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Abstract

The study deals with geochemical distribution of cadmium ion in some geological
formations outcropped, in Kirkuk area, Northern Iraqg. Fifteen samples were taken from Fatha
(Middle Miocene), Injana (Upper Miocene), Mukdadiya (Upper Miocene-Pliocene)
Formation (5) samples from each formation were collected. Induced coupled plasma (ICP-
MS) method used to measure the Cd ion concentration and other elements. Analysis done at
Vancouver labs in Canada. Cadmium (Cd) ion concentration in Fatha, Injana and Mukdadiya
formations are 0.117, 0.149 and 0.194 ppm respectively, which is below that internationally
reported value except the pebbly sand unit of Mukdadiya Formation which have values above

the international recorded.
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Elements | Gypsum | Sandston | Siltston | Claystone Marl
Cd (ppm) >0.01 0.08 0.16 0.16 0.07
SiO; (%) >0.01 39.47 45.41 45.44 34.83
Al,O (%) >0.01 11.1 13.94 10.5 7.93
Fe,O3 (%) 0.07 4,74 6.47 4.82 3.28
MgO (%) >0.01 2.8 6.4 4.31 751
CaO (%) 33.75 19.17 9.13 14.15 20
Na,O (%) >0.01 1.14 0.92 1.27 1.04
K>0 (%) >0.01 1.79 3.06 2.01 1.59
TiO; (%) >0.01 0.59 0.67 0.64 0.51
P,05 (%) >0.01 0.11 0.13 0.13 0.12
MnO (%) >0.01 0.13 0.09 0.1 0.14
Cr,03(%) | =>0.01 0.031 0.033 0.049 0.035
LOI (%) 18.7 18.1 13.5 16.3 22.7
P (ppm) >0.01 530 540 570 520
Zn (ppm) 7.5 98.7 92.4 55.8 79.1
Pb (ppm) 0.27 10.72 11.07 19.94 12.07
Cu (ppm) 18.87 29.7 65.66 154.49 153.44
Mo (ppm) >0.01 0.2 0.4 0.46 0.31
Co (ppm) >0.01 17.9 22.6 17 135
As (ppm) 0.3 2.3 5.6 14.9 4.8
U (ppm) >0.01 0.3 0.6 0.7 0.8
Ni (ppm) >0.01 88 144 136 104
Cr (ppm) >0.01 65.2 89.2 82.7 67.5
Au (ppm) 0.0006 0.0011 0.0016 0.0007 0.0011
Ag (ppm) 0.0002 0.015 0.006 0.018 0.045
Hg (ppm) >0.01 0.015 0.006 0.012 0.008
V (ppm) >0.01 40 50 49 34
Th (ppm) >0.01 3.2 4.3 3.7 2.6
Zr (ppm) >0.01 121 143 179 131
Ba (ppm) 6 227 276 313 189
Sr (ppm) 882 167 258 359 530
Sc (ppm) >0.01 13 15 11 9
Y (ppm) >0.01 18 19 19 15
PH 8.3 8.1 7.9 8 8
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SiO, Al,O; Fe,Os MgO CaO | Na,©O K,O TiO; P,Os

Cd | 0.957* 0.674 0.759 -0.021 | -0.913 | 0.042 0.753 0.902 0.866
MnO Cr,04 L.O.l P Zn Pb Cu Mo Co

Cd | -0.981* | 0.547 -0.891 0.815 | -0.414 | 0.531 0.102 0.856 0.669
As U Ni Cr Au Ag Hg \ Th

Cd 0.684 0.188 0.937 0.960* | 0.078 | -0.677 -0.298 0.969* | 0.903

Zr Ba Sr Sc Y PH * |s significant at the 0.05 level

Cd 0.782 0.938 -0.227 0.498 0.814 | -0.663 | ** Issignificant at the 0.01 level
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Elements | sandston | siltston | Clayston | Siltymarls. | Marl
Cd (ppm) 0.15 0.16 0.19 0.09 0.15
SiO; (%) 40.66 45.24 44.87 39.98 42.78
Al,O (%) 8.54 10.12 10.28 8.43 9.21
Fe,03 (%) 4.14 5.09 5.06 4.9 491
MgO (%) 4.32 3.9 4.23 5.01 5.39
CaO (%) 19.6 14.96 14.56 18.25 14.54
Na,O (%) 1.66 1.59 1.23 0.91 1.43
K,0 (%) 1.46 1.94 1.85 1.96 1.96
TiO; (%) 0.56 0.63 0.69 0.56 0.69
P,O5 (%) 0.1 0.14 0.14 0.1 0.12
MnO (%) 0.14 0.11 0.1 0.11 0.15
Cr,03 (%) 0.083 0.028 0.061 0.032 0.088
LOI (%) 18.5 16 16.7 19.4 18.4
P (ppm) 430 570 540 510 470
Zn (ppm) 111.2 85 58.7 69.3 53.1
Pb (ppm) 10.06 10.66 9.84 10.8 10.5
Cu (ppm) 243.06 104.29 43.75 103.2 66.8
Mo (ppm) 0.39 0.41 0.55 0.32 0.33
Co (ppm) 16.3 16.7 17.5 12.6 13.4
As (ppm) 2.6 7.1 5.7 3.9 4.1
U (ppm) 0.5 0.6 0.6 0.07 0.5
Ni (ppm) 149 140 142 98 127
Cr (ppm) 114.6 83.8 86.6 59.1 78.3
Au (ppm) 0.0014 0.0005 0.0002 0.00009 0.0012
Ag (ppm) 0.015 0.013 0.012 0.037 0.029
Hg (ppm) 0.005 0.024 0.01 0.009 0.011
V (ppm) 53 46 52 29 37
Th (ppm) 2.6 3.9 3.5 2.1 2.3
Zr (ppm) 143 126 196 119 123
Ba (ppm) 308 311 307 176 198
Sr (ppm) 229 269 315 498 328
Sc (ppm) 10 11 12 8 10
Y (ppm) 17 20 21 14 15
PH 8.5 7.9 7.7 7.8 7.9
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SiO, Al,O4 Fe,03 MgO CaO | Na,O K,0 TiO, P,0Os
Cd | 0.795 0.796 0.132 -0.526 | -0.577 | 0.548 -0.188 0.694 0.757
MnO Cr,03 L.O.l P Zn Pb Cu Mo Co
Cd | -0.089 0.342 -0.776 0.216 -0.060 | -0.745 -0.202 0.814 0.840
As U Ni Cr Au Ag Hg \ Th
Cd | 0.441 | 0.947* | 0.856 0.552 0.167 | -0.860 0.209 0.827 0.719
Zr Ba Sr Sc Y PH * |s significant at the 0.05 level
Cd | 0.729 0.762 -0.756 | 0.984** | 0.844 | 0.827 | ** Issignificant at the 0.01 level

420 28al) (g 0S5 ) g (B o gradlSll dbiasS gl a5 3.4
e dplaa Gl cliladly Aamill isS A)lie Al dshie b i cpalSall ST e dplaiad) (psS3 )
e a8 Sl gl dpaall claagll 4 spalSll juaie 4yl .fx;\l;_‘:lj Aanall oS AHlae Andd <8 o il
A oSy Jane gy 3l paiall cliadl 8 asaadlU 3855 7 Dl Gy 3 ¢0asSall clisSa (g 3l (5)
0.36 ) i (pebbly Sandstone) 4ida & 41 585 Jlef alis WS ¢(0.36-0.14ppm) a5 (0.194 ppm)
slsial Ge Slad o(Matrix)lgissa b dudall oleall o Zadall o3 elgia) e 138 (g3ay 385 <7 saall (ppm
Pebbly) ik & apdlll 2S5l 585 &l 3 (CaCOs) cwludlSll i e Loy 4ol o
Jae oy aspedU () 3 8 Jsaall 8 WS 558V dyauall claagll e ST (17.58 %) Jiss(Sandstone
Papadopoulos and sy 491 daleall 3 Ly cagadlSl culiplS ellyy UsSe cyludlSll jsia b asandlS)

:[21] Rowell

Cd”? + CaCO; =—» CdCO;+ Ca®
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.(Mukdadiya Formation) a:slaiall o6&l daall Clasgll 38 asaealll 585 17 Jgaal)

4)a8al) oy oSl 4y Al ilaa gl Cd ppm
Pebbly Sandstone 0.36
Clay Sandstone 0.16
Silt 0.14
Clay 0.16
Clay silt 0.15
Min. 0.14
Max. 0.36
Average 0.194

ralially (%) sty 20y e gl (s 8 agaealSll pate cp AAUEN Jald) V) EOllas alag)
cuaa (95.59%0) A8 (ggia die Apalaiall i A Aiall Glasgll 23l 8 Jgasll & daiasall (ppm) 4t

[22] 551 A oms 73 (0.805) Adsasll (1) dasd culS5 ¢(SPSS) gealipall

galaiall GsSal Appaall a3 Aacmalall Ay Ayl syl ealinlly agadlSD) 585 5 Y ana 18 Jgand)

Elements | Pebbly sand. | Sand clay Silt Clay Claysilt
Cd (ppm) 0.36 0.16 0.14 0.16 0.15
SiO; (%) 455 46.38 45.19 45.75 45,78
Al,O (%) 8.66 9 9.54 9.76 9.87
Fe,03 (%) 3.95 4.08 4.31 4,54 4.42
MgO (%) 2.98 2.99 3.04 3.21 2.9
CaO (%) 17.58 16.71 15.21 13.54 15.54
Na,O (%) 1.03 1.04 1.07 1.09 1.08
K;0 (%) 1.36 1.45 1.58 1.71 1.54
TiO; (%) 0.46 0.59 0.069 0.077 0.31
P,Os (%) 0.09 0.11 0.14 0.014 0.14
MnO (%) 0.11 0.1 0.09 0.014 0.11
Cr;03 (%) 0.033 0.062 0.076 0.091 0.034
LOI (%) 17.9 17.3 19.5 19.9 18.1
P (ppm) 400 510 520 580 100
Zn (ppm) 395.2 46.5 87.32 56.39 61.23
Pb (ppm) 16.48 9.25 9.37 9.01 9.32
Cu (ppm) 1032.34 23.85 60.21 33.89 29.31
Mo (ppm) 0.32 0.46 0.48 0.53 0.49
Co (ppm) 13.5 14.2 11.5 12.9 12.3
As (ppm) 5.8 4.7 8.1 5.2 6.2
U (ppm) 0.4 0.5 0.6 0.6 0.5
Ni (ppm) 84 90 102 109 98
Cr (ppm) 56.8 63.2 69.5 70.5 58.32
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Elements | Pebbly sand. | Sand clay Silt Clay Claysilt
Au (ppm) 0.0013 0.001 0.0009 0.0002 0.0009
Ag (ppm) 0.033 0.009 0.014 0.011 0.01
Hg (ppm) 0.009 0.012 0.013 0.01 0.011
V (ppm) 47 47 46 46 46
Th (ppm) 2.6 3.3 3.8 3.2 3.1
Zr (ppm) 108 166 122 182 145
Ba (ppm) 342 285 273 302 309
Sr (ppm) 292 297 349 356 346
Sc (ppm) 10 10 9 9 9

Y (ppm) 16 19 19 21 19

PH 7.9 1.4 7.8 1.7 7.6

(opa)all Jia jualiall ary ge dysfs Aimge dysine ADle 4l anpadlSl O 9 Jganll DA (e gy

AN N agm 13 (Il e (0,993, 0.992, 0.982) cily slalias clabeey (ulailly (alia)l

—wa (Chalcophile Elements) 4dd Sllall palisll faca (siivar ) clogae Allall Shagn caliailly

Cupllin ((PDS) WSl (e Jie i€l goled) Jlshl e aaaals e b ([6] Goldschmidt Cayss

Sy (r=-0.938)ily apnlyall oo ga Al Tugina il Laiiey WS [17][23] (FeS) cululdly «(Z0S)

Ga o 39 Usaall b LS (1=0.965) cualy 3 dmill me dinsay dysh dygine A8y assedlSl) Laiig

(Chalcophilic Elements) 4,08 Slall Logaibad cuny cuyySIL diall LU jeaall (& Glal oy peaial)

LWl aee Jie (Sulfide Mineral) duas <l cabedl bl e o5 3 ([6] Goldschmidt Casioat cuusy

[24] b€l calydlindly culully

Al (s S A jaall s i1 A g 5 At ) ealinl) g o 520alSH L Y1 e 19 gan)

S|02 A|203 F9203 MgO CaO Nazo Kzo T|Og P205
Cd | -0.101 | -0.776 | -0.715 | -0.183 0.670 -0.699 -0.704 0.422 -0.155
MnO | Cr,0O3 | L.O.I P Zn Pb Cu Mo Co
Cd | 0.311 | -0.558 | -0.346 -0.044 | 0.982** | 0.992** | 0.993** | -0.938* 0.404
As U Ni Cr Au Ag Hg \% Th
Cd | -0.173 | -0.815 | -0.721 -0.616 0.577 | 0.965** | -0.747 0.647 -0.817
Zr Ba Sr Sc Y PH * |s significant at the 0.05 level
Cd | -0.606 | 0.863 | -0.679 0.647 -0.849 0.591 | ** Issignificant at the 0.01 level
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esing i) GsS5 G ang Ag el DG Laslaall (gl 3 aspedl&l) 585 Janal Ajlie slial e
10 dsasll 3 WS (0.194 ppm) adana iy ) 585 el e

.(Fatha, Injana, Mukdadiya) duball o Gl cpslSall 3 asalSl) 585 Jaxae 110 Jgaad)

Geological Formation Cd (ppm)
Fatha 0.117
Injana 0.148
Mukdadiya 0.194

12 a8 3asmsal) dpnlall Galeall sy dualaiall 00585 ClisSa (8 agealSIl 5855 G Balll oda ()5S0 B

Al aleall e o A o gsing Apalatal) (45 ] «[25] Al-Khalidi and Al-Shimmary <3 3) (sl
p320lSH Lgiay ALEY pualiall o 5N 5 Ay 4 Al Golaal) sl e Caliglsadiigally Y Galae x5 3)
& dau gl sl ol Jie 4 pualial)l e dae da 3y Shasl LS a3l Leaghan o
s Ll 368 laty Wy 4l (a1 Il Chmi HS Gy )il mland) e ey 5l el el S5
Jilat il €] Lo 1aa cdgatiy €l cplaad) Jlshal e Slmd [26][15] olaall oda mland e chlinll adlse
Al & Jal e (16.48 ppm) (395.3 ppm) (1032.34 ppm) N Wwis)i <las 3} (Pb, Zn, Cu)_palic

.8 Jsaall 4 LS ,Pebbly Sandstone

Sandstone, Siltstone, Claystone, ) Lale s)siall 4 gu)ll saaall cilifa go o385l 43)lie slya) 2ie L
Sl 545 (0.08-0.35 ppm) ) cileas AN p\<all (Sandstone)s &2 psealsll 385 s & ass (Marl

1 Jsal) 4 LS (0.02-0.05) alls Lalle | siiall alans (g

gallall Ll s e Gyl dilaia 8 nglpal) Sl jpiia 8 asaedlSH 35 A5l 111 Jgaad

Rocks bed Cd (ppm) References
Sandstone (Fatha) 0.08 Present study
Sandstone (Injana) 0.15 Present study

Sandstone (Mukdadiya) 0.35 Present study
Sandstone (background) 0.02-0.05 Kabata-Pendisa&Mukherjee[7]
Siltstone(Fatha) 0.16 Present study
Siltstone(Injana) 0.16 Present study
Siltstone(Mukdadiya) 0.14 Present study
Siltstone(background) 0.17-0.27 Holmgren et al[27]
Claystone(Fatha) 0.16 Present study
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Rocks bed Cd (ppm) References
Claystone (Injana) 0.19 Present study
Claystone (Mukdadiya) 0.16 Present study
Claystone (background) 0.5-1.0 Kabata-Pendisa&Mukherjee [7]
Marl(Fatha) 0.07 Present study
Marl(Injana) 0.15 Present study
Marl(background) 0.4-0.6 Mislis&Ravera [28]

Siltstone, Claystone, ) ik clisSe (3 asmedlSll 585 e Gl yedle) Jsaall DA e oy WS
0.16, )5 (0.15, 0.07 ppm) I cilay 3 Ldle siidl 035 e Ji 58 dulyall ad DA i<l (Marl
led oyt AN clill cadlsal) ) ey gy a5 Il e (0.14, 0.16, 0.16 ppm)s (0.19, 0.16 ppm

:\.1‘)5...4” Gliadl Q.JA

SlatiinN) .5
Y] ALY aa) I IS sl Jaa s
385 S G185 ¢(0-0.16 ppm) 525 (0.117 ppm) Janey o)l datdl) 00585 Glisa (b aspedsl) 385 1

2ul8) les Lnball colaal) molan e 3] Glilee ) 35m Layy 185 (0.16 ppm) ey uhal) eiall 4
dally sl GlawSy g A

SV lls gy 8y a6 lisSa A (V, SIO0 , FE203) 2mulSl g aspedlSll 4ygina L)) ddle dllia .2
Aeash o ojffiel 8 dyslal) alaally aal) 2lS] 0

haSpall Ll i Ailadl 06 Glisa 4 (U) ge dimge Aggine Gy a0l juaie Lagy 3
Jshl e Lagdils canas (SC) asptiSadl emic g Ainge &Ny Laiiyg LS el olaall mhad e
- ClisplSlly 2yl LS e

Gliay 3 Laladdl & A (Pebbly Sandstone) gsaall Joyll A 4 agaeal&l) 5850 Aad o) 1l 4
I e a3 Al 3 Sl e dadal) elgial W 3L eda (530 385 (0.35 ppm) )

ikl 038 spda 8 Adall (pladd) e \gigial (e Slms ¢(17.58%)
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o SheSon Calai 4l Lolid) (e Glfe B amel€ll o A8 LlgY) Ol ol S
st alad) skl e aaaalsi oo Sl Al Silall jualial) e opsiias 3 «(CU,Pb,ZN,AQ)
GisSE 8 0S5 oS (Apalaially Alad) cAaidll) ADEN (Sl 8 agealSl 35 Jaead Ajlie o) xe 6
aiylia die Lol i€ abeall skl dgas ) agat Layy 323l odag «(0.194 ppm) Jaras oY) dualasdl)
Pebbly Jgsand) dol dide o35 bl bdle pdie Lae il 0385 o 0 Lalle Sl e

Ldle Hedie lea el oIS a8 dualaia) o5& (Sandstone
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