CaCOs3) in the form of the
mineral calcite. It most commonly forms in clear, warm, shallow marine waters. It is usually an organic
sedimentary rock that forms from the accumulation of shell, coral, algal, and fecal debris. It can also be
a chemical sedimentary rock formed by the precipitation of calcium carbonate from lake or ocean water.

8. Approximate Mineral and Chemical Composition

Limestone is by definition a rock that contains at least 50% calcium carbonate in the form of calcite by
weight. All limestones contain at least a few percent other materials. These can be small particles
of quartz, feldspar, clay minerals, pyrite, siderite, and other minerals. It can also contain large nodules
of chert, pyrite, or siderite.

9. Health and Safety

The material is a very fine powder coloured Very light grey (5Y 8/1). Safety precautions for handling
fine particulate matter are recommended, such as the use of safety glasses, breathing protection,
gloves and a laboratory coat.

10. Method of Preparation

The particle size distribution for this material was shown to have a nominal top size of 54um (95%
passing 54um). The procedure of preparation in brief is as follows: the material was crushed, dry-milled
and air-classified to <54um. It was then blended in a bi-conical mixer, systematically divided and sealed
into 1kg Laboratory Packs. Explorer Packs are then subdivided from the Laboratory Packs as required.
Final packaged units were then selected on a random basis and submitted for analysis to an
independent laboratory accredited with the 1SO17025:2005 standard of general requirements for the
competence of testing and calibration laboratories. The results obtained from this laboratory are then
evaluated statistically by AMIS for homogeneity.

11. Handling

The material is packaged in Laboratory Packs and Explorer Packs that must be shaken or otherwise
agitated before use. The analyte concentrations are quoted on a dry basis, therefore the user needs to
determine the moisture content in order to convert any obtained assay values to an air-dry basis (see
Appendix 5 for an example calculation).


http://www.amis.co.za/
http://geology.com/rocks/sedimentary-rocks.shtml
http://geology.com/minerals/calcite.shtml
http://geology.com/minerals/quartz.shtml
http://geology.com/minerals/feldspar.shtml
http://geology.com/minerals/pyrite.shtml
http://geology.com/rocks/chert.shtml

12. Methods of Analysis Requested

1. Majors (Al203, CaO, Cr203, Fe203, K20, MgO, MnO, Naz20, SiOz, SO3, TiOz2, P20s, V20s, and
LOI) XRF
2. Calcium Carbonate Equivalent (CCE) by ASTM C25 Method

13. Information Requested of Participating Laboratories

The following information was requested of the participating laboratories for the development of this
CRM:

State aliquots used for all determinations.

All results for major elements to be reported as oxides in percentages.

Report all QC data, to include replicates, blanks and certified reference materials used.

State and provide brief description of analytical techniques used.

Send a PDF and excel of the results. (Excel template format was sent to the labs. If you have
not received it, please email Melesha and she will send it through)

abkrwh =

14. Certification of Mean and Estimation of Measurement Uncertainty

The samples used in this certification process have been selected in such a way as to represent the
entire batch of material and were taken from the final packaged units; therefore all possible sources of
uncertainty are included in the combined standard uncertainty determination. Initially the data submitted
by all of the laboratories are subjected to a z-score test, equation [1] to exclude outliers and the
remaining data sets examined for their normality in distribution. This is followed by the exclusion of
further outliers as defined by the IUPAC Harmonised Protocol of 1995 in which both Cochran and
Grubbs tests are applied until all outliers are identified, equations [2], [3], [4] and [5]. A grand mean and
standard deviation is re-calculated using all remaining data (Thompson, 2008; Carr, 2011) (see
Appendix 2). These data are then subjected to an analysis of variance (ANOVA) as per equations,
[10],[11],[12],[13] and [14] in Appendix 2. The mean squares for data within and between laboratories
derived from ANOVA are used to compute the within-laboratory reproducibility, or combined standard
uncertainty as shown in Appendix 2, equation [15], [16] and [17]. The Horwitz function is applied to
assess the performance of the data under consideration with respect to precision as relative standard
deviation (equations [6], [7] and [8]). Should the ratio of the observed %RSD and a calculated %RSD
be <2, the observed %RSD is accepted (Horwitz & Albert, 2006). A final certified value is then found
by calculating a grand mean of equally weighted individual laboratory means [9] (ISO Guide 35, 2003;
Barwick & Pritchard, 2011).

An uncertainty statement on AMIS certificates is typically presented as:

The expanded uncertainty (U) is determined by multiplication of the combined uncertainty (uc) with a
coverage factor (k) found from N-1 degrees of freedom and a t-critical value at a level of confidence of
95% (EURACHEM / CITAC Guide CG 4., (2012), (see Table 8, Appendix 6 for a t-critical table). N is the
number of laboratory means used in the establishment of the certified value. Since the estimated values
of the CRM approximate a normal distribution with combined uncertainty, uc, the certified value of the
CRM is understood to lie in the interval defined by U with a level of confidence of 95 % (Thompson &
Lowthian, 2011).

Appendix 2 gives detail on the principles used for certification of the reported assay values and
estimation of measurement uncertainty.



15. Participating Laboratories

Twenty one laboratories were each given eight randomly selected packages of the CRM. Eighteen
laboratories of the twenty one laboratories submitted results in time for certification.

The 18 laboratories that provided results timeously are:

AfriSam (South Africa) (Pty) Ltd Centre of Product Excellence
ALS Chemex Laboratory Group Johannesburg SA

Antech Zimbabwe

ARGETEST

Bureau Veritas Minerals Ultra Trace Pty Ltd

"Dorfner Anzaplan Analysenzentrum und Anlagenplanungsgesellschaft mbH"
Idwala Lime- Danielskull

Genalysis Laboratory Services (W Australia P)

Intertek Utama Services (Indonesia)

10. SCI-BA Laboratories and Scientific Consulting

11. SGS Mineral Services Lakefield (Canada)

12. SGS South Africa

13. Set Point Laboratories (Isando) SA

14. PPC Rwanda

15. ALS Chemex Laboratory Group Lima (Peru)

16. ALS OMAC (Ireland)

17. UIS

18. SA Lime and Gypsum

CoNOOGORWN =



16. Accepted Assay Data

Data from the 18 laboratories used for certification are set out in Table 4.

Table 4. Data used to calculate the certified values after removal of outliers.

XRF XRF XRF XRF XRF | XRF | XRF XRF | XRF XRF XRF | XRF
Al203 CaO Cr20s Fe20s K20 MgO | MnO | Na;O | P20s SiO2 TiO2 SOs LOI
% % % % % % % % % % % % %

0.78 49.10 0.37 0.81 0.03 0.79 0.05 0.02 0.01 10.13 0.06 | 0.05 | 38.63
0.78 48.70 0.36 0.80 0.03 0.79 0.05 0.01 0.01 10.10 0.06 | 0.05 | 38.64
0.79 48.40 0.36 0.80 0.03 0.79 0.05 0.02 0.01 10.08 0.05 | 0.05 | 38.64
0.79 49.20 0.37 0.81 0.03 0.80 0.05 0.01 0.01 10.17 0.06 | 0.05 | 38.62
0.80 49.00 0.38 0.83 0.04 0.80 0.05 0.01 0.01 10.32 0.06 | 0.05 | 38.64
0.79 48.80 0.37 0.82 0.03 0.80 0.05 0.02 0.01 10.22 0.06 | 0.05 | 38.59
0.79 48.40 0.37 0.81 0.03 0.79 0.05 0.02 0.01 10.14 0.06 | 0.05 | 38.67
0.79 48.80 0.37 0.82 0.04 0.80 0.05 0.01 0.01 10.20 0.06 | 0.05 | 38.63
0.92 49.65 0.40 0.77 0.04 0.85 0.05 0.01 0.01 9.41 0.06 | 0.05 | 38.85
0.92 49.62 0.39 0.78 0.04 0.86 0.05 0.02 0.01 9.37 0.06 | 0.05 | 38.84
0.93 49.60 0.39 0.77 0.04 0.86 0.05 0.01 0.01 9.45 0.06 | 0.04 | 38.82
0.92 49.61 0.40 0.77 0.03 0.85 0.05 0.02 0.01 9.47 0.06 | 0.04 | 38.84
0.92 49.63 0.40 0.78 0.04 0.85 0.05 0.01 0.01 9.36 0.06 | 0.04 | 38.82
0.92 49.60 0.39 0.78 0.04 0.85 0.05 0.02 0.01 9.38 0.06 | 0.04 | 38.82
0.92 49.65 0.40 0.78 0.03 0.85 0.05 0.02 0.01 9.36 0.06 | 0.04 | 38.82
0.92 49.63 0.39 0.78 0.04 0.85 0.05 0.02 0.01 9.36 0.06 | 0.04 | 38.82
0.83 48.11 0.35 0.84 0.03 0.88 0.05 0.02 0.01 10.34 0.06 | 0.06 | 38.50
0.83 48.23 0.36 0.85 0.03 0.88 0.05 0.02 0.01 10.23 0.06 | 0.06 | 38.50
0.83 48.05 0.36 0.84 0.03 0.89 0.05 0.02 0.01 10.30 0.06 | 0.06 | 38.50
0.82 48.11 0.35 0.84 0.03 0.88 0.05 0.02 0.01 10.35 0.06 | 0.06 | 38.50
0.82 48.14 0.35 0.85 0.03 0.88 0.05 0.03 0.01 10.32 0.06 | 0.06 | 38.50
0.82 48.18 0.35 0.85 0.03 0.88 0.05 0.02 0.01 10.29 0.06 | 0.06 | 38.50
0.81 48.13 0.36 0.84 0.03 0.87 0.05 0.02 0.01 10.36 0.06 | 0.06 | 38.50
0.84 48.09 0.36 0.84 0.03 0.88 0.05 0.02 0.01 10.35 0.06 | 0.06 | 38.50
0.80 48.18 0.40 0.80 0.02 0.85 0.05 0.02 10.11 0.06 | 0.03 | 38.64
0.81 48.17 0.39 0.80 0.02 0.84 0.05 0.02 10.07 0.06 | 0.03 | 38.63
0.81 48.23 0.39 0.81 0.03 0.86 0.05 0.02 10.00 0.06 | 0.03 | 38.61
0.80 48.07 0.40 0.81 0.03 0.86 0.05 0.02 10.03 0.07 | 0.02 | 38.65
0.81 48.12 0.39 0.80 0.03 0.84 0.05 0.02 10.08 0.06 | 0.02 | 38.67
0.81 48.13 0.40 0.80 0.03 0.85 0.06 0.02 10.10 0.06 | 0.03 | 38.65
0.81 48.18 0.39 0.81 0.03 0.85 0.05 0.01 10.08 0.06 | 0.02 | 38.55
0.80 48.16 0.39 0.80 0.03 0.86 0.06 0.02 10.07 0.06 | 0.03 | 38.63
0.72 47.29 0.40 0.66 0.04 0.84 0.04 0.02 10.87 0.04 | 0.07 | 38.48
0.75 47.36 0.40 0.66 0.03 0.85 0.05 0.01 10.96 0.04 | 0.05 | 38.52
0.746 | 47.981 0.401 0.646 0.03 0.83 0.04 0.01 10.916 | 0.037 | 0.05 | 38.483
0.739 | 47.954 0.39 0.65 0.03 0.85 0.04 0.01 10.711 0.04 | 0.05 | 38.525
0.704 | 47.136 0.397 0.639 0.03 0.82 0.04 0.02 10.672 | 0.037 | 0.05 | 38.164
0.689 | 45.852 0.399 0.63 0.03 0.83 0.04 0.01 10.708 | 0.035 | 0.07 | 38.407
0.689 | 46.487 0.394 0.636 0.03 0.85 0.04 0.02 10.7 0.036 | 0.05 | 38.443
0.732 | 47.462 0.398 0.642 0.03 0.84 0.04 0.01 10.776 | 0.04 | 0.05 | 38.492
0.86 47.9 0.378 0.79 0.03 0.78 | 0.053 | 0.01 10.4 0.04 38.8
0.86 47.9 0.379 0.77 0.03 0.78 | 0.0563 | 0.02 10.5 0.04 38.86
0.87 47.9 0.377 0.77 0.03 0.79 | 0.056 | 0.02 10.5 0.04 38.77
0.86 47.6 0.38 0.78 0.03 0.78 | 0.055 | 0.01 10.5 0.04 38.76
0.86 47.9 0.381 0.79 0.02 0.78 | 0.058 | 0.01 10.5 0.04 38.75
0.87 47.8 0.382 0.78 0.02 0.77 | 0.054 | 0.02 10.5 0.04 38.85
0.86 47.8 0.38 0.76 0.02 0.78 | 0.057 | 0.01 10.5 0.06 38.87
0.86 47.8 0.381 0.77 0.02 0.78 | 0.058 | 0.02 10.5 0.06 38.75
0.85 47.3 0.37 0.8 0.02 0.83 0.04 0.01 9.64 0.06 38.95
0.85 47.8 0.38 0.8 0.03 0.83 0.04 0.02 9.75 0.06 38.96
0.86 47.9 0.37 0.8 0.02 0.85 0.04 0.02 9.76 0.06 38.96
0.84 47.9 0.37 0.8 0.03 0.86 0.04 0.02 9.83 0.06 38.97
0.85 47.7 0.37 0.79 0.03 0.85 0.04 0.02 9.69 0.06 38.93
0.86 47.7 0.37 0.79 0.031 | 0.83 0.04 0.02 9.72 0.06 38.97
0.85 47.7 0.37 0.8 0.031 | 0.84 0.04 0.02 9.78 0.06 38.97
0.86 47.7 0.37 0.8 0.03 0.83 0.04 0.02 9.71 0.06 38.95
0.73 47.49 | 0.37809 0.76 0.032 | 0.86 0.05 0.03 10.2 0.06 38.5
0.71 47.25 | 0.38145 | 0.77 0.03 0.86 0.05 0.02 10.2 0.06 38.5

10




Assay Data (Continued)

XRF XRF XRF XRF XRF | XRF | XRF XRF | XRF XRF | XRF | XRF
Al203 CaO Cr203 | Fe203 | K2O | MgO | MnO | Na:O | P20s | SiO2 TiO2 | SOs LOI
% % % % % % % % % % % % %

0.76 | 48.43 0.38 0.74 0.03 | 0.86 0.05 0.02 10.20 | 0.07 38.50
0.72 | 48.27 0.37 0.74 0.03 | 0.86 0.05 0.02 10.20 | 0.06 38.50
0.71 48.12 0.38 0.74 0.03 | 0.87 0.05 0.02 10.10 | 0.06 38.60
0.73 | 47.82 0.38 0.73 0.04 | 0.86 0.05 0.02 10.10 | 0.06 38.60
0.69 | 48.21 0.38 0.74 0.04 | 0.87 0.05 0.02 10.10 | 0.05 38.60
0.71 48.23 0.38 0.74 0.04 | 0.87 0.05 0.02 10.10 | 0.05 38.60
0.79 | 48.40 0.83 0.03 | 0.84 0.05 0.02 7.64 0.05 38.50
0.81 48.50 0.82 0.03 | 0.84 0.05 0.02 7.80 0.05 38.60
0.83 | 48.20 0.82 0.04 | 0.84 0.05 0.01 7.56 0.05 38.60
0.81 48.20 0.82 0.04 | 0.84 0.05 0.02 7.88 0.05 38.50
0.81 47.80 0.80 0.02 | 0.85 0.05 0.02 7.81 0.05 38.50
0.80 | 48.50 0.81 0.03 | 0.84 0.05 0.01 7.73 0.05 38.60
0.82 | 47.90 0.80 0.03 | 0.84 0.05 0.01 7.62 0.04 38.50
0.79 | 48.00 0.83 0.03 | 0.85 0.05 0.01 7.56 0.05 38.50
0.77 | 48.15 0.82 0.02 | 0.77 0.01 10.07 | 0.05 39.10
0.78 | 48.00 0.80 0.03 | 0.76 0.02 10.07 | 0.05 39.00
0.77 | 48.04 0.81 0.03 | 0.78 0.03 10.05 | 0.05 39.00
0.78 | 48.25 0.80 0.02 | 0.77 0.02 10.08 | 0.05 39.00
0.79 | 48.36 0.81 0.03 | 0.75 0.03 10.07 | 0.05 39.10
0.77 | 48.20 0.81 0.03 | 0.77 0.02 10.05 | 0.05 38.80
0.78 | 48.19 0.82 0.03 | 0.77 0.02 10.04 | 0.05 39.00
0.77 | 48.12 0.80 0.03 [ 0.77 0.03 10.04 | 0.05 39.00
0.80 | 49.96 0.87 0.03 | 0.85 9.89 0.05 38.77
0.81 49.82 0.89 0.03 | 0.84 10.05 | 0.04 38.77
0.80 50.16 0.87 0.03 | 0.86 9.93 0.05 38.76
0.80 | 49.74 0.88 0.03 | 0.86 9.90 0.04 38.79
0.80 | 49.79 0.89 0.87 10.00 | 0.05 38.73
0.80 50.02 0.92 0.86 9.96 38.76
0.80 50.07 0.88 0.84 9.87 38.76
0.81 50.09 0.91 0.87 9.80 38.77
0.76 | 47.77 0.80 0.83 10.16 39.05
0.76 | 47.79 0.80 0.83 10.19 39.04
0.77 | 47.81 0.80 0.83 10.15 39.06
0.77 | 47.81 0.81 0.83 10.19 39.00
0.76 | 47.84 0.81 0.82 10.17 39.00
0.77 | 47.76 0.81 0.81 10.12 39.02
0.76 | 47.85 0.79 0.84 10.11 39.01
0.77 | 47.88 0.79 0.83 10.13 38.98
0.78 | 49.50 0.77 10.07 38.63
0.77 | 49.30 0.84 10.04 38.66
0.77 | 49.90 0.78 10.00 38.67
0.79 | 49.40 0.77 9.99 38.66
0.77 | 49.20 0.85 9.96 38.66
0.78 | 49.80 0.76 9.93 38.65
0.75 | 49.40 0.78 10.05 38.67
0.77 | 49.40 0.75 10.02 38.61
0.79 | 47.56 0.65 38.64
0.79 | 47.75 0.65 38.61
0.78 | 47.63 0.66 38.90
0.78 | 47.47 0.66 38.64
0.79 | 47.65 0.65 38.66
0.78 | 47.46 0.65 38.69
0.82 | 47.51 0.64 38.69
0.78 | 47.55 0.64 38.71

48.30 0.81

48.30 0.81

48.10 0.77

48.00 0.77

47.80 0.76

47.80 0.76

48.20 0.77

48.20 0.78

17. Reported Values

The certified values listed in this certificate fulfil the AMIS statistical criteria (see section 14) regarding
agreement for certification and have been independently validated by Allan Fraser.
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18. Validation of Accuracy (Trueness)

This CRM can be used to validate accuracy (trueness) as required in method validation as stated in
the ISO17025:2005 standard, clause 5.4. See Appendix 3 for an example on the validation of
accuracy using replicate data derived from the analysis of a CRM.

19. Metrological Traceability

The values quoted herein are based on the consensus values derived from statistical analysis of the
data from an inter-laboratory measurement program. Traceability to Sl units is via the standards used
by the individual laboratories the majority of which are accredited to the 1ISO17025:2005 general
requirements for the competence of testing and calibration laboratories and who have maintained
measurement traceability during the analytical process.

20. Period of Validity

The certified values are valid for this product, while still sealed in its original packaging, until notification
to the contrary. The stability of the material will be subject to continuous testing for the duration of the
inventory. Should product stability become an issue, all customers will be notified and notification to
that effect will be placed on the www.amis.co.za website.

21. Minimum Sample Size

The maijority of laboratories reporting used a 0.5g sample size for the ICP-OES and a 30g sample size
for the fire assay. These are the recommended minimum sample sizes for the use of this material.

22. Availability
This product is available in Laboratory Packs containing 1kg of material and Explorer Packs containing
custom weights (from 50 to 250g) of material. The Laboratory Packs are sealed bottles delivered in

sealed foil pouches. The Explorer Packs contain material in standard geochem envelopes, nitrogen
flushed and vacuum sealed in foil pouches.

23. Recommended use in Quality Control
Users should set their own limits i.e. 1, 2 and 3 standard deviations from an obtained mean value based
on at least 10 replicate analyses using this CRM (see Appendix 4 for detail on the use of this CRM in
quality control).

24. Legal Notice
This certificate and the reference material described in it have been prepared with due care and

attention. However AMIS, a division of Torre Analytical Services (Pty) Ltd, Thivhafuni Matodzi, and Allan
Fraser; accept no liability for any decisions or actions taken following the use of the reference material.

12


http://www.amis.co.za/

04 May 2017
Certifying Officers:

Version: 0.02
Amended: 13 September 2017 Certified CCE, 19 September 2017 Added ASTM C25 (method)

S YT g OO SN

African Mineral Standards:

Thivhafuni Matodzi

Geochemist:

Allan Fraser
M.Sc. (Geology), N.D. (Analytical Chem.), Pr.Sci.Nat.
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APPENDICES
Appendix 1: Uncertified Element Statistics
Uncertified element statistics are shown in Table 5.

Table 5. Uncertified element concentrations statistics.

Element Gen Method N Mean s RSD % | Unit
BaO XRF 20 0.02 0.01 40.66 %
Cl Various methods | 24 <100 <0.001 | <0.001 | ppm
CuO XRF 8 0.01 <0.001 6.04 %
Fe XRF 8 | 4551.00 | 48.00 1.05 | ppm
Mn XRF 8 | 396.90 8 1.96 ppm
Mn203 XRF 7 0.08 <0.001 | <0.001 %
Mn3O4 XRF 8 0.06 <0.001 1.96 %
S Combustion/LECO | 15 0.01 <0.001 | 31.05 %
S XRF 8 0.02 <0.001 | 11.08 %
V205 XRF 9 0.01 <0.001 | 27.44 %
ZrO2 XRF 8 0.01 <0.001 5.34 %
P20s XRF 3 0.008 0.002 | 28.89 %

Appendix 2. Certification of Reference Material and Estimation of Measurement Uncertainty
(Prepared by Allan Fraser)

In the establishment of a consensus value for the CRM, outlier tests are carried out followed by
performance statistics and the estimation of the measurement uncertainty. In practice, it is highly likely
that data generated by multiple laboratories as an inter-laboratory comparison of material for
certification, will contain erroneous as well as extreme measurements (outliers). The influence of
outliers on summary statistics needs to be minimised by the application of procedures for outlier
identification on raw data. The application of z-scoring, Cochran test for suspect repeatability variances,
along with Grubbs test as single and paired tests for suspect measurement values allows for the
detection of outliers (IUPAC, 1995). Method performance in terms of precision as relative standard
deviation is judged by the application of the Horwitz ratio, which gives an indication of whether the
observed relative standard deviation at the concentration levels of analyte determined are acceptable
(Horwitz & Albert, 2006).

In the absence of an extensive uncertainty budget, measurement uncertainty is estimated from the
reproducibility standard deviation from inter-laboratory data and reported as an expanded uncertainty
at typically a level of confidence of 95% (Miller & Miller, 2010).

The steps below give detail on the establishment of a consensus value through the elimination of

outliers, method performance and estimation of measurement uncertainty using standard uncertainties
and the analysis of variance.
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Outlier Removal

An initial purge of outliers in inter-laboratory analyses of a candidate reference material is done using
z-scoring followed by the exclusion of further outliers as defined by the IUPAC Harmonised Protocol
of 1995. Here both Cochran and Grubbs tests are applied until all outliers are identified.

Z-Score

A z-score is calculated using equation [1]:

[1]

Where, x is the result of a submitted sample, x, is the mean and s,is the standard deviation of the
submitted results from all of the participating laboratories. Z-Scores are interpreted as follows:

|z|<2 satisfactory performance
2<|z|<3 questionable performance
|z]|>2 unsatisfactory performance

(Thompson & Lowthian, 2011)

Data with z-scores exceeding 2 are discarded and are not included for further assessment.

Cochran Test

The test of Cochran (1950) as shown in equation [2] is applied to any suspect repeatability variances:

Smax
Ceatc = S .2 [2]

i=15i

Where, C.qc » SZax and Yi_, s?, are the calculated values for Cochran’s test, data set with the maximum
variance and the sum of the variances of all of the participating [ laboratory datasets. The C,,;. value is
compared with a critical value, C.,;; at a level of confidence of 95% and an alpha of 0.05% (see Ellison,
et al., 2009, Appendix A, Table A.3a, page 209 for a table of critical values for the test of Cochran at
LOC 95%).

According to ISO 5725-2 (1999), results from a laboratory with a suspect repeatability variance can be
excluded if it is shown by the Cochran test to be an outlier. Therefore, if C.,. > C.i: , the laboratory
with the maximum variance is removed. The data found to be excluded should not be >2/9, or 22% of
the total data.

Grubbs Test

The test of Grubbs (1969) calculates a test statistic, G. In the detection of a single outlier, G, is found
by using

|Suspect value — x|
Gy cale = S 3]

where the sample mean and standard deviation, x and s, are calculated with the suspect value
included. The G, .4 statistic is compared to a critical value for N measurements. See Ellison, et al.,
2009, Appendix A, Table A.2, page 208 for a table of critical values for the test of Cochran at LOC 95%.
If the data set contains two or more suspect values at either the high end of the dataset or at the low
end, or at both ends of the data range, the Grubbs test is adapted to detect such outliers by the
calculation of G, .q¢
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|, — x4
Gz carc = nT [4]

where, x,, and x; are the suspect values that occur at the opposite ends of the dataset.

When there are two suspect values at the at the same end of the dataset two separate standard
deviations of all of the data, s*is the standard deviation of the data with the two suspect values
excluded with G .4 given by:
(n—3)s”
G3 carc = m=Ds? [3]

Method Performance

The Horwitz function is used to assess the performance of the data under consideration, with respect
to precision (Horwitz & Albert, 2006). A calculated %RSD is found using the Horwitz expression

%RSD = +21-05l0gC) -

where, C is the analyte concentration in percent divided by 100 and log is the natural logarithm. The
observed %RSD is calculated as

s
Observed %RSD = i x100 [7]

ean

where s is the standard deviation of n replicates.
The ratio of the observed %RSD and the calculated %RSD gives the Horwitz ratio (HorRat):

HorRat = %RSD Observed 8]
orfat = %RSD Calculated

A HorRat <2 indicates that the method is of adequate precision. Should the HorRat be >2 the overall
data are discarded and the candidate material considered not suitable for certification as the precision
is excessive for the concentration of the analyte being determined (Nelsen & Wehling, 2008).

Grand Mean

The grand mean (x) i.e. the certified value of a dataset is the total of all the data values divided by the
total sample size (n) :

_ X

B Z n 9]

il

Certified Value

From ANOVA as per the description in section 14, an ‘appropriate precision’ as shown in [10] is
calculated for sufficient homogeneity (Thompson, 2008):

s, < 0.3u, [10]

Where, s, is the within laboratory repeatability, as determined from [16]. Once [10] is satisfied, a grand
mean [9] is calculated and this is taken to be the certified value.
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Total Variation (SST)

The total variation (not the variance) comprises the sum of the squares of the differences of each
mean with the grand mean.

SST = ) (x = [11]
Between Group Variation (SSB)
The variation due to the interaction between the laboratories is denoted SSB or Sum of Squares
Between laboratories and given by [12]. If the laboratory means are close to each other (and therefore

the Grand Mean) SSB will be a small value. There are P samples involved with one datum value for
each sample (the sample mean), so there are P-1 degrees of freedom.

SSB = Z n(% — %)2 [12]

The variance due to the interaction between the laboratories is denoted MSB for Mean Square
Between groups and is the SSB divided by its degrees of freedom.

_ SSB

M
S n—1

[13]

Within Group Variation (SSW)

The variation due to differences within individual samples is denoted SSW for Sum of Squares Within
laboratories. The degrees of freedom are equal to the sum of the individual degrees of freedom for each
sample. Since each sample has degrees of freedom (df) equal to one less than their sample sizes, and
there are k samples, the total degrees of freedom is P less than the total sample size: df =n - P.

SSW = z df - 52 [14]

The variance due to the differences within individual samples is denoted MSW for Mean Square Within
groups. This is the within group variation divided by its degrees of freedom:

SSw
MSW = —— [15]
P—n

From equations [9] through [15], the ANOVA table as shown in Table 6 is developed.
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Table 6. A single-factor ANOVA table showing key elements. Where P is the total number of groups,
or laboratories. P-1 is 1 less than number of laboratories, P (n-1) is the number of data values minus
number of groups (equals degrees of freedom for each group added together), and P-1 + P(n-1) is 1
less than number of data points. MS is the mean squares of between laboratories and within
laboratories. After Ellison et al., (2009), Table 6.2, page 61.

Source Sum of df Mean Sum of F p Ferit
Squares Squares

Between SSB P-1 MSB=SSB/df | MSB/MSW | =FDIST(x,df,df) | F-table

Laboratories

Within SSW P(n-1) | MSW=SSW/df _ _ _

Laboratories

Total SSB+SSW | P-1+ _ _ _ _

P(n-1)

Combined Standard Uncertainty

The combined standard uncertainty (uc) represents the effects of random events such as days,
instruments, and analysts on the precision of the analytical procedures of all accepted data of the
participating laboratories. Using the output from ANOVA, the combined standard uncertainty (uc) is
determined from the square root of the sum of squares of the variances of the within laboratory
repeatability, s, and the between laboratory precision, s;:

Uc = /5% + 857 [16]
Within laboratory repeatability is determined as
s, = VMSB [17]

and, the between laboratory precision as

. = ’(MSW; MSB) (8]

where MSW is the mean squares of the within laboratory variance, MSB is the mean squares for the
between laboratories and n in this case, is the number of replicates in a group of the accepted data
(Thompson & Lowthian, 2011).

Expanded Uncertainty

The expanded uncertainty (U) at a confidence level of 95% is determined by multiplication of the
combined uncertainty (uc) by a coverage factor (k) found from N-1 degrees of freedom (df), where N is
the number of laboratory means accepted in the establishment of the certified value. The t-critical value
for 5% significance can be found in a t-critical table (see Error! Reference source not found., or from
S Excel as =TINV (5%, df).

Uncertainty Statement

Typically, an uncertainty statement is presented as follows: Au =0.77+0.04 g/t, where the number
following the symbol * is the numerical value of an expanded uncertainty, U = kuc, with U determined
from a combined standard uncertainty multiplied by a coverage factor k = 2 or, a t-critical value for N-1
accepted laboratories. Since it can be assumed that the possible estimated values of the standard are
approximately normally distributed with standard uncertainty, uc, the certified value of the CRM is
believed to lie in the interval defined by U with a level of confidence of approximately 95 %, e.g. a mean
value of 0.77+£0.04g/t will have intervals of: 0.73<0.77<0.81 g/t.

19



Appendix 3. Example: Comparison of Mean and Certified Value for Validation of Accuracy
(Prepared by Allan Fraser)

According to ERM (2005); Eurolab (2007); Abzalov (2011) and Carr (2011), the validation of accuracy
for a given mean and certified value requires the inclusion of the measurement uncertainty of the CRM
in a t-test for statistical significance. The classical Student’s t-test as shown in [19], does not take into
account the measurement uncertainty of the CRM. To compensate for this, Eurolab Technical Report
No.1/2007 recommends equation [20] for the validation of CRMs with stated measurement
uncertainties.

|x — pl

S
Vn

teaic =

[19]

|x — ul

tCalC =
[20]
Jap? +5

Where, t.. is the calculated t-statistic, X the mean of n replicates with a standard deviation of s for a
CRM of y certified value. The standard uncertainty u is the stated expanded uncertainty (U) of the
CRM divided by the coverage factor (k) as stated on the certificate of analysis. Note thatthe | | bars
indicate that the absolute value between the mean and the certified value is to be used, i.e. ignore the
sign.

An example in which [20] is used for validation of accuracy is given below.

Example

A CRM is independently replicated nine times for Al2O3 concentration by XRF analysis, i.e. 9 individual
fused glass beads were prepared. The observed mean and standard deviation of the replicate data are
shown with the certified value and expanded uncertainty in Table 7. In validation of accuracy, the
hypothesis question is: Is the difference between the observed mean and the certified value statistically
significant at a level of confidence of 95%7 Alternatively put, is there sufficient evidence to conclude
that the data i.e. replicates generated, are inaccurate?

The relevant hypotheses are:

Null hypothesis: Ho: Mean = Certified value of CRM with stated measurement uncertainty. The
acceptance of Ho means that accuracy is demonstrated; i.e. insufficient evidence to reject Ho;
Alternate hypothesis: Hi: Mean # Certified value of CRM with stated measurement uncertainty. The
acceptance of H1 means that accuracy is not demonstrated, i.e. there is sufficient evidence to accept
Hq;

Table 7. CRM certified value, quoted expanded uncertainty U, the coverage factor for the CRM,
k=2.25 and mean for n=9 replicates and corresponding standard deviation for the replicate data.

CRM Expanded Coverage Mean (n=9) n Standard
Certified Uncertainty Factor (k) Deviation

Value (U) (s)

4.62% 0.08% 2.25 4.59 9 0.01015

The standard uncertainty (u) is found by dividing the expanded uncertainty by the coverage factor:
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_ 008 _ 0356 %
=327 % °

Using the observed mean for the replicate data (n=9) obtained for the CRM and substituting into [20]:

| — pl |4.59 — 4.62|

0010152 V0.00126 + 0.00001145
9

tcalc =

\/0.03562 +

Therefore, t 4= 0.84 and t,;;(5%,8) = 2.31 (df is 8, therefore, tcit=2.31, see Appendix 6, page 23)
which is >0.84. Similarly, the p-value=0.43 which is >0.05. This is strong evidence in favour of accepting
the null hypothesis that there is no significant statistical difference between the certified value and the
observed mean. Therefore, under the conditions that the uncertainty associated with the certified value
is known the accuracy is validated for the CRM tested. If the null hypothesis is accepted that the mean
obtained is not statistically different from the certified value, then the principle of traceability has been
conformed to.

Appendix 4. Using the CRM in Quality Control
(Prepared by Allan Fraser)

QC chart control limits should not be determined by the certified value and stated measurement
uncertainty of the certified reference material used. These parameters although “certified” will never be
known; itis only the corresponding statistical estimates, i.e. standard deviation and the mean calculated
from replicated results that are known and these should be used in quality control charts. However,
should the laboratory chose to use the certified value as the mean then the quoted 2s value for the
CRM can be used in the quality control chart.

It is recommended that a Shewhart chart be developed for the use if this CRM is to be used as a control
sample in laboratory quality control. A Shewhart chart is a plot of sequential assay results obtained from
quality control material such as an AMIS CRM. The warning and control limits are based on the
standard deviation obtained from the mean of the replicates of a CRM (Ellison, et al., 2009; Thompson,
2010).The procedure in preparing a Shewhart chart is as follows:

Analyse 10 to15 replicates or more of the AMIS CRM;

Apply the Grubbs test for outliers;

Determine the mean of the replicates after application of the Grubbs test;
Determine the standard deviation, using equation [21], of the replicates;
Calculate the standard deviation, s from:

o fﬂ%‘l"_)z [21]

where, x; is an individual measurement in the data set, x is the mean of the data set at n-1 degrees of
freedom (df) and n is the number of replicates. The sample standard deviation can be found using the
MS Excel formula “=stdev.s (number1;)”.

abhwh=

6. Verify accuracy of the mean value using equation [20];

7. Once accuracy is verified, calculate +2s and +3s, where s is the standard deviation calculated
from [21].

8. Construct the Shewhart control chart around the mean of n replicates;
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9. Use 12s as the warning limits;

10. Use £3s as the control limits;

11. It is recommended that if 2 to 3 points are outside warning the limits analyse another sample
and if it then within warning limits, continue. If it is outside the warning limits, stop and
troubleshoot;

12. It is recommend that if any point is outside control limits, analyse another portion (sample) of
the CRM. If it is within control limits, continue. If it is outside control limits, stop and
troubleshoot;

13. For reference purposes, the CRM certified value can be plotted on the Shewhart chart
alongside the mean value.

On a regular basis the accuracy of the replicates of the CRM should be assessed in terms of the
certified value of the CRM using equation [20].

Appendix 5. Conversion to Air-dry Basis
(Prepared by Allan Fraser)

Since AMIS certified analyte values are reported on a dry-basis, the user laboratory is required to dry a
portion (accurately weigh out 1.0 grams in duplicate) of the CRM material in air at 105°C in a drying
oven to constant mass to determine the moisture content. Use a crucible with a flat inner surface with
a surface area not smaller than 10 cm? with the CRM material spread evenly over same; this represents
a 0.1 gram spread per cmZ. In correcting the certified value for moisture content, a moisture correction
factor is calculated:

] ) 100 — %Moisture at 105°C
Moisture correction factor (MCF) = 100 [22]

Air dry basis concentration = MCF x certified value on a dry basis [23]

Example

The moisture content determined at 105°C on a CRM is 0.500%. The certified analyte concentration
for the CRM is 12.62+0.52% (dry basis). Calculating the moisture correction factor using [22] gives:

100 — 0.500

Moisture correction factor = oo 0.995

Multiplying the factor of 0.995 by the certified value as stated on the certificate of analysis on a dry basis
(as in [23]) gives the analyte concentration on an air-dry basis:

0.995 x 12.62% = 12.56%
The stated measurement uncertainty also needs to be corrected using [22] and [23], e.g. 0.995 x 0.52

= 0.51(7), rounded to 0.52%. The air-dry basis concentration i.e. 12.56+0.52% is to be used as the
certified value with its corresponding measurement of uncertainty.
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Appendix 6. T-distribution table

Table 8. T-distribution table for t-critical values (t crit.) for a two-tailed t-test at a 95% level of
confidence.

df | Two-tailed df Two-tailed
1 12.71 23 2.06
2 4.30 24 2.06
3 3.18 25 2.06
4 2.78 26 2.05
5 2.57 27 2.05
6 2.44 28 2.04
7 2.36 29 2.04
8 2.30 30 2.04
9 2.26 35 2.03
10 2.22 40 2.02
11 2.20 45 2.01
12 2.17 50 2.00
13 2.16 55 2.00
14 2.14 60 2.00
15 2.13 70 1.99
16 2.12 80 1.98
17 2.1 90 1.98
18 2.10 100 1.98
19 2.09 120 1.98
20 2.08 Infinity 1.96
21 2.08
22 2.07
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ve 5.270 m? lik maden altyapi tesis alan1 (2.000 m? pasa dokiim alani, 550 m? toprak depolama
alani, 2.720 m? maden ulasim yolu) izni igin 29.12.2020 tarihine kadar izin verilmisti. {lgililer
izni biten sahanin, temdit edilen ruhsatin siiresi kadar uzatilmasini talep etmislerdir.

Talep, ilgili Orman Bolge Midiirliigii tarafindan yerinde incelettirilmis olup, uygun
goriilerek tasdik edilen 11.08.2020 tarihli rapor, kroki ve diger eklerin incelenmesi sonucunda;
talep edilen orman alaninin istenilen maksada uygun kullanilmasinda sakinca olmadigi uygun
miitalaa edilmistir.

Uygun goriilmesi halinde; 6831 sayili Orman Kanununun 16 nc1 maddesi geregince,
calisma esaslarini diizenleyen taahhiitname hiikiimlerinin, Tarim ve Orman Bakanligi “VII.
Bolge Miidiirliigli'miin 14.03.2019 tarih ve 859216 sayili yazisi, Adana Miize Miidiirliigii'niin
21.02.2014 tarih ve 482 sayili yazisi, Adana Valiligi Cevre ve Sehircilik 11 Miidiitliigii'niin
28.08.2019 tarih ve 37258 sayili yazisi, Devlet Su Isleri Genel Miidiirliigii 6. Bolge
Midiirligi'ntin 09.12.2019 tarih ve 797097 sayili yazisinda belirtilen hususlarin yerine
getirilmesi sart1 ile yukarida olur, tarih numarasi ve ayrintilariyla agiklandigi tizere Visne Mad.
Uretim San. ve Tic. A.S. adina IR:200704213 ruhsat nolu kalker madeni sahasinda 47.880 m?
maden agik isletme izni ve 5.270 m? lik maden altyap: tesis alani (2.000,00 m? pasa dokiim
alani, 550,00 m? toprak depolama alani, 2.720,00m? yol .alani) olmak {izere toplam
53.150,00m2 izninin 29.12.2020 tarihinden itibaren 09.06.2030 tarihine kadar uzatilmasini,

OLUR' lariniza arz ve teklif ederim.

Bekir KARACABEY
Genel Midiir
Uygun gortisle arz ederim.
Akif OZKALDI
Bakan Yardimcisi
OLUR
Dr. Bekir PAKDEMIRLI
Bakan
Ek:
1 - Bilgi formu
2 - Orbis - izin Raporu
3 - Ticaret Sicil Gazetesi -1
4 - Miiracaat Dilekgesi~ 1
5 - Dogal Sit Gortisii - 2
6 - CED Belgesi= 1
7 - Mescete haritasi - 1
8 - Orbis =.1zin Talebi Safahat:
9 - 171000-61¢ekli vaziyet plani - 1
10.- Rehabilitasyon projesi - 1
Il - Rehabilitasyon projesi onay sayfasi
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12 - 1/25000 6l¢ekli mesafe haritasi
13 - DSI Gériisii - 1

14 - Kademeli kapatma plani - 1

15 - Kademeli kapatma plan1 onay sayfasi
16 - Ruhsat - 1

17 - Koordinat listesi - 1

18 - OMO Belgesi - 1

19 - DKMP Goriisii - 1

20 - Orman Kadastro haritasi - 1

21 - Arazi izin tespit cetveli

22 - Orbis - Talep Haritas1 KML

23 - 1/25000 6lcekli memleket haritasi
24 - Degerlendirme Formu - 1

25 - Kiiltiir Sit Gortisii - 1

26 - Verilmis Izin Olur Ornekleri - 1
27 - imza Sirkiileri - 1

28 - Vekaletname - 1

29 - KML
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T.C.

ADANA VALILIGi
Cevre Sehircilik il Miidirliigii

CEVRE IZIN BELGESI

Belge No . 286440026.0.1
Baslangic Tarihi : 30.11.2020
Bitis Tarihi : 30.11.2025

VISNE MADENCILIK URETIM SANAYI VE TIC.A.S. 200704213 NOLU II-A GRUBU
Tesis Adi : KALKER OCAGI
TesisAdres : Gilindogan Mah. 5903 Sok. No:54 Ceyhan/ADANA
Isletme Vergi No © 9250410552

.- . Hava Emisyon
Cevre Izin ve Lisans Konusu : 4

Yukarida ad1 ve acik adres belirtilen tesise Cevre 1zin ve Lisans Y onetmeligi kapsaminda CEVRE 1ZIN BELGESI verilmis olup
30.11.2020 tarihli ve  73971906-150/E.198 sayili yazi ile birlikte  gecerlidir. Ayrt  kullanilmaz.

Halit ERGIN
Gevre ve Sehircilik il Miidiirii

5070 sayil Elektronik imza Kanunu geregi bu belge elektronik imza ile imzalanmistir.
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