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Aty Jlaill dapn 4peS (bl Caags (IRS) dpaall A58 Jilag (P1) comsandl Jial) dalese ol
Ayl Dllea] lgiaslie dan o aldie Y lgdial 4nlSal @lli L) skl dapy o JdaS cill o2a
ililan) Letaglia 8 Cusil 538 5,5 Aoy b "DUAT Blaliall o3 b Aysatl Dlales il Cuyelaly
st Al e Alle dapa D @ il Cll 3 cdha) dlge dada adlsall AL Ayl
Ay Ll oilial (8l Al prshlly RAlal Cagylll CGOAY 6l G zile ol e (Sl
el € s 3Rl o3 o Sliels Aipatl Aags (pe Agans Ala 3 clS s Al bl
Al pash oo Slsh (6l At b LS Rifals 250 5 5305 dikie b LS 21fale] 000 350
5oLl il 8 L Aaalglly )y dibaie b LS Al (py ()5S0 ¢ a3
) R () sl i) Q) Jle AL (paledd 1A clalSy
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Determination of Homogeneity of Parent Material and the
Development of Soils at Selected Areas in Northern Iraqg Using
Weathering Resistant Minerals

Muhamad A. J. Aljoboury
Department of Refining
College of Engineering of Petroleum and Mining
University of Mosul

ABSTRACT

This study was carried out using mineral analysis data from XRD and the
bromoform solution for separation of heavy metals, (15 samples of soil and five
samples of rocks) were distributed in five sections: Al Qayara, Hammam Al-Aalil,
Tel kaif, Duhok and Zakho. And by three depths and rock form for each section.
The proportion of heavy metals resistant to weathering was calculated
(Zircon, Tourmaline, and Rutile ZTR) as a criterion in the determination of the
original materials in the soil of the study soil as well as the calculation of the PI
and the IRS to measure the degree of degradation and the viability of these soils as
an indication of their degree of development and the ability to classify them based
on their degree of resistance to weathering operation . The results of weathering in
these areas showed a difference in "the degree and ability of these soils in their
resistance to weathering operations according to the location and the nature of the
original materials. The Zakho soil samples were highly superior to weathering, The
remaining areas of the study were in the middle of the degree of weathering as
these areas receive the amounts of rainfall up to 1000 mm / year as in the Zakho
area, and 250 mm / year as in the Qayara area, as well as topography of these
areas, are among the high as in the Zakho and low in the Qayara area.

Keywords: Heavy Minerals, Pedological Index, Development Soil, Index
Relatives Stability
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A oleall degane oA 38U laySly Jlaadl a8 deasiuedl oleall sl ey e dle
4883 aleall Ao gana e "Suad llaysilly Jalig g s 3 calaas Aliaally (Heavy Minerals)
ol e cadie) XL &) ey ol JS3 Ay (Light  Minerals)
P ASaidl e Gl A A anall GliCall e lajliady Ao (Cululy lalall)
Aigne Aalaily a0sally condylly lgall Al lags vie CBLalaal) s34 (i (Sey Ausadll cillec
o 5se 0585 Gl Apadl e DA elaSpml) il 3 pealiall (e Llilge (e dypal

oyl s Ly s il e Lsadl clilee i clalatl oy s

z.uj).ﬂ\ dahaia é}a

(42° 457 55) 5 sl dilaie 8 16,5 (43° 057107) dsb b o Al dikaie 513
Lsin (35° 33740 )5 sah dikie 8 Yl (37° 557 457) Laje s Al dikia b L
(1 Adaylall) eyl dshaie b

gl Ll (ila Aady Al alie Gk it Aadly Ll Al Bhlie aues
& (300 — 250 mm / yr.) o msbi 3 cdgsluiall ) ALED e gsially gpbaall el Y an
b Al Uaeyl cileeS eV are Lol Auhall Ghalie b UaeY) LS & JY) a4 5)ldl) dikie
On Tl A Adaugie 058 o) oS8 (il alesy Casli ad) (gAY) bl 3l
S Al Lildl e Jai Al dshie A )dls (800 — 400 mm / yr.)
(2003582 | Jpams o lail daslill Jiily 4als 530 6153l Aasa) (1000 mm / yr.)
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Jardl (@ihlag dlga

Jlailly ilogail ajpinaty Leiigd (it iadl I ziladl 331 gyiad) Jeall sy
Jasiy duda d8)lae dlauls eSS L 5 cbila ) sdually 4pill Ciline Capial b dalial) 4y )04
DA phal Gyl lead i am ASADL (e b okl Jaiats (2 mm) aslais Ul i
Neale 4,04

Lahall dbuly (S 75UM) ael Genee V) Whsa S5 zilall (e aud 3l
OsS ayiil Aaals Audigh IS [ aslsal) and 8 4l L)) 8 525840 (Tima Swing Mill)
L) 4aY) g Slea alaiuly Jdatll G cddbiad) Alel) il b leaadial 8 Al
Aafll ealiall Jdail AU (Pellets) oal@V) umstl Jesicin 3l 3Ll W (XRD)
i aaa (63 el Bsmue I ginda 23 38 (XRF) dumsel Gyl 2V Sles 4505 45l
dlee 8 (75 -125 PM) G anall aal) axdindy ((mortar) (83 gsta dauls (75 Um) (e
.(Heavy Minerals) il (jaleall Jicad

Heavy Mineral separations 4Ll caleal) (adiidy Juad —1

slhafpall jida 8 Auhall ad ~3lall (Heavy Minerals) 4l colaall sty Joad o
Ji e Ahgasal) diphll e alieV) & a5 . diasall Gaals [ aslell A0S/ (V) adle aud
AL ladl Caagy sty Jead B il Al GlelalY) et o(Carver, 1971)
AV il gladl)
ledsat a2y ¢(0.0625 — 0.125 mMM) eas 2as (50 gM.) sy zisall Aliae due 2a) -
ddee 8 aaall M ,ad) 285 (Very Fine Sand V.F.S) las aclll dojll aas Jiar e IS0
55 Aa ST 4 dalgi s acll) Jojll s (Y 3l e paall and die ALEN Galaa) Juad
.(Carmo Sousa et al., 2000) dL&l aleall g5
Gabue dallae daulyy zigalll A 324254 (Carbonate Materials) aslis&I algall A1) -
oy &5 (Jelall elgnl gual < saals (10 %) 38505 (HCI) @lysls el (malay zilal
o lsedl A anl @lig el o Lally 23 gl
zilaill L sasasall dygmall salall Al a3 288 Al e gilas e Jaidn Auhall il ) Lays -
ilos Canal 4S5y ) e lall 2 3saill Jue &5 (6%) 5:S50 (H202) Comaoned) 2 ddlaly
wsisesll Jlu e sy s (Separating Funnel) deadl add 8 zisall acay -
e & 3 ¢(Gravity method) dwdlall 43,k ddalus (CHBr3, S.G = 2.89) (Bromoform)
& by (2.89) Ge et o @yl (sS0 ALEIE sl (bl e ALEN Galadl) Jiady
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(2.89) (e BB o5 0y @iy oysSi (Light Minerals) aasall cobeall Ll cdoadll add Jiul
resisas ol il (358 il

asisand) il Wi A5Y (Acetone) o) Jilus (daially Al Upaidll Golad) Juis -
il ol @l 5 (g

audy 1€l 3aley slaie (Thin Section) 4ad; dalsy 4apys Jo Jpmid) zisaill gas -
o aldie) dpeaal Auhall el PlA (e A& alaall e capall @lly 5 ((Canada Balsam)
-(Kerr, 1959 ; King, 1968) 4 dsasall cliall (jany

& Adbaal ALEN alaall Hpall any Edadil) ALEN faladl to K dald)l Glbleal) )a) 2 -
Al Al 3l

chodll 2l Al il sl alaiuly Add) dagyd A odwa (300) 2 & Dals -
e e S i) Al Gliald (2011 )5l & Galehouse, 1971) (Ribbon method)
AL aledl)

(XRD) 4] dai¥) agen 4385 aladiualy (Adnal) Julal) -2
Mineralogical Analysis by using X-ray diffraction technique

sl duhall #ile clie b salal) Calaall ety Jaeall QSN e Capaill (]
L) apm Slea pladiuly Glldg Auhall a8 Z3lall el Jiail) )l 25 3 (Bulk Sample)
md Ghyida 3 asagall (X-Ray Diffraction XPert Pro Pan analytical) g (e sl
Al a2 el e dala Gaprl) 13gd aadinl 25 cdpledull dasla/pslall 48/ o sl sl
o8 i) a2 Slen lpand 8 5 oy Ludl Liall o Jaad dala) dappd padinly 50 5)pemy
(0 -60°) 20 s

A gongall diplall laic) 23 288 (XRD) duiaad) 4ai¥) Glinie e dnhall goled) (ansiily
(d -spacing) ipdll cliledl o Clus PIA (e «(Brindley and Brown , 1980) Ji e
.(Brown, 1961) & dalall agall 4555 pasd axy (alzall
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(sl dyg) Aushall = 3la  ALED Galaall ¢ 158 Lygiall ol 21 Jsaal)

[(<B]

c wn

o S 2 I o

Sample No. g é = = g

@] N @ 3 9

|_

QS1 40.6 1.70 0.87 1.60 55.23
QS2 38.7 2.15 0.46 1.03 57.66
Qr* 40.8 1.50 0.82 1.18 55.70
HS1 41.2 1.63 0.59 1.25 55.33
HS3 40.1 2.10 0.69 1.18 55.93
Hr* 42.6 2.80 0.66 1.56 52.38
TS1 40.1 1.85 0.73 0.82 56.50
TS3 41.2 2.28 0.65 1.34 54.35
Tr* 42.2 2.18 0.53 1.25 53.84
DS1 40.8 2.65 0.74 0.83 54.98
DS3 41.2 1.98 0.45 0.89 55.48
DR* 41.8 2.81 0.39 0.91 54.09
ZS1 43.8 2.05 0.94 1.24 51.97
ZS3 41.5 365 1.30 0.75 52.80
ZR* 39.8 2.13 0.42 0.55 57.10
Av. 41.1 2.23 0.68 1.09 54.90

*QOthers = other Heavy minerals

QS = Qayara 3_tall ; HS = Hamam Alil Ji=l) sles ; DS = Duhok &lsaa 5 TS = Tel
Kaif —<bi; ZS = Zakho s

:(XRF) dpdaga sl o) 4l jlga 4 aladialy g sl Julasl) -3
Chemical Analysis by using X-Ray Fluorescence Technique (XRF).
(REE s0lill dum V) pualiall (mey Leiamrg) 4Vl 4l Gt )l jealiall Jiss
£5 o0 (XRF) Loapedl) dndl ai¥) Sles Jlesinly (Lsdamy 435) Adlall duhall 3Ll
LS /a5 AnalafAsnigl 30S 8 aglsall aud cilyise 8 sasall (Spectro X — LAB 2000)
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Gl il 4 AVl Al juabiall JLeS) Jdaill mln Lade) S5 (2 Jsasdl ) O
Madsadl (25) Wasae Jllls (2 Jsaall) duball a8 sanall

(Lsiaas A5 Aaball z 3kl (% Ayl jealiall) el Jilaill cilily 2 Jsaal

Samp

SiO,

Al,O;

F9203

CaO

MgO

Na,O

K20

MnO

P20s

TiO,

L.O.l

Total

Qr*

35.26

9.66

4.34

19.05

3.34

3.70

1.34

0.29

0.21

0.45

22.24

99.91

QS1

37.56

9.98

5.32

17.85

4.12

3.20

1.52

0.11

0.18

0.74

18.84

99.41

QS?2

34.26

10.55

5.28

18.42

3.55

3.25

1.27

0.08

0.11

0.59

22.12

99.48

QS3

3541

10.33

5.28

18.75

3.35

3.45

1.16

0.07

0.04

0.54

22.26

100.49

QS4

34.28

10.55

4.97

18.32

3.7

3.38

1.12

0.09

0.11

0.52

22.55

99.45

Hr*

37.11

9.74

5.71

19.88

4.45

3.50

1.54

0.09

0.14

0.61

17.86

100.78

HS1

37.22

9.88

4.84

16.54

5.10

2.95

1.33

0.10

0.32

0.67

21.68

100.63

HS?2

34.06

10.65

5.53

17.64

5.13

3.05

1.22

0.09

0.16

0.58

22.53

100.64

HS3

35.17

10.11

4.92

17.75

5.12

3.09

1.23

0.09

0.23

0.2

22.25

100.58

HS4

35.75

9.83

4.72

16.84

5.09

3.07

1.33

0.09

0.32

0.60

21.73

99.37

Tr*

36.88

9.45

5.12

16.25

6.69

2.54

1.48

0.12

0.12

0.70

19.79

99.12

TS1

39.41

9.33

6.70

14.91

4.88

2.55

1.55

0.11

0.15

0.75

20.12

100.46

TS2

36.65

10.11

6.67

15.44

4.68

2.45

1.44

0.11

0.13

0.71

21.18

99.57

TS3

37.84

9.66

5.84

15.33

4.79

2.54

1.45

0.10

0.09

0.61

21.16

99.41

154

39.67

8.50

6.16

14.25

4.40

2.71

1.59

0.12

0.11

0.61

20.75

99.09

Dr*

37.62

8.95

5.97

16.8

5.38

3.32

1.98

0.11

0.13

0.66

19.50

100.42

DS1

38.44

9.63

7.39

15.42

3.45

2.75

1.79

0.13

0.17

0.78

19.18

99.13

DS2

40.55

9.54

6.82

14.61

3.71

2.88

1.57

0.11

0.13

0.73

19.52

100.17

DS3

40.19

9.80

6.25

14.32

3.44

2.80

1.60

0.11

0.13

0.72

19.80

99.16

DS4

39.80

9.75

6.36

15.28

3.38

2.92

1.53

0.12

0.12

0.70

19.22

99.16

Zr*

27.18

5.95

5.94

22.63

6.96

3.76

1.94

0.16

0.09

0.8

24.75

99.82

ZS1

47.92

10.71

8.73

9.79

3.62

2.11

1.15

0.11

0.12

0.98

14.11

100.32

ZS2

45.26

11.89

8.98

10.19

3.86

2.35

1.91

0.07

0.09

0.96

15.13

100.69

ZS3

44.15

11.13

8.58

11.43

3.13

2.56

1.87

0.08

0.11

0.89

16.33

100.26

754

44.31

11.17

8.34

11.24

3.14

2.68

1.82

0.08

0.07

0.83

16.04

99.72

r* = Rock Samples (Average of Two Samples.

S = Soil Samples.

Q = Qayarah , T = Tel kaif , H = Hamam Alil , D = Duhok , Z = Zakho.
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Rock Sample {(Qayarah]} a S = Smectite
: Ch = Chiorite
= illite

K =Kaolinite
&= Quartz

F =Feldspar
€ = Calcite
P = Dolomite

40 A

tatensity

F

20
S+Ch K+Ch
C a
i
HL&AMJAEMMM %WW%?‘?M}%&%&%MMﬁtr‘nﬁﬁ 1\“%.&% M
30 4ID 5[0 Bb

stn 235a) & Tt Golaall Aiand) Za2Y) 3gen Jalaiar JEN
(Qr) 5Ll phaia & sl dual

Rock Sample (Hamam Alil}

$ = Smectite
Lh = Chiorite
1= Hliite

K = Kaolinite
40 Q = Quartz
F=Feldspar
L = Calcite

0 = Bolomite

intensity

20

C a

Q
;M&%’M‘Lﬂwﬁn@%ﬁ%m&%@mﬁ

T T T

%*md %JJWW |

PANIFCRPPN ) I [P u;tuﬂ Aoiad) Aad) aga halada 13 A
(Hr) dlall plas adaia 4 jsaiall dial

Rock Sample(Tel Kayf} Q

§ = Smectite
Ch = Chiorite
I =Hlite

K = Kaolinite
404 Q=0uartz
F=Feldspar
€ ={~Lalcite
D = Dolomite

intensity

20
£
Q

A
i Mgmmsmwwﬁm na

T
0 BD

S+Ch K+Ch F D
; Q
0 HLM"\W)‘HMM%”JW iy
10 20
S Z 39 & Al alaall Al Al s s Jalada 14 JSA)
(Tr) st ahie 3 )sall did

4D

(93]
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Rock Sample (Dohuk} & o e
Q Ch = Chlorite
1=1lite
K = Kaolinite
40 c Q = Quartz
F =Feldspar
C = Calcite
D = Dolomite

intensity

20
E

= Q
s+Ch | K+Ch E a
Q D Q
MWMM
o MMHW\,W ih‘ L’W WM: %\wa doffind
10 20 30 40 50

1
B0
[*2Thetal

(Dr) &saa ghaia & 5 gaall Al KU 3 503 3 L 1 Galaall Al dxiY) 55a b 1(5) Jsall

Rock Sample (Zakhe) o= SiGcHts
Q Ch = Chlorite
I = llite
K = Kaolinite
40 Q = Quartz
F = Feldspar
C = Calcite
D = Dolomite

intensity

20 H .
Q
S+Ch | |KsCh Q F 2 Q
D = a
& c F
o MMMHWM MW ' Wmmijm
1 IU 3IU AID SIU Bb

T
20

[“2Thetal

(Zr) 535 a3 saall Al SN 23 a1 (G Al Oaleall Ay A 2 sa Jakad 1(6) JSa

Soil Sample (Qayarah) g S = Smectiie
1= Llkite
Fofelan

=le =g
AL - ¢ :C=Ca]1:ipte
D= Dolomite
G=Cypsum

£k =

1 : ’ : i T ¥
10 23 = 40 S0
Position ["2Theta]

(QS) 518 akaia & 4 5l Al SN ZisalN) 8 il Galaall Al daiY) 2 sa ki (7)J8al

i %JM%&
B0



25

............

.........

ookt (aoall ek (o 5ia ol Jua) dlge (sl yyaad

Soil Sample (Hamam Alil} S = Smectite
I=lite
40 + K = Kaolinite
Ch=Chlorite
Q F = Feldspar
C Q = Quariz
304 C = Calcite
Intens.
] Q Q
10 L " ik ’JQ c i
A !
o] ﬁﬁf‘imﬁamm%ﬁ A Mﬁhﬁ“if‘* W‘H el @,mem Whasmamal
30 40 5 BB
[*2Theta]

(HS) Jdall plea adaia (3 i il Aiad S0 3 5081 8 sl (olaall Al Zadi) 3 m Jaada 2(8) JSa

20

0

] rff Jhéin%fﬁﬁ &H

Soil Sample {Tel Kayf) Q

"y

}K+Ch

Wl

S = Smectite
K = Kaolinite
Ch=Chlorite
Q= Quartz

F = Feldspar
C = Calcite

D = Dolomite

iQ

T T
10 20

[*2Theta]

iﬂ,w%gmmﬁwWW&%

(TS) asli b & 4 sl dad SN 23 gt 8 Lt 1) (obaall diand) AN 0 g Taladis £(9) JS)
£ . -

40

30+

Intens.

PSR

10

Soil Sample (Dohuk}

ﬁ\'m

F

C

lﬁﬁ* @ixmwm ﬁmk ﬁwmlw Wit

S = Smectite
I=Illite

K = Kaolinite
Ch=Chlorite
F = Feldspar
Q= Quartz

C = Calcite

F

20

30

40
[2Theta]

'5CI ED

(DS) elsn ghie (3 i Al IS 23 5a) (8 i ) (bl Ayl 2 3 g0 Jandia 1(10) )
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Soil Sample {Zakho) Q S = Smectite

I = Nlite

K = Kaolinite
i D=Dolomite

40

Q = Quariz

: F = Feldspar

Intens. C = Calcite

Ch=Chlorite

20

Al Aigmd IS 7 35a) 8 Ayl (pabaall Agisad) Za2Y) 2gsm Jalada 111 (S

(29) b ekie 5

(Semi Quantitative) duS 4ud dgyylay (Aaiyll Galaall) calaall oded Ll 335l Clua
g Sle )l goann o Dlay 55 0 £l dand Juala (o 4230 a5 (3 dsaall) (3 mange LS
e 33k Ayl alaall Apal) 3300 Qluall =308 JYA e iy ealaall Sadiaall il A
O Sby dalad) G 4 Lagpais Aull skl asea 3 (38.69%) a5l
e Apndand) caa BEY) 8 A5 alaFs 585l Cum (g (28.73% Janay) Asl Agyall 8yl
s3] ol Justdl Aglee ) ol agry 285 Auhall adalie ppes B IS Gaee A (alassl
(2011 cgysall) oS5 Lo pa lilgia 130 slag cdilall andy Aila)) Bhalid) (e a5 g3 sl
Al Bhle i Gl 8 Akl bl sl agiul G4y (1997Paquet and Clauer)
Ciad BEY) 8 2y cCulullSl) e J8 sgine cld dadandl BBV 05S8 cdilal) slalially Jaus il
s Wl Ll G e (12,73 Jara) 28N Aoyl Jluwadlil)l (olee @lld 2xy Sy« dpadasd)
(sl e (12.9753.78 % Jaray) 8 ooy Cidalgs 38 ¢(agmually Culaglsall) (9AY) Galad)
O el diadaudl ad WY1 dadandl WY calaal) odgd dage culigyh ol oS5 Al
Gt WY1 A Ane 30l Laag) 3 cmualy JSdns Lo 5)Lal adaie cildie 3 seday A o sl
LY o3a 8 (3asane HUaeY) AaS) 8)Lall adaie b Jud) Gllee 36 D) Gld ey 8y Apadand)
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(k) ) Ayl (pabeall oS ddy ggiall ol (s5inall Y ana 13 Jyonl
Aubal) iy sl zial

Sal\rlr; ple Quartz | Calcite | Feldsp. | Gypsum | Dolom. | Others
QS1 | 3598 | 31.14 | 7.50 3.80 3.75 17.75
QS3 | 38.11 | 30.90 | 5.55 3.90 2.80 18.71
Qr* | 39.84 | 31.63 | 11.15 3.15 2.70 11.53
HS1 | 40.60 | 29.50 | 12.20 3.55 1.75 12.40
HS3 | 36.75 | 31.52 | 11.42 4.52 1.20 14.23
Hr* 38.16 | 30.62 | 17.66 | ------ | ------ 13.55
TS1 4320 | 3172 | 1112 | - | - 14.12
TS3 | 38.60 | 3098 | 1050 | ------ | ------ 19.88
Tr* | 38.80 | 28.77 | 16.60 | ---—-- | ------ 15.84
DS1 | 38.60 | 26.34 | 1212 | ------ | --m--- 22.33
DS3 | 3750 | 28.78 | 11.36 | -----—- | --—---- 22.56
Dr* 39.25 | 27.75 | 1543 | - | --ee-- 17.82
ZS1 | 4480 | 21.14 | 1436 | ------ 1.20 18.68
ZS3 3454 | 21.45 | 16.22 | ------ 6.55 21.27
Zr* 35.66 | 28.78 | 17.82 | ------ 3.85 14.05
Av. 38.69 | 28.73 | 12.73 3.78 2.97 16.98

r* = Rock Samples (Average of two samples).

S = Soil Samples.
Q = Qabalah, T = Tel kaif , H = Hamam Alil , D = Dohuk , Z = Zakho.
Others = Clay Minerals / Heavy Miners.
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Ay gaill daslial (ZRT cnllasis dibisns 0s82)) ALED calaal) cibad anal) ajsil — 1
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Qs lls (Zircon) ¢Sl colee s el Alaje DA Jall hsay) cld ALE) Gl
ol et (gl Gigan axe s dysatill Alal) Leiaslaay i lly (Tourmaline) clleysills (Rutile)
d owad (59 aaall v il as s Gla 181 gl 065 dglee (PUA o Loy a0 Gign
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: Pedological Index (P1) Aagand) Jalal) Jalaa cloa =2

AAE) 385 Al (e Alsye DA Gaaad) (g5 ApeS Sl e Jlall Canall L) b e
"o Alle Aaglie 53 dars Al s Alany Sl Y 4SS FHIEN e cuagad) dalall Glea
cdia¥) alge Gailad aaadl mliay @llayg 4y il dileal

Ao Apula) ClgSall Skl Jlaill day0 Jiey LeS Luliia (Santos et al., 1986) sl
pAny) daleally e ey o)) (Saps «(Pl) i) diall deles dde Ll (6l 551 6Sh Gaza )

PI={( % Oxide / % SiO; in Soil ¥ (% Oxide / % SiO; in Rock)} *100 ........ 1

D Jea¥) 3ol (o cilig€all o3 28 das i sl Q) a8 Gl Alsbadl) o3¢] Ay
sl cillee DA Dl AphEay) @l cli€all Jiasal)l Jdelie Glua 2 35 (gl dlee
(4 dsxall) CaO, Na0 and KO (e NS (e Al

: Index of Relative Stability (IRS) Al 45l Jula -3

Ayl g il syl llealil) palaal Jualal) 258 48 00655 Ayeail) 505 s (jal
Jala (e 3 Ay Index of Relative Stability (IRS) 4wl 25lall Jiy jles aadin) e
Y12 Bare abiagy A0 ANy ¢ 1N ara dawd e galaall o3¢d dy5iall dpill dand

Alaally (IRS) Apeal) 48l Jids e (St Arnaud and Sudom, 1981) ptaldl e
1any)

IRS={(% Minerals/% Quartz in Soil)/(% Minerals/% Quartz in Rock )} *100 ........ 2
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S Gaghlly Jalgall A8 Caany ALB (5 6< ClulSl Gase Glisdy Hlualdll sty cduadiie ()
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Ols daugie oS8 Hlasalill dafy ddaugia (5805 Juardls dpsatl) dlee Gl () oy Lee CaSE Jlal)
Aol (e Alangia Alla b Culuds laalil) 8 oabed) il Gy a0 dau



Aglall Auhall 8 sl Gliad (P1) cunsand) Jalall clalas 14 Jsaal)

Sample Pl CaO % Pl Na,O % Pl K;O %
QS1 87.96 81.19 100.48
QS2 99.51 90.40 97.54
QS3 98.01 92.84 86.20
QS4 98.91 93.96 80.73
Av. 96.11 89.61 92.74
HS1 82.95 80.58 86.11
HS2 96.67 91.04 86.31
HS3 94.21 89.32 84.27
HS4 87.93 87.30 89.64
Av. 90.44 87.06 86.58
TS1 85.86 93.94 98.01
TS2 95.61 97.06 97.90
TS3 91.94 97.4 95.48
TS4 81.52 99.18 99.87
Av. 88.73 96.91 97.81
DS1 89.68 81.06 88.47
DS2 80.68 80.47 73.56
DS3 79.78 78.94 75.64
D34 85.97 83.13 73.04
Av. 84.06 80.90 77.68
Z31 24.53 31.82 62.85
YAV, 27.04 37.53 59.12
ZS3 31.09 41.91 59.34
ZS4 30.46 43.72 57.54
Av. 28.28 38.74 59.71

= Soil Samples

Q = Qayarah, T = Tel kaif , H = Hamam Alil , D = Dohuk , Z = Zakho
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Al dglee L0 e iy (mlaaN) 13y ¢ il dihaie 3 Lo dcaidie (P1) o culS Lay

Sad s Les usill o3 il o dalaVly Gulills 30u&Yls Al dlaill dlesy ABiial) Ala

gl b saly dihie Gl Ggpme g WSy ¢ SN Gamal Luws 2lels Hlwaldll aea (8 L
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: Index Relative Stability (IRS) 4glil Jula -2

Zile B lalilly cylldll) el (IRS) Al 50N Jalead aiill gaen clS cale (S
LAY ey dgas Bl ol V)l Bhlie Gigyl a0l cun ¢land ylEie dudall G
(5 Jsaadl) Auball o zilas b il sSaall (eall (IRS) Zyseail) 25N Jalas il Aasun

Aglall Auhall & il el (IRS) el 48080 Jalas 15 Jsaall

Sample No. IRS Felds. IRS Calcite
QS1 74.48 109.01
QS3 72.03 102.12
AV. 73.25 105.56
HS1 64.93 90.55
HS3 67.14 106.88
Av. 66.03 98.72
TS1 66.16 99.02
TS3 64.58 108.23
Av. 65.37 103.63
DS1 69.87 96.51
DS3 67.05 108.55
Av. 68.46 102.53
ZS1 64.14 58.46
ZS3 63.97 76.94
Av. 64.05 67.70

S = Soil Samples

Q = Qayarah, T = Tel kaif , H = Hamam Alil , D = Dohuk , Z = Zakho
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