A study on the correlation of the properties of parent rock and soils of different geological origin.
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ABSTRACT
The present study examines the nutrients and micronutrients availability of uncultivated soils originated from different parent rocks. The study areas include four types of parent rocks with different geological origin, from acidic to ultramafic. The parent rock mineralogy and the nutrients available in soils are in strong relationship. Mineralogy, particle size distribution and chemical composition of the soil samples were studied jointly with the nutrient content of soil solution. High magnesium availability in soils of Anogia area is related with the alteration products of the ultramafic rocks. Potassium content of the soils exhibits no relation with the geology of the area. Micronutrients, iron and manganese, shows strong dependence to the bulk chemistry and mineralogy of the parent rock material. In contrast no interrelation detected between zinc and copper availability in soil and parent material.
1.INTRODUCTION
Elements, such as, potassium and magnesium, play a major role in plant growth. The nutrients pool in soils is influenced by atmospheric and weathering deposition (Stutter et al. 2003). The nutrients primary sources input is further affected by drainage outflow, biomass removal, and other processes such as, secondary mineral formation, cation exchange and vegetation release. However, lithology also has strong influence on the elements presence in soil, while pronounced interrelations may exist between all the factors mentioned above. Studies have shown that areas underlain by serpentinite or generally ultramafic rocks are rich in Mg, Fe, Ni, Cr and depleted in K, Ca, P, Zn, which has led in dwarf vegetation forms (Roberts and Proctor 1992).

Although there are significant studies in mineralogy and geochemistry of soil samples in Greece (i.e Egli, 1993, Nakos, 1984), there is less consideration in the interplay of nutrient sources (atmospheric deposition and parent material weathering). The present study seeks the parent rock deposition “signature” in nutrients and micronutrients present in soils. It also aims to identify, which nutrients are sensitive to soil formation and which exhibit no relationship with the underlain parent rock. For this, soil samples were collected from areas of different geology outline and investigated for their mineralogical characteristics as well as for the nutrient content of their soil solution.

2. GEOLOGICAL OUTLINE.
The samples were collected from four areas of different bedrock mineralogy and lithology. These areas are Platanos, Omalos plateau and Kantanos in western Crete, and Anogia in central Crete.
Platanos area comprises mainly of Miocene marls. Intercalations of limestones and sandstones exist in the marls. The soil thickness developed in the marls is limited due to topography (steep slopes). 
Omalos area is situated in the west part of “Lefka Ori” mountains and its geomorphology is a typical plateau. 
Omalos plateau lies on the fault separating the “Trypali” nappe from the underlying limestones. The area consists of three geological units i) Neocene and Quaternary formations ii) Trypali unit iii) Plattenkalk group. The plateau consists mainly of marl and conglomerates which lie on the “Trypali” limestones. The rock formations around the Omalos plateau are mainly part of the Trypali unit and less of the Plattenkalk group. (Manutsoglu et al, 2001, Φυτρολάκης 1980, Dornsiepen & Manutsoglu1994). The soil samples were collected from areas, where the soil film overlays the Neocene and Quaternary formations.
Anogia area is underlying by ophiolites (mainly ultramafic rocks:peridotites). The most extended ophiolite outcrop in Crete exists in the area of Anogia village. The ultramafic rocks comprise predominantly from serpentinized peridotites, and their appearance is strongly eroded showing Karst features. The overlying soil is mainly of limited thickness, whereas in land depressions and karst cavities the soil layer appears much thicker.
The parent rock of Kantanos area comprises of metamorphic phyllite-quarzite group of the Pyllitte nappe. Quartzite Group in West Crete-Peloponnesus facies belt is characterized by an alternation of meta-greywackes, meta-sandstones and meta-pelites. Subordinately meta-basalts, mud-supported conglomerates and thin limestone layers occur. Terrigenous sediments are interpreted as representing a complex turbidite suite of a deep-sea fan (Greiling and Skala, 1977; Seidel, 1978). Conodonts indicate ages ranging from the Late Carboniferous-Early Triassic (Krahl et al., 1983). The soil samples were collected from areas where the bedrock material is meta-greywackes/meta-sandstones (Quartzite).
3. MATERIALS AND METHODS
3.1. Sample collection and storage.  Sampling was performed using a special soil auger, designed for all soil types. Samples were collected from sites chosen according to three strategic guidelines i) sites with uncultivated soils ii) sites where different soil horizons were apparent iii) sites where the mineralogical variation was apparent due to different parent materials. The number of samples for each area were nine (O1-O9), seven(K1-K7), eight (Y1,Y3-Y9) and eight (PL1-PL8) for the areas Omalos , Kantanos, Anogia and Platanos respectively. Samples were transferred to the laboratory, crashed, dried at 37ºC for 48 h, homogenized and sieved with 2 mm sieves. Finally, the samples were put in plastic containers and stored at room temperature until use. 

3.2. Mineralogical analyses. Mineralogical composition was determined by X-ray diffraction XRD techniques using a Siemens D500 powder difractometer, on the sample fraction below 63μm and below 2μm. These fractions were attained by separation with an Atteberg cylinder. The data obtained at 35 kV and 35 mA, with a graphite monochromator, using CuKa radiation. A 0.03° scanning step and 2-s scanning time per step was used for the range 3 to 70°. The qualitative evaluation of the data was done with the Software Diffrac Plus from SOCABIM. The quantitative analysis was carried out by the Rietveld Method.
3.3. Chemical analyses on soils and soil solutions. pH was determined in the supernatant of a ratio 1:2 soil : water mixture as described in Sparks et al, 1996. Available K, Mg, were extracted from soil samples by CH3COONH4 1 M, and determined by atomic absorption spectroscopy (Perkin Elmer AA100). Available micronutrients: Fe, Cu, Mn, and Zn were extracted by the DTPA method, (Lindsay and Norvell, 1978), and atomic absorption spectroscopy was performed for the determination of their concentrations. 
The total concentrations of major elements were determined by X-ray florescence spectroscopy, on the sample fraction below 2mm (energy dispersive spectrospectrometer, Model: S2 Ranger). The measurements were carried out at 40 kV with an Al filter (500 μm) for the heavier elements (Fe, Mn, Ti, Ca, K) and at 20 kV for the lighter elements (P, Si, Al, Mg, Na).
3.5. Grain size analysis.  The content of sand, clay and silt of the samples was determined by Bouyoucos method (Bouyoucos, 1962). 
4.RESULTS AND DISCUSSION 
The mean values of the bulk chemical analysis of the soils investigated are presented in Table 1 and the mean values of the nutrients in soil solutions are presented in Table 2. The grain size distribution of soils examined is presented in Figure 1. Omalos soil samples are mainly acidic (SiO2>65%). Thel samples from Kantanos area appeared also acidic. However, their SiO2 concentrations were lower compared to those of Omalos samples. Analysis of Anogia samples exhibits low concentrations of SiO2 (ultramafic, <45%SiO2) with very high concentrations of MgO and low concentrations of K2O as compared to Omalos and Kantanos samples. Platanos area consists of soils with high concentration of CaCO3 (calcareous) and slightly higher concentrations of MgO as compared to Omalos and Kantanos samples. Potassium oxide is higher compared to Omalos and Anogia samples. From these results one can withdraw a clear correlation between the soil samples and the corresponding parent material.
Potassium availability in soil solution  for each sampling area appears rather steady. Comparing the mean values of potassium concentrations in the bulk soil analysis (K+ XRF) and in the soil solution we mark, that the soil bulk chemistry shows no correlation with the potassium availability in soil solution (figure 2a). In contrast, the mean values of magnesium concentration in soil solution exhibit remarkable correlation with the bulk chemistry of the soils (figure 2b). The magnesium availability in soil solution is strongly related with the mineralogy of the parent rock. Especially Anogia samples exhibit oversupply of magnesium in soil solution which is in accordance with the results reported by Kram et al (1997). The same researcher reported oversupply of Mg2+ nutrient in soils developed in serpentinite site. Magnesium availability, in Platanos soil samples, also follows the increase of the mean bulk magnesium concentration. The higher rate of weathering in ultramafic minerals present in the bedrock, in Anogia area, is related with the high release of Mg2+ in soil. Shutter et al. (2003) declared a strong correlation of the exchangeable basic cations in soil and in soil solution, with the parent rock. The steady values of potassium concentration in soil solutions among the different sampling areas (acidic, calcareous and ultramafic parent rock) denote the different rate of input and output of potassium in soil compared to magnesium. According to Kram et al. (1997), there is a deficiency of potassium in soil which overlays acidic rock due to low potassium input (weathering resistance of acidic rock :leucogranite) compare to the output. 

Soil pH values appear higher (alkaline) for the areas of Platanos and Anogia which is related with the higher availability of the so called “basic” cations in soil solution (table 2). Omalos and Kantanos exhibit lower pH values which is related to the lower concentration of basic cations available in soil solution. The preceding observations are in accordance with the results presented by Vestin et al. (2006), where soil underlain by mafic rock gave rise to higher pH due to presence of basic cations compare to soil overlay acidic parent rock.
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Figure 1. Grain size distribution.
Particle size distribution for Anogia and Kantanos samples depicts a coarser soil compared to the other areas (loamy sand-sandy clay loam-sandy loam). Nevertheless, the soil solution content for several nutrients such as Mg2+ is not affected by the particle size distribution. Platanos soil particle size distribution shows a finer soil (clay and silty clay loam) which correlates with the parent rock genesis (sedimentation by chemical precipitation). The finer soils in Platanos area impose no remarkable increase in K+ and Mg2+ availability in soil. Omalos soils particle size exhibits a broader distribution from loamy and silt loamy, to sandy loam and sandy clay loam. The broader particle size distribution is probably related to the different sediment supply from areas surrounding Omalos plateau. 
In table 3, the mineralogy of soils for grain size fractions of <63μm and <2μm is presented. Omalos soil samples exhibit high concentration of quartz in the grain fraction <63μm. Limited calcite appears in soil despite that the bedrock and the surroundings are mainly limestones. The deficiency of calcite in the soil, exhibits the lack of interrelation of the Neocene and Quaternary formations, where the soil developed, and the surrounding limestones. Kantanos soil samples mineralogy shows resemblance with the acidic parent material (phyllites, quarzites). Despite the presence of the secondary minerals, illite, kaolinite, in Omalos and Kantanos samples, K+ availability shows no increase compare to the other soils. Platanos soils appear rich in calcite with some dolomite. Mineralogy of Platanos soils are in accordance with the parent rock. High pH values are related with the presence of calcite in Platanos area. Anogia samples exhibit high concentration of antigorite (Mg3Si2O5(OH)4), in both particle fractions (<63μm, <2μm), which is probably responsible for the higher concentrations of magnesium. Also the presence of talc (Mg3(OH)2Si4O10), and montmorilonite ((Na,Ca)0.3(Al,Mg)2Si4O16(OH)2•(H2O), contributes to the magnesium and iron concentration in soil solution.. Mineralogy of Anogia soils is typical of a weathered ultramafic rock.
Figure 3 clearly shows the strong interrelation of clay content analyzed with Bouyoucos method and the extractable potassium content in soil. F-test contacted (ANOVA: analysis of variance) with significance 5%, for the data in figure 3. Results from the statistical analysis show a strong probability of the hypothesis of linear relationship of the clay content and potassium availability in soil (F test:115,41, theoretical value 4,18). 
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Figure 2. Diagram of mean values of a) potassium in bulk analysis (XRF) and soil solution, and  b) magnesium in bulk analysis (XRF) and soil solution.
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Figure 3 Clay content correlated with extractable potassium, in soils

The mean values of micronutrients concentration in soil solution are shown in Table 2. There is an increase of iron available in Anogia samples compare to the other soil sampling areas. Higher values of manganese also appeared in Anogia and Omalos soils. Zinc and copper show no variation in the four sampling areas. Figure 4 exhibits a remarkable correlation between bulk soil chemical analysis of iron and manganese with the extractable iron and manganese in soils.
[image: image8.emf]1,E+00

1,E+01

1,E+02

1,E+03

1,E+04

1,E+05

1,E+06

Omalos Kantanos Anogia Platanos

ppm

Fe soil solution

Mn soil solution

Fe XRF

Mn XRF


Figure 4  Diagram of mean values of iron and manganese in bulk analysis (XRF) and soil solution. 
5. CONCLUSIONS
The parent rock bulk chemistry and mineralogy affects the Mg2+ availability in the soils we investigated. An oversupply of Mg2+ in soil solution appears in areas underlain by ultramafic parent rock. Potassium availability does not exhibit any correlation with the bulk chemical analysis and the mineralogy of soil. In contrast, shows good correlation with the particle size distribution and specifically with soil clay content. The input and output of magnesium and potassium is strongly related with the availability of these elements in vegetation. Also, the availability of important micronutrients such as manganese and iron follows the bulk chemical analysis and the mineralogy of the soil Zinc and copper shows no correlation with the chemistry and mineralogy of the different types of soils. pH values are also affected by soil mineralogy: soils overlay calcareous and ultamafic rocks exhibit alkaline environment. The present study reveals the influence of the parent rock geochemistry and mineralogy in the soils developed. The results can be used for the prediction of nutrients availability in these areas and the sustainable use of fertilizers. Calcareous soils can improve pH values and ultramafic rocks can increase the Mg2+ availability. 
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Table 1.XRF-EDS Chemical analysis (mean values %), -: not measured, <: detection limit, O: OMALOS (nine samples), K: KANTANOS (seven samples), Y: ANOGIA (eight samples), PL: PLATANOS (eight samples)
	Sample
	Na2O
	MgO
	K2O
	CaO
	TiO2
	MnO
	Fe2O3
	Al2O3
	SiO2
	P2O5
	LOI

	Ο
	0,59
	0,47
	1,23
	0,95
	0,37
	0,14
	3,83
	8,37
	83,11
	<0.08
	1,01

	Κ
	1,46
	0,52
	1,64
	0,02
	0,76
	0,04
	4,92
	14,19
	72,13
	0,08
	4,21

	Y
	<0.4
	26,25
	0,48
	1,18
	0,40
	0,25
	10,99
	6,11
	40,73
	<0.08
	13,73

	PL
	<0.4
	2,43
	1,72
	26,13
	0,06
	2,36
	4,75
	24,33
	38,43
	-
	38,31


Table 2 Mean values (ppm) of concentrations of nutrients available in soil solution (in ppm), O: OMALOS (nine samples), K: KANTANOS (seven samples), Y: ANOGIA (eight samples), PL: PLATANOS (eight samples)
	Sample
	K
	Mg
	Cu
	Fe
	Zn
	Mn
	pH

	Ο
	49,83
	64,27
	0,54
	4,33
	0,28
	10,24
	6.38

	Κ
	59,34
	101,37
	0,29
	7,07
	0,38
	4,79
	5,55

	Y
	65,64
	1611,04
	0,71
	16,72
	0,32
	7,36
	7,37

	PL
	90,42
	146,25
	0,90
	5,68
	0,70
	2,29
	7,92


Table 3. Mean values (%) of mineralogical analysis of soil samples, (63):grain size<63, (2):grain size<2
	Sample
	Cal-citea
	Dolo-miteb
	Quartz
	Felds-pars
	Illitec
	Kao-linited
	Para-gonitee
	Chlo-ritef
	Anti-goriteg
	Talch
	Mont-morilo-nitei

	Ο <63μm
	0,29
	-
	67,00
	
	12,11
	20,67
	
	-
	
	
	-

	Ο <2μm
	
	-
	4,56
	
	56,11
	39,89
	
	-
	
	
	-

	K <63μm
	
	
	27,29
	3,71
	33,14
	26,43
	9,00
	
	
	
	

	K <2μm
	
	
	3,14
	8,57
	23,00
	62,86
	2,29
	
	
	
	

	Y <63μm
	
	3,14
	10,43
	
	1,43
	-
	8
	22,86
	53,14
	9,00
	

	Y <2μm
	
	
	2,00
	
	2,50
	
	
	41,5
	30,13
	
	13,25

	PL <63μm
	64,26
	1,99
	13,20
	5,00
	15,49
	
	
	
	
	
	

	PL <2μm
	33,31
	
	5,25
	
	43,50
	
	
	6,50
	
	
	11,38

	aaCaCO3, 


	bbMgCa(CO3)2,

	ccKAl2(Si3AlO10)(OH)2,

	ddAl2(Si2O5)(OH)4,

	e         eNaAl2(AlSi3O10)(OH)4,

	

	ff(Mg,Fe)2Al3(Si3AlO10) O8,

	ggMg3Si2O5(OH)4,

	hMg3(OH)2Si4O10,
	
	i(Na,Ca)0.3(Al,Mg)2Si4O16(OH)2•(H2O
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