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A B S T R A C T

Lab

Lab, based on reference Red of hematite and goethite. Replacement of 
Fe3+ to Al3+

color pure hematite. The new technique was proven on Northern Italy andosols and was give results similar to results, received for 

Lab 

Lab also vary 
depending on the impurities Al in hematite and goethite. From samples with particles of pure goethite Red higher than cambisols 

cambisols samples with pure goethite.

Keywords:

Introduction

2O3

goethite is useful to solve important tasks of genesis 

So, goethite is formed in acidic environment and 
in conditions of high humidity and moderate 
temperature, whereas hematite is formed in 
neutral conditions and with low humidity and high 

ratio hematite/goethite to determine a soil evolution 

ancient soils with age 760 thousand years Al content 

~ 40 thousand years, where the Al contents was only 

in the content of aluminum in soils with goethite of 

Yu.N. Vodyanitskii
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Accurate information on soil goethite and hematite 

cooling, to the temperature of liquid nitrogen – 4 k 

and hematite Mossbauer spectroscopy is allows you 

development of spectrophotometers it is appeared 

include: humus as a black pigment, carbonates 

2O3
a few techniques using optical spectrum of soil to 
determine the hematite and goethite share. The end 

I determination is based on the ratio of red and 

technique is based on converting optical soil 

nm for hematite and 413 nm for goethite. Attitude 

. This method 
can serve as a benchmark in determining the ratio 
of hematite and goethite on optical spectra of 
soil. Disadvantage: the complicated procedure is 
requirement to use a computer programs.

At present, the color of the soil is characterized 

Because no equivalent perception of light and dark 

coordinate is indicated the position of the colors 

gathered information about the Munsell color of 
the soil, published in numerous articles. But learn 
from them hematite and goethite information using 
known approaches is impossible. Therefore, we are 
proposed a new approach that would use previously 

information on the ratio in soils of hematite and 
goethite. Of course, the new technique is suitable for 

in soil samples, with modern spectrophotometer 

Lab.

method for determining the ratio hematite/goethite 

Objects

2O3 2O3, goethite 

2Fe2O3
.FeOOH.4H2

the color data of modern andosols and paleosols in 

Basic researches are devoted to the analysis 
of luvisols of southern Spain, the source data is 

our data on color of cambisols from Lithuania, and 

Methods
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it in the form: 

2O3
.FeOOH.

2O3

and Red of goethite is: Red = 0.16. The degree of Red 

than the goethite. We emphasize that these values 

This relationship you can count on soil color 

Red = 0.16 meets soils with pure goethite, but if there 

Lab
ILab

ILab

where is 0.51 – averaged magnitude of hematite 
Red and 0.16 – averaged magnitude of goethite Red. 

3+ by 

Al3+. Aluminum is reducing hue of ferruginous 
minerals. Amendments to the color of both minerals 

the goethite color. We are assume that the color of 

 For this 

on spectral color information of modern soils and 

function, as well as Munsell Color. We were changed 

Lab. The results of the comparison of 

As can be seen, the mean values of relationship 
n = 10 are 

 = 0.05 ± 0.01 and ILab 

 
and ILab is r = 0785.

Thus, the new technique is give results similar 
to results, received for converting optical spectrum 

of ease of calculation and the ability to use the old 

Now let us consider the application of the new 
methodology for calculating the relationship 

Munsell CIE-L*a*b*

L* b* Red

Hematite 1.2 YR 3.6/5.2 36.6 20.9 20.4 0.51

Feroxyhite 4.2 YR 3.8/6.0 38.7 19.1 29.3 0.39

Ferrihydrite 6.6 YR  4.9/6.3 50.0 15.4 34.9 0.31

Maghemite 8.3 YR  3.1/3.2 31.4 7.4 18.0 0.29

Lepidocrocite 6.8 YR  5.5/8.2 56.1 18.5 46.4 0.28

Goethite 0.4 Y     6.0/6.9 61.0 8.2 44.1 0.16

Table 1. 
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Results and discussion

Relationship between Hematite and Goethite 
in luvisols

argic, its color ranges from brown to red, depending 

3+ is replaced 
by Al3+

of goethite is higher than from its iron replacement 
in hematite. The minerals iron impurities are not 

Lab 

where there are pure hematite and goethite, 
Lab

of goethite and hematite in luvisols are close to 

Lab

Table 2.

Sample

(depth, cm)

Munsell CIE-L*a*b* ILab IK-M

L* b* RedLab

RS-A (0-20) 9.6 YR 5.5/3.6 56.7 6.8 25.7 0.21 0.14 0.07

RS-Bw1 (20-
40)

9.6 YR 5.4/3.5 56.7 4.6 18.7 0.20 0.11 0.10

RS-C1 (80-100) 9.3 YR   7.0/3.7 71.6 5.8 26.1 0.18 0.06 0.09

I-1 (280-300) 8.9 YR   5.6/4.0 56.7 6.8 24.4 0.22 0.17 0.08

II-1 (460-480) 0.3 Y      6.9/3.8 71.6 4.5 27.1 0.14 0.00 0.00

III-1 (840-860) 9.5 YR   6.5/4.0 66.6 5.4 25.1 0.18 0.06 0.04

III-3 (92-940) 9.8 YR   6.8/4.0 71.6 4.5 25.9 0.15 0.00 0.02

IV-1 (1000-
1020)

0.1 Y      6.7/4.1 66.7 4.0 26.1 0.13 0.00 0.01

IV-3 (1040-
1060)

9.6 YR   6.6/3.8 66.7 5.4 25.1 0.18 0.05 0.03

IV-4 (1060-
1080)

9.4 YR   6.3/3.9 66.7 5.4 25.1 0.18 0.05 0.06

Average 0.06±

0.02

0.05±

0.01
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Table 3.

Sample

(depth, cm)

Al-
goe-
thite,
%

Al-he-
matite,
%

I Mansell L* b* Red ILab

Profile RB

RB-11(22-45) 1.65 2.80 0.63 7.5 YR  
6/4

61.1 8.4 22.3 0.27 0.33 0.11

RB-12 (45-70) 2.25 3.10 0.58 8 YR  7/4 70.9 7.2 23.2 0.24 0.23 0.12

RB-13 (70-
105)

2.80 2.80 0.50 7.5 YR  
7/4

70.9 7.9 22.6 0.26 0.28 0.07

RB-14(105-
130)

2.20 3.75 0.63 8 YR  7/5 70.9 9.0 29.0 0.24 0.23 0.14

RB-15*(130-
155)

4.90 1.65 0.25 8 YR  7/5 70.9 9.0 29.0 0.24 0.23

RB-16 (155-
170)*

4.95 0.90 0.15 9 YR  8/3 80.5 3.8 18.6 0.17 0.03

RB-17(170-
190)*

4.35 - 0.00 1 Y 8/2 80.5 0.8 14.0 0.05 0.00

RB-18(190-
230)*

3.60 - 0.00 2 Y 8/1.5 80.5 0.0 10.9 0.00 0.00

RB-19(230-
260)*

4.40 - 0.00 2 Y 8/2 80.5 0.0 14.6 0.00 0.00

RB-20(260-
300)*

4.15 - 0.00 10 YR 
8/2

80.5 1.6 13.4 0.11 0.00

Profile MO

-1 (0-8) 1.95 3.95 0.67 6 YR  6/5 61.0 12.2 26.3 0.32 0.46 0.07

-2 (8-50) 2.10 4.10 0.66 6 YR  7/6 70.9 13.8 32.0 0.30 0.40 0.09

-3 (50-65) 1.50 4.80 0.76 5 YR  6/6 61.0 15.8 30.6 0.34 0.52 0.09

-4 (65-75) 1.50 3.20 0.68 6 YR  7/5 70.9 11.6 26.4 0.31 0.43 0.09

-5 (75-
100)

1.40 3.00 0.68 7 YR  7/4 70.9 8.4 22.1 0.27 0.31 0.13

-6 (100-
145)*

3.10 - 0.00 7.5 YR  
7/3

70.9 6.0 16.9 0.26 0.23

-7(145-
180)*

2.80 - 0.00 10 YR  
8/2

80.5 1.6 13.4 0.11 0.00

* – goethite and hematite without Al.  
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in the lower parts of the two rips have a low Red 

from the contents of goethite is negative: r

pigment is goethite, increasing its number is lead to 
lower the already low Red soil.  

At the luvisols top are contained hematite and 
goethite, both enriched with aluminum. This change 

ILab

on sheer colors ILAB goethite is show the proportion 

calculation is based on optical reference analysis, 
pure particles of hematite and goethite. To correct 

of Al on the color of the goethite only. 

proceeding from the real relationship between 

The ratio hematite/goethite in cambisols 

and a reddish tone, with a low content of iron 

weathered weakly they often receive from legacy 
particles of hematite and goethite. Cambisols are 

of Red is vary in a wide range: from 0.18 to 0.40. 
Lab: from 0.07 to 

0.69. Such a large spread of optical indicators is 
indicated heterogeneity sampling.

chemical composition of goethite in cambisols. 
Indeed, eight samples have pure goethite and four 
samples is composed goethite with part of Fe3+ 

3+, these two groups are varying 
in their optical properties. As can be seen from 
the table 4, cambisols with pure goethite have 
high Red = 0.33 ± 0.02, and the ILab
± 0.05, that is 50% of hematite. The indicators of 

Red = 0.22 ± 0.02, and the proportion of 17% total 
hematite: ILab
groups is authentically P 95. 

Make amendments in color of cambisols with 

the average reduction Red previously received for 

Lab
the average value of the ILab team cambisols with 

 = 0.45 ± 0.06. 
Now the I

Thus, the amendment on Al in goethite gives 
more similar picture: 45% of hematite in the same 

Conclusion

a simpler method of determining ILab

and then calculating the ILab, based on reference Red 
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of hematite and goethite. Replacement of Fe3+ to Al3+ 
is taken into account through amendments to the 

Thus, the new technique was proven on Northern 
Italy andosols and was give results similar to 
results, received for converting optical spectrum on 

advantage of ease of calculation and the ability to use 

Lab

Al generates an error in the calculation. To delete the 

Lab also vary depending on the impurities 
Al in hematite and goethite. From samples with 
particles of pure goethite Red higher than cambisols 

comparable to its share in the cambisols samples 
with pure goethite.  
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Table 4. 

Horizon

(depth, cm)

Fe-minerals FeTot

%

FeDCB

%

L* b* Red ILab ILab-
corr

Pinega district, Arkhangelsk, Russia

BM (7-16) Hematite, goethite 2.41 1.29 60.3 14.5 26.3 0.35 0.55

B (16-24) Hematite, goethite 3.65 2.22 57.8 16.8 25.2 0.40 0.69

DCa (44-62) Hematite, goethite 1.00 0.48 71.9 12.0 30.4 0.28 0.35

Perm district, Russia

AY (7-12) Hematite, goethite 4.18 1.57 58.9 11.1 24.7 0.31 0.43

B1 (19-36) Hematite, goethite 5.29 2.00 57.6 15.4 25.8 0.37 0.61

B2 (36-56) Hematite, goethite 5.34 2.20 56.6 15.8 24.9 0.39 0.65

Zarasai district, Lithuania

PYg (0-10) Hematite, Al-
goethite

1.42 66.2 8.0 29.3 0.21 0.16 0.43

B1Ca (40-50) Hematite, goethite 1.09 67.9 11.3 29.0 0.28 0.35

BCCa (80-
100) 

Hematite, goethite 0.49 68.8 11.9 30.0 0.28 0.35

Cherepovez district, Vologda, Russia

PY (0-20) Hematite, Al-
goethite

0.77 62.7 5.4 21.8 0.20 0.11 0.40

B (31-52) Hematite, Al-
goethite

0.48 75.3 6.7 29.8 0.18 0.07 0.34

C (66-85) Hematite, Al-
goethite

1.18 63.0 11.3 28.8 0.28 0.35 0.63

  FeTot – total content Fe in soil, FeDCB – ILab
for Al in   goethite.
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