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Article information ABSTRACT

N This study is conducted using data analysis of minerals gained from X-
Received: 26- Sep -2021 ray diffraction (XRD) as well as by using the data of chemical analysis
Accepted: 11- Jun -2022 of the main elements measured by the X-ray Fluorescence (XRF) at

. . selected areas in northern Iraq Thirty samples (twenty soil and ten rock
Available online: 30- Jun -2022 samples) are collected distributed through five regions (Qayarah,

Keywords: Hamam Alil, Tel kaif, Duhok, and Zakho) with four depths and two
index of weathering mineral rock samples for each section in order to calculate the index of
Mineralogy Index of Alteration weathering mineral (Xd) and mineralogy index of alteration (MIA) as
Development Soil well as chemical index of alteration (CIA). The aim is to measure the
Chemical Index of Alteration amount of decomposition relative to the resistant minerals in soils and

rocks, as well as to assess the amount and capability of these soils as
evidence of the degree of development, and then the possibility of
classification depending on the degree of resistance to weathering
processes. The results show transaction weathering in these areas
varying in degree and ability of these soils in resisting weathering
processes at different locations and the nature of the original material.

Correspondence: The study shows that Zakho soil samples have a high degree of
Muhamad A. Al-Joboury weathering; on the contrary, Qayarah soil samples have a very low
muhamed.aswad@uomosul.edu.ig degree of weathering due to different topographical and climatic

conditions of these two regions. The remaining areas are intermediate
in the degree of weathering, considering that these areas have received
variable amounts of rain precipitation ranging between 1,000 mm /
year as in Zakho and 250 mm / year in Qayarah area. The topography
of these areas is different being high in Zakho and low in Qayarah area
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Sample No. Quartz Calcite Feldspar Gypsum Dolomite Others
QSs1 43.70 25.14 12..50 3.60 3.75 11.25
QS3 38.11 30.90 11.55 3.90 2.80 12.71
Qr* 35.84 32.63 15.15 3.15 2.70 11.53
HS1 40.60 29.50 12.20 3.55 1.75 12.40
HS3 36.75 36.43 11.42 152 1.20 12.73
Hr* 38.16 30.62 1766 eeeeee e 13.55
TS1 43.20 31.72 1112 e e 14.12
TS3 38.60 32.80 1050 e e 18.18
Tr* 40.80 28.77 1660 0 - e 15.84
DS1 38.60 32.34 0950 - e 19.33
DS3 37.50 33.78 0936 @ e e 20.56
Dr* 39.25 26.75 1543 e e 19.12
ZS1 44.80 22.56 0850 - 1.20 22.68
ZS3 34.54 30.45 0714 - 6.55 21.27
Zr* 39.66 26.78 1782 3.85 14.05
Av. 39.69 30.06 12.51 3.14 2.89 16.04

r* = Rock Samples (Average of two samples)

S = Soil Samples

Q = Qayarah, T = Tel kaif, H = Hamam Alil, D = Dohuk, Z = Zakho
Others = Clay Minerals / Heavy Miners
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A 3l 3l (REE 50 daim V1 pealial) (ans Lgbani 5) A 5915 G gilill 5 daai ) ualial) (a3 o
Spectro X— LAB ) g 58 0« (XRF) daase sl il 225Y1 Jlea aladiulyy (2 Jsaadl) (Lsdaas 4 5) )
LS5 /580 Aaala / Audigh S 8 s gl pal) s G ik 83 9 5all (2000

(2 Jsaall) Al ,all 28 saall g oyl 3l g3 4 V) g A pl) ealiall 5Ll Syl il caadie) o8
Aul ) alalie & 4l el (Weathering Indices) dasaill clalas Clua aiy ad gail 20 Liase &l
(3) Jsaall e WS

(253a9 & i) Al ja) g 3adl (WEY0 deasi 1) pualiall) Al Jalladll cilily 2 J gaad)

Sa. Si02  AI203  Fe203  CaO  MgO  Na20 K20 MnO _ P205  Ti02  L.OlI Total
Qr* 33.6 9.66 4.34 21.0 3.3 3.70 13 0.2 0.2 0.5 22.2 100.1
Qs1 375 9.98 5.32 17.8 4.1 3.20 15 0.1 0.1 0.7 18.8 99.41
QSs2 34.2 10.5 5.28 18.4 35 3.25 1.2 0.1 0.1 0.6 22.1 99.48
Qs3 35.4 10.3 5.28 18.7 3.3 3.45 11 0.07 0.04 0.5 22.3 100.5
QS4 34.3 10.5 497 18.3 3.7 3.38 1.1 0.09 0.11 0.52 225 99.45
Hr* 37.1 9.74 5.71 19.9 4.4 3.50 15 0.09 0.14 0.61 17.8 100.8
HS1 37.2 9.88 4.84 16.5 5.1 2.95 13 0.10 0.32 0.67 21.7 100.6
HS2 34.0 10.6 5.53 17.6 5.1 3.05 1.2 0.09 0.2 0.6 22.5 100.6
HS3 35.2 10.1 4.92 17.7 5.1 3.09 1.2 0.09 0.2 0.2 22.2 100.6
HS4 35.7 9.83 4.72 16.8 5.1 3.07 13 0.09 0.3 0.60 21.7 99.37
Tr* 36.9 9.45 5.12 16.2 6.7 2.54 15 0.12 0.1 0.7 19.8 99.12
TS1 39.4 9.33 6.70 14.9 49 2.55 15 0.11 0.1 0.7 20.1 100.4
TS2 36.6 10.1 6.67 15.4 4.7 2.45 1.4 0.11 0.1 0.71 21.1 99.57
TS3 37.8 9.66 5.84 15.3 438 2.54 1.4 0.1 0.1 0.6 21.2 99.41
TS4 39.7 8.50 6.16 14.2 4.4 2.71 1.6 0.1 0.1 0.6 20.7 99.09
Dr* 37.6 8.95 5.97 16.8 5.4 3.32 1.9 0.11 0.13 0.66 19.5 100.4
DS1 38.4 9.63 7.39 15.4 3.4 2.75 18 0.13 0.17 0.78 19.2 99.13
DS2 40.5 9.54 6.82 14.6 3.7 2.88 1.6 0.11 0.13 0.73 19.5 100.2
DS3 40.2 9.80 6.25 14.3 3.4 2.80 1.6 0.11 0.13 0.72 19.8 99.16
DS4 39.8 9.75 6.36 15.3 3.4 2.92 15 0.12 0.12 0.70 19.2 99.16
Zr* 27.2 5.55 5.94 22.6 6.9 3.76 1.9 0.16 0.09 0.8 24.7 99.82
Zs1 479 10.7 8.73 9.79 3.6 2.11 1.1 0.11 0.12 0.98 14.1 100.3
ZS2 45.2 11.9 8.98 10.2 3.8 2.35 1.9 0.07 0.09 0.96 15.1 100.7
ZS3 44.1 11.1 8.58 11.4 3.1 2.56 18 0.08 0.11 0.89 16.3 100.3
754 44.3 11.2 8.34 11.2 3.1 2.68 18 0.08 0.07 0.83 16.0 99.72
r* = Rock Samples (Average Two Samples)
S = Soil Samples

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

Alaansll g Adanall 4 gl idlalas

A8 jall ALl il Sl Ll Aa ) ApeS waaT (A agay (o) ALl g Al 4 gaill E3llaa 93
Lol ol gl saall o) e e b lebaall o3a gadai (San s ¢ gaill Cililae JNA 4 jaiiall jie el Sall duas
a5 sl 5l 5 ) samall G A8l a5 oy Al slae (8 Sl hasS son sl L 068 Al Db Sl 5 pualinll
.(Haskins, 2006) eix 5 43 gaill
(Xd)Absnal) 4523l Jalaa

igme (e (3aadad Ll Apiamall 2 gl B lelaa (b edilaasS) A gatll i alae Al b LS A gliia 48y
s ) lwaldl) e auzady 3351 6SH g jlualal) IS ol e cansl 5115 sioall 4y st Ao o apl
L€y iveall (338w JUA ey "lansd daslia SIS aay 53 3551 6SH e 43 jlae g sal) cililee A daga
.(Haskins, 2006) sxibud) 4, saill 4 53 5 & sls 39383

slaally 4l emys o(Xd) 4o Gl Janall Jlatll s 3 Jiey Lidas LS Luliia (Lumb, 1962) ¢ !

-

Ay
Xd xro = (NG — Nqo) / 1- Ngo -------- 1)

Ng xro = {(% Quartz) / (% Quartz + % Feldspar)} in the Soil ----- (2)

Ngo xro = {(% Quartz) / (% Quartz + % Feldspar)} in the Rock----(3)
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Clus 4 sa8 daws () Aasgie (585 lawaldll dady Ao gie (585 Jausll s 452l dlee 8 (> 0.5
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AB o ALB 5688 Hlualdll Jlat g dumddie 88 sl g Ay saill Llee U (X d < 0.5) ad 5SS
Masaas U gie Al 8 i oS5 38 5l 8 el A sadl) cllee o Lo selud i) Cag Hall s Jal sal
ol e OsSaall Ul (e g sl 1aa (0 65y 5 A sl (1
:(Mineralogy Index of Alteration MIA) (Faxal) ulaill Jalza

L) iyt A A saill Jalje A A il A0 ) ol sall 5 i o€l Jlat A3 e Jalal) 138 ey
Al YA (e Ayl 28 il z 3kl (MIA) sitmall il Jabaa e cilusa i 385« sSall o2
:(Pierre et al., 2007) cws AUl

MIA =2 * (CIA —50) =----xmm- (5)

(YIS A 5 sl Cillee YA 2 sall 5 sl Jlas a3 LY "L ki radll lac) 5

ddma iy I MIA=0-20%

Ao gie 4y s23ll MIA =20 — 40 %

sl 4y sa3ll MIA =40 - 60 %

4 jlate y 4y g2l Alle MIA = 60 — 100 %
Chemical Index of Alteration (CIA) il bl Jalaal)

ps23 geall 5 o sl sall yualial (LOSSES) (onaill plaadll e (CIA) il SlesSl daleall o ang
Al Jal jall JUA (Al psialY) paiad (Enrichment) il leY 5 (Ca, Na and K) asedlS)
Al (CIA) il Sl Jalaal) e jumy g o ill 45 5Sall 4 5¥1 3 sall ) saiall 4 il cililaal
:(Nesbitt and Young, 1982) < 45Y)

CIA = mole Al,O3 / moles (Al.O3 + CaO + K>0 + Na.Oz) * 100 ------ 4)

de mual L5 (CO2) (0 W8S, Lo dal = ko Lganaiai o3 38 Alaladll 8 (CR0) 4e o)) "lale
.l g S e A (CA0) psmnall Sl 20S

A58l E.\l.'.'\.d\

‘e alaall o3 Alia L Lo g
(Xd): danall Ay g3l Jalas -1

A G zila b S llal) (Xd) af o Jaadh o(3) Jsaalls el (1) Aslaall galial "aliiu
0% ISy "Ll o3 il n 3 ((0.480) Janars (0.512 — 0.448) O g5l 3
O Tl e B i (8 dad o) ) Cliagy el alea s aslip @l gan i zalad sladly
ol <l il (il 5 Alle (55 Jansitll 5 4 saill e o ey Las (0.25) Jares s (0.24 — 0.237)
Gllee P NS5 AilasS guall & il 35S0l dal jell JOA Any ju 48 ja elliad Al jLualdll (oma
A Al (5S35
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OS5 Jlwaldll Galea Jlad () 5 dadiiie () 5S5 Gl 5 4y gaill dlee U Gl (X d <0.5) a8 O im 120 5 duaidie
Ala 3 S5 38 il b el e padl) cililee aplis e aelid 3 Cagylall 5 al sal) 18 s "Ll Fmidia
gladl (Xd > 0.5)a8 cilS o (b gl e A0Sl il (e g sl 1 0505 4 sl (e A sia () Al
Lsad A O s Ao sie Jlasaldl) Jlad A 0 oS5 GlIXS 5 A e 585 Jpusll 5 4 gl dlae (8 @l ¢ a5
a0 A sl e Aans sie Al (8 i oS5 08 Al o3 & A i) (8 el 5 (9%50) (A Jbesalil) G Calaal) Sl
o) &V (Haskins, 2006) oS3 Le ge "8l sia 4all 4 jall G giles b (Xd) el 4 saill Jalae il
LY Jalall A il e el il 5 3550 &0 e el V) ek dadl) 228 plii )
Clidee 5ils e clls Layy il dilaie (8 "l Ll (Xd) af o8 13 2 ) 0S5 Sllee 5 & i) Clilaa]
M 5 AT G Lo o il 038 il e ZaLeY 15 (il 5 3015 ALl Jlaill Cllons ATaiall Aloa S A gl
Lol iV ama B e gl el 5A) ) Adlaie o)) Cig yme LSy 30 sSH (panal "l Melie )5 jlaealil] ea
Alasll 4 il Clilee (daga )50 41 055 A5 (1000 MM/Yr) 252 (6 sl (5 kel
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Ldad) Lol B 4 clial (MIA) (Sirall il g (CIA) (Suasl) il g (Xd) Aol 4 sa3l) cdlalaa 3 Jgaadl

Sample Xd CIA MIA
QS1 0.264 52.48 4.96
QS3 0.237 52.75 5.50
Av. 0.250 52.61 5.22
HS1 0.269 53075 7.50
HS3 0.251 52.76 5.52
Av. 0.260 53.26 6.52
TS1 0.298 55.06 10.12
TS3 0.261 53.63 7.26
Av. 0.279 54.35 8.70
DS1 0.300 54.55 9.10
DS3 0.302 55.65 11.30
Av. 0.301 55.12 10.20
ZS1 0.512 67.71 35.42
ZS3 0.448 64.74 29.48
Av. 0.480 66.27 3254

S = Soil Samples
Q = Qayarah, T = Tel kaif, H = Hamam Alil, D = Dohuk, Z = Zakho
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0.45 //
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0.3 ¢
L 2
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0.2
50 60 70
CIA %

(Xd) (axall & gaill Jalaa g (CIA) AL Al Jalaall G 43 skl AB3lal) 12 JS&)

Chemical Index of Alteration (CIA) sl bl Jaleal) -2

Gy ealiall G il G e A0 Alal) (CIA) af 0sSi odlel b (4) Aslaall il ) "aliiu
sl e aaBly s 4 il (oS5 llee IS Gl 5 4iLasS saal) 4 52ill 3 jSaall Jal jall JOA Ay s 48 e il
(% 66.27) Jixars (% 67.74 — 64.74) o 5 G )3 G zilai 3 il 4l (CIA) a8 o (3)
A ol MY gem s Jalell alas 5 CaSlig ol g i gz Bl alaily o 535 IS g "l 85wl 038 Cumdl) (pua B
(% 52.61) Jamars (% 52.75 — 52.48) Co ) s (s2a2s 58 i rilas L L]

G zilal a5 (s AV A all Gy 23l (CA) Jaeill el Jalaal) o ves <ilS cale (S0

& (CIA) Laill Sl Jalaall il saniy "l daddie daill 02a x5 (% 52.61) 2530 o4 5 4 )lEia 3 L8
slie V) A pads dadll 038 gl& ) ol ) (Zhang et al., 2007) oS3 Lo ae 4 gia ddlal) 2l jall @ 5 z3lal
Glalee 5 4 gl clileal 43 W) Ja) all J3A (Ca, Na, Mg and K) saliall 8 Sl glaiall g o saiadS sl
P e ISy Soany pualiall Gl Sl laadll s o ) "Layl (Zhang et al., 2007) Jlals A il o s<s
Maga Jalall 138 2y LS5 (5 plaall Jalodl (e e by abins 3 ka0 400 i) i) 8 4 i) 0 5K5 e
Gllall (CIA) ad 12 5 shaitall il Al 53 (g sl 4 sail ALY Jaloal) o il 8 dasDle ST
Ol 5 3ausY 5 Al Jlaill Cilglasy Aiaiall 4passl) 4y saill cillee 53l e clls Lay ) sa) ) dilaie b "
psaial¥) paial "L "elie) 5 (Ca, Na, Mg and K) swabiall sded "Ulai Caws Las o sill 038 zilai e Zale¥l
Sl (1000 mm/yr) 2sass s siall (5 hall Lilull E¥ara A ol gl L UG &) ) Ak o) G jaa WS
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Al ) 088 a5 (% 20 >) Aaddie dul jall Gy zila 3 (MIA) ad el o) (3) dsaad) e asdl
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(4.96%) 5048 @y gilai (& (MIA) 4 JB) clia s Lty 28l o gie ) Adsmacall (e Con gl 5 Lg 4 il
S A o 2 o 5 il il Ly (53 e (% 8.70 and 6.52) el plea 5 2SI zilas ey 8 Ll
Ay Lagi i (MIA) o Ol La s Giihaiall G dpaliall g plall il @l 5 il 5 i il ) 4w 8 (10.20 %)
oyl ddlata a5 Al jall @ 3l 8 (CIA) aff (alidid) g 80k ) el (JI el 508l 388 (CIA) ae 3k
(a5 Bla¥) e ) Aem sl Aleasl 4 gl Alee e g ylall o3a il 5 481 52 s shall 5 Aalid)

70 /)
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< 60
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Glaliiiay)
sl Ly Al A Jal) 8 Ll Jua il 3 ) sV aal Jlea) (Say
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el o) A (Mineralogy Index of Alteration, MIA) (Saxall il Jalaa il & LA -
e slialy Al 4 saill s ) 0 a5 (% 20 >) dmidie du jall (i g3l 3 (MIA) o
J8) calia 5 Laiy 33 Jaws e ) Adgracall (e Com gl 55 g sl Al () (g Andi yo il Al 5A 5 s
sda il 5 4l e o ghall g AAliall (g lally dllaia a5 (Jidall alan 38 i zilas A (MIA) J 4ad
(Sl ALY Cllae) daia sanl) ALl 4y il dilee e Cag Ll

A0l A 51 pealindl g S 1) 20 SYL "l 2Ue ) ollia ) il gl Jalladll cilily & jelil
Jalall ales s 3L adaie 4 5 catie) Laby «paay ) (oahaie i & Al )kl S 5
Ol e (8 Q] (uSay o) 5 15 adall ) shall (S 5 8 Alaall 4 )51 ualiall 5 4 )l 2aulSYL
) ) ) Al G b Ay sl

olas ) (Chemical Index of Alteration, CIA) il bl Jalaall o il & LS -
«garg il ) ahie o yi A (Al and Si) cnraiall il (e 5 (Ca, Na, Mg and K) <l sSall
<« A (Al and Si) G raiall s (=liasl g (Ca, Na, Mg and K) <l Sall i) elie V) i
il alas 53 L8 =kt

JJMAS\

Al-Jubouri, M.A.J., 2011. The importance of some geochemical and pedogenic factors
affecting the formation and development of soils in selected regions of northern Iraq,
unpublished PhD thesis, University of Mosul, College of Science, 252 P.

Brindly, G.W., and Brown, G., 1980. Crystal structure of clay minerals and their X-Ray
identification. Min Soc. No.5, London, 495 P.

Brown, G., 1961. X-Ray identification and clay minerals. Min. Soc. (Clay Min group),
London, 544 P.

Haskins, D., 2006. Chemical and mineralogical weathering indices as applied to a granite
saprolite in South Africa. IAEG2006 paper number 465.

Lumb, P., 1962. The properties of decomposed granite. Geotechnique, 12, pp. 226-243.

Nesbitt, Y.W., and Young, G.M., 1982. Early Proterozoic climates and plate motions inferred
from major element chemistry of lutites: Nature, VVol. 299, pp. 715-717.

Paquet, H., and Clauer, N., 1997. Soils and Sediments, Mineralogy and Geochemistry,
Springer-Verlag Berlin, 369 P.

Pierre, N.J., Alexaudre, G.A., Richard, K., and Emmanuel, E.G., 2007. Mineralogy,
Geochemistry and Provenance of Kaolins from the paleolake of ngaoundere (Cameroon,
Central Africa, J. of eng. And applied sciences, Vol. 2, pp. 1365-1376.

Zhang, G.L., Pan, J.H., Huang, C.M., and Gong, Z.T., 2007. Geochemical features of a soil
chronosequence developed on basalt in Hainan Island, China, Revista Mexicana de
Ciencias Geologicas, Vol. 24, num. 2, pp. 261-269.

12



