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Different locations were chosen from northern Iraq representing calcareous
soils included (Zawita, Atrush, Bastaki, Zakho, Harir, Shaqlawa, Dukan,
Jawarta, Samaquli, Aqrah) with three depths (0-20), (20-50), ( 50-80) cm to
study the changes and transformations of carbonate minerals in the soil when
adding water of different ionic strength in order to applicate thermodynamic and
kinetic approach of these transformations using XRF analysis to measure the %
of elements, % oxides of elements, the molar ratios between the oxides, as well
as the using XRD to identify the carbonate minerals in the soil after using these
waters.

The results of thermodynamic equilibrium showed that the effectiveness
coefficient of Ca, Mg, Fe, Zn in the water of the Tigris River and the mixed
water was high, reaching the highest value (0.85) and (0.83) in both types of
water, respectively, compared with sulfuric water and chloride water. Mixed
water had the highest activity for Ca and Mg (10.54) and (6.49) mol.l"",
respectively, and Tigris River water gave the highest activity for Fe and Zn,
which reached to (0.54) and (0.024) mol.I"', respectively.

The omega (QQ) results showed that the carbonate minerals could be arranged
from the most precipitated to the least precipitated according to the type of water
used:

Chloride water: calcite - siderite - dolomite - smithsonite - magnesite.

Sulfur water: siderite - calcite - dolomite - smithsonite - magnesite.

Tigris River water: siderite - calcite - dolomite - smithsonite - magnesite.
The results of the saturation index (SI) showed that calcite and siderite were

more precipitated with chloride water (6.07) and (6.08) respectively, and siderite
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mineral was more precipitated with Tigris River water (7.52) and sulfur water
(6.99), and calcite and siderite were more precipitated with mixed water (7.07)
and (7.56), respectively.

The results of solubility diagram indicated that calcite mineral controls the
behavior of calcium, magnesite control the behavior of magnesium , siderite
mineral controls the behavior of iron, and smithsonite mineral control the
behavior of zinc in these soils.

The behavior of carbonate minerals due to kinetic approach showed that calcite
appeared clearly with chloride water at the three depths compared with sulfur
water and Tigris river water in the soils of ( Atrush, Aqrah, Shaglawa, Dukan ,
Jwarta) , also the behavior of magnesite transformation appeared clearly in the
five locations , therefor there was an interference between sulfur water and Tigris
river water , and it was also noted that the behavior of dolomite was more clear
with chloride water , in addition there was an interference between sulfur water
and Tigris river water for dolomite behavior . As for the pathway of siderite
mineral , it differed from that of calcite , magnesite and dolomite , were not clear
but it was dominated by interference in the three waters . Likewise , with regard
to the solubility pathway of smithsonite mineral , because there was an
interference of this mineral with the three waters in these soil .

siderite mineral, it differed from that of calcite, magnesite, and dolomite, i.e. it
was not clear, but it was dominated by interference in the three waters of the five
soils. Likewise, with regard to the transformation path of the smithsonite
mineral, there was an overlap of the curve of this mineral with the three waters
and the three depths of the five soils.

The results showed that calcite give a high rate coefficient for dissolution
with chloride water for all soils reached to (343 x 10™ hr ') , and magnesite had

maximum rate in sulfur water (356 x 10™ hr ) , but dolomite has the highest
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rate of dissolution in chloride water (366 x 10 hr ') , and siderite has the
highest rate of dissolution in chloride water (247 x 10™ hr™).

XRF results showed that calcium appeared at the highest percentage
(22.2%), (21.9%) , (21.7%) in sulfur water, Tigris River water, chloride water,
respectively, magnesium at (11.5%) , (11.3%) , (10.9%) in the sulfur , chloride
waters and the Tigris River water, respectively. The results also stated that
Ca0O% reached the highest value (31.08%), (30.66%), (30.38%) with sulfur
water, Tigris River water, and chloride water, respectively, and MgO% reached
the highest value (19.55%) (19.21%) , (18.53%) with sulfur water , chloride
water , Tigris River water, respectively, and FeO% at the highest value (7.67%) ,
(7.02%) , (6.64%) in chloride water , sulfur water , Tigris River water,
respectively, and ZnO% at the highest value The value of (46.9 x107%) , (33.8 x
107 %) , (33.1 x 10 %) in chloride water, Tigris River water and sulfur water,
respectively.

The results of the molar ratios between the oxides indicated that the ratio
between Si0,/R,0; considered a criteria for the occurrence of weathering and
transformation of minerals in the soil , as the low ratios (1.37 - Tigris River
water), (2.74 - chloride water) and (2.88 - sulfur water) indicate the occurrence
of Weathering intensity , unlike the high percentages , As for the CaO + MgO /
Al,Oj ratio, its increase means that Ca and Mg are leached out in the soil system,
where it reached at highest value (8.77 - Tigris River water), (7.87 - sulfuric
water) and (7.29 - chloride water) , and the molar ratio of CaO/MgO% shows the
extent of the transformation of the carbonate minerals that include Ca and Mg, as
it reached at highest value (6.42 - chloride water), (6.57 - sulfur water) and (6.63
- Tigris river water).

The results of (XRD) for carbonate minerals in thees soils showed the

presence of dolomite and calcite minerals in high quantities before using water
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of different ionic strengths, but after using them, a predominance of calcite,
dolomite and nesquhonite appeared in the soil of Atrush and in the soil of Aqrah,
the presence of calcite, dolomite and nesquhonite before and after using different
ionic strengths While the minerals magnesite, siderite, and smithsonite minerals
did not appear. As for the Shaqlawa soil, dolomite, calcite and nesquhonite
minerals were found before and after using this water with the absence of other
carbonate minerals. The same minerals above also appeared before and after
using water in Dokan soil (calcite - dolomite - nesquhonite). Calcite and
nesquhonite were present before and after the use of this water in the Jwarta soil,

with disappearance of dolomite, magnesite, siderite, and smithsonite minerals .
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