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Abstract: Because of their anthropogenic 
origin, archaeological terra preta soils (TPA) 
provide information about the interactions 
between human populations and their envi-
ronments over time. Studies aimed at clari-
fying these ancient settlements and the spe-
cific characteristics of the black earth soils 
associated with them have advanced in recent 
decades and have pointed to the internal va-
riability of this type of soil. With this in mind, 
the aim of this study was to verify the soil at-
tributes in areas of terra preta in different lo-
cations in the municipality of Gurupá-Pará, 
in order to contribute to an understanding of 
the formation of TPAs in this region. For this 
physical-chemical characterization of the soil, 
8 points were collected in 8 locations with 3 
depths: 10cm, 20cm and 30cm and 10 points 
were collected in the same locations. For ag-
gregate stability, samples were taken at three 
depths. For chemical analysis, 10 soil sam-
ples were collected from each location. For 
mineralogical analysis, 3 TPA profiles were 
collected at the Gurupá-miri, Carrazedo and 
Gurupá sites. The DMP results show that the 
percentage distribution of aggregates (PDA) 
at a depth of 10cm was highest in the 4.76 mm 
class, remaining the same at the other two 
depths, except at site 4. Base saturation abo-
ve 50% at all sites (L) attributes the Eutrophic 
character. Aluminum was very high and the 
nutrients Calcium (Ca), Phosphorus (P) and 
Magnesium (Mg) behaved in the same way. 
The predominance of kaolinite (Kt) in the 
three profiles analyzed was expected; goethite 
(gth), gibbsite (gb), strangite (str), albite (Ab), 
anatase (An) and tridymite (Tr) were also ob-
served in terra preta soils, disappearing with 
increasing depth.
Keywords: Formation; aggregate stability; 
mineralogy 

INTRODUCTION
The soils of archaeological sites in the Ama-

zon, known as terra preta arqueológica (TPA), 
in particular, provide important information 
about past relationships between human po-
pulations and their environments. Research 
is currently focusing on the interpretation of 
human artifacts, organic materials buried un-
der soils and sediments, which can help to un-
derstand the changes that occur in soils, such 
as increased fertility and organic matter (GHI-
LARDI, 2021) . Some analyses have become 
effective in finding answers to interpretations 
of land use in settlements and villages and the 
specific characteristics of soils with APT, in-
cluding phosphate analysis, X-ray fluorescen-
ce, spectroscopy) and recently also including 
analysis of soil pH, magnetic susceptibility, 
organic carbon and soil nitrogen. (NEJMAN 
et al., 2018, 2020; SALISBURY, 2020) 

There is still a lot to study when it comes 
to the formation of TPA soils.  Macedo (et al., 
2017) , reports behavior related to soil texture 
with organic matter, which alters the classifi-
cation of profiles, possibly due to the interre-
lation/fusion of organic matter with sand-si-
zed particles (SILVA et al., 2021)which confer 
their distinctive colouration. Frequent occur-
rences of pre-Columbian artefacts at ADE si-
tes led to their ubiquitous classification as An-
throsols (soils of anthropic origin , shows that 
the characterization of clay mineralogy using 
X-ray diffraction showed no differences in the 
type of dominant clays found in the TPA pro-
files and adjacent areas. 

Silva et al., (2021), points out in their work 
that there is a need for a broader view of lands-
cape evolution as a way of understanding the 
formation of TPA and redirecting applications 
for sustainable use and soil conservation, such 
as research related to biochar (soil conditio-
ners). Also according to the authors, TPA 
should be investigated for a potential alluvial 
origin, based on physical properties and ele-



3
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI https://doi.org/10.22533/at.ed.973552514055

mental sources, to improve basic knowledge 
of the transition from nomadic to sedentary 
populations in the Amazon and its influence 
on socio-ecological trajectories. In contrast, 
Lombardo et al. (2020) point out in their work 
that the formation of anthropogenic areas is 
not just an incidental effect of food waste dis-
posal, but can also be seen as an active process 
of niche construction.

The Amazon region has a large geomor-
phological configuration, human activity, 
changes in vegetation cover and flooding, all 
of which may indicate an alluvial contribution 
of nutrients to the site in the past and contri-
bute to TPA studies.

Kern et al. (2017) point to the enormous 
variability of TPA soils between sites and dif-
ferent regions, as well as within sites.  Therefo-
re, even with advances in data (chemical, phy-
sical and biological) in studies to explain the 
formation and behavior of archaeological site 
soils, there is a need for more analysis of soil 
properties in different regions of the Ama-
zon, which will contribute to research, given 
that archaeological sites are in different envi-
ronments, climate and activities. With this in 
mind, the aim is to verify soil attributes in ter-
ra preta areas in different locations, in order to 
understand the formation of TPA soils. 

MATERIAL AND METHODS

LOCATION
The sampling area is located in the muni-

cipality of Gurupá, in the state of Pará, in the 
mesoregion of Marajó and the micro-region 
of Portel, on the banks of the Amazon River, 
on the island of Marajó. It has high archaeo-
logical potential, with the presence of pre-co-
lonial and colonial sites with TPA (LIMA et 
al., 2020). Gurupá was an old colonial nucleus 
of settlements that were established and deve-
loped from river navigation, floodplain agri-
culture on the river plains and the occupation 

of higher ravines on terraces and trays, where 
urban sites were established. Geographically, 
it lies between 03º14’22” and 03º15’47” Sou-
th latitude and between 60º 13’02” and 60º 
13’50” West latitude (Figure 1). 

Sampling was carried out at TPA sites wi-
thin the city of Gurupá (points called Guru-
pá-Airport and Gurupá-Church) and also at 
sites located in quilombola communities in 
the municipality, at the confluence of the Xin-
gu and Amazonas rivers. These are Carrazedo, 
Gurupá-miri and Maria Ribeira. Within each 
area or site, locations with different land use 
and vegetation were selected, as shown in Ta-
ble 1: 

SAMPLING 
Before selecting the collection areas, the 

soil was probed to verify the black earth TP 
points. Soil samples were then collected at 8 
points in 8 locations in the municipality of 
Gurupá. At each point, deformed soil samples 
were collected at three depths: 10, 20 and 30 
cm for stability analysis, for chemistry, 10 de-
formed samples were collected at each loca-
tion at a depth of 20 cm, and for mineralogy, 
deformed samples were collected from three 
profiles at a depth of 10 cm. 

SOIL AGGREGATE STABILITY
Undeformed soil samples were collected 

in blocks, 50g of soil were removed and 4.76 
mm mesh diameters were passed through. 
The distribution of aggregates by average dia-
meter class (2.0 ≥ X > 1.0 cm, 1.0 ≥ X > 0.5 
cm, 0.5 ≥ X > 0.25 cm and 0.25 ≥ X > 0.105 
cm) was obtained by subjecting the soil sam-
ples to wet sieving (Embrapa, 2017). To do 
this, 50 g samples were weighed, retained on 
the 4 mm sieve, moistened with a spray bottle, 
placed on a set of sieves with meshes of 2.00; 
1.00; 0.500; 0.250, 0.105 and 0.053 mm, and 
subjected to vertical agitation in the Yooder 
apparatus for 15 minutes. After the specified 
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Figure 1: Map of the collection locations.

Geographic Coordinate System; Datum: SIRGAS 2000, Database: IBGE,2017

Subtitles Location Archaeological site Type Vegetation
L1 Gurupá Carrazedo TPA Secondary forest
L2 Gurupá Carrazedo ADJ Secondary forest
L3 Gurupá Gurupá - Airport ADJ Creeping plants
L4 Gurupá Gurupá - Church TPA Fruit trees
L5 Gurupá Gurupá miri - vila Velha TPA Bare soil
L6 Gurupá Gurupá miri - Vila Nova TPA Growing pupunha
L7 Gurupá Maria Ribeira TPA Creeping plants
L8 Gurupá Maria Ribeira ADJ Secondary forest

Table1 : Collection points in the municipality of Gurupá, State of Pará.

Adj: Adjacent; TPA: Terra Preta Arqueológica 

time, the material retained on each sieve was 
removed separately using a water jet, placed 
on previously weighed and identified plates 
and taken to the oven (65 °C) until constant 
weight. After drying, the mass of aggregates 
retained on each sieve was obtained. The wei-
ghted average diameter (WAD) was calculated 
from the aggregate mass data. The WAD was 
calculated according to the following expres-
sion: WAD = ∑ xiyi ; where: X=1 i = class in-
terval: 8.0mm ≥ X > 2.0 mm, from 2.0 ≥ X > 
1.0 mm, from 1.0 ≥ X > 0.5 mm, from 0.5 ≥ X 
> 0.25 mm and from 0.25 ≥ X > 0.105 mm; xi 

= is the diameter of the class center (mm); yi 
= is the ratio between the mass of aggregates 
within the class (xi) and the total mass of ag-
gregates (SALTON et al., 2017) . 

SOIL DENSITY
The density of the soil (Ds) was obtained 

using the volumetric ring method, following 
the methodology proposed by methodology 
proposed by (ALMEIDA, BRIVALDO GO-
MES DE et al., 2017) .
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CHEMICAL ANALYSIS 
With regard to the chemical analyses: the 

soil pH was determined potentiometrically 
using a soil:water ratio of 1:2.5, in water and 
KCl; calcium, magnesium and exchangeable 
aluminum were extracted with a 1 mol L-1K-
Cl extractant solution and determined by 
atomic absorption spectrophotometry; po-
tassium, sodium and available phosphorus 
were extracted using the Mehlich-1extractant, 
with K+ and Na+  being determined by flame 
spectrophotometry, and P being determined 
by colorimetry. Potential acidity (H+Al) was 
extracted with 0.5 mol L-1calcium acetate bu-
ffered solution at pH 7.0 and determined vo-
lumetrically with 0.025 mol L-1NaOH solution 
(DONAGEMMA et al., 2017) . Based on the 
results of the chemical analyses, the sums of 
bases (S), cation exchange capacity (T), base 
saturation (V%) and percentage of aluminum 
saturation (m%) were calculated.

TOTAL ORGANIC CARBON AND 
CARBON STOCK
Total organic carbon was estimated by the 

loss on ignition at 450°C, while for inorganic 
carbon the loss on ignition temperature was 
950°C (HOUBA et al., 1995). The samples 
were taken to the oven-drying condition by 
pre-treatment at 105°C. The difference be-
tween the weights at 450°C and 105°C gave 
the loss of organic matter content. Soil inor-
ganic carbon was obtained by observing the 
mass loss between 450°C and 950°C and mul-
tiplying it by a conversion constant of 0.273 
to convert the mass of CO2 into the mass of 
carbon. Soil carbon stocks were calculated ac-
cording to equation 1: 

Where; Ci is the soil carbon (g g -1) ; ρi is the 
soil density (g cm -3) , di is the depth of the soil 
layer (m) for layer i while j is the number of 
layers. The value of 10,000 indicates the stock 
for 1 ha of land.

MINERALOGICAL ANALYSIS
Mineralogical analysis was carried out 

on the clay fraction using X-ray diffraction 
(XRD). Three profiles were used in this analy-
sis, Profile 1: (0-100cm); Profile 2: (0-240 cm) 
and Profile 3: (0-100 cm), to obtain the clay 
fraction and then carry out the mineralogical 
analysis. 

To obtain the clay fraction, the samples 
from each horizon were dispersed with NaOH 
0.1 mol L(-1) (chemical dispersant) and subjec-
ted to slow stirring in Wagner-type equipment 
for 16 hours (physical dispersion), as recom-
mended by Gee and Or (2002). 

The clay fraction was separated from the 
silt fraction by sinfonation into 10-liter plas-
tic buckets at varying time intervals, always 
obeying Stockes’ law to establish the collec-
tion height. After separation, the samples were 
dried in an oven at 60ºC and then macerated 
in an agate mortar and passed through a 48 
mesh sieve to homogenize the particles. 

The analyses were carried out using an 
X-ray diffractometer (XRD) model Shimadzu 
XRD 6000. The samples were initially analy-
zed in XRD in the form of non-oriented pow-
der, for a global assessment of the mineralogi-
cal assembly (JACKSON, 1975). The samples 
diffracted as unoriented powder were scanned 
from 3 to 50 º 2Ɵ at a speed of 1º 2 Ɵ min-1.

STATISTICS 
Analyses of variance were carried out using 

the F test (p <0.05), and the means were com-
pared using the Tukey 5% test. The analyses 
were carried out using the R 3.5.1 program (R 
Development Core Team, 2017)
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Size
Location 

L1 L2 L3 L4 L5 L6 L7 L8

mm
---------------------------------------------------%--------------------------------------------------

0-10 cm
4.760 93.66a 88.82a 79.92a 9.63d 88.67a 69.13a 86.30a 82.95a
2.000 2,41b 2.01b 3.27c 3.82e 1.98b 11.95b 2.34b 2.86bc
1.000 1.22b 1.95b 2.56c 7.55de 2.61b 6.97c 3.13b 4.34bc
0.500 0.89b 1.84b 11.70b 16.15c 2.98b 5.99cd 3.52b 4.46b
0.250 0.78b 1.81b 1.81c 30.79a 2.04b 3.97cd 3.26b 3.68bc
0.105 0.70b 1.32b 0.48c 22.30b 1.12b 1.76d 0.77b 1.11c
0.053 0.65b 2.26b 0.26c 10.76d 0.59b 1.22d 0.68b 0.59c

10-20cm
4.760 89.62a 87.50a 81.10a 32.27a 79.12a 88.24a 85.18a 93.35a
2.000 3.08b 4.00b 3.24b 1.95e 1.17b 1.95b 5.09b 0.62b
1.000 2.39bc 2.04bc 4.08b 4.82de 3.73b 2.67b 3.30b 1.23b
0.500 2.22bc 2.14bc 4.65b 8.89d 5.03b 2.13b 2.82b 1.83b
0.250 1.71bc 2.02bc 4.86b 20.78b 5.55b 1.15b 2.29b 2.19b
0.105 0.63c 0.50bc 1.04b 14.97c 2.07b 2.57b 0.50b 0.36b
0.053 0.46c 1.79c 1.03b 16.32c 3.33b 0.89b 0.81b 0.43b

20-30 cm
4.760 85.70a 5.83a 69.14a 9.90c 43.59a 31.10a 92.62a 79.21a
2.000 3.36b 0.42b 7.64b 2.30d 4.80d 3.26d 1.02b 2.39cd
1.000 2.72b 76.39bc 6.88b 5.66cd 10.09bc 11.77c 2.06b 3.92cd
0.500 2.64b 4.86bc 7.08bc 16.17b 13.58b 21.16b 1.59b 6.32b
0.250 2.42b 7.58cd 6.45bcd 24.97b 14.05b 20.91b 1.49b 4.40c
0.105 1.74b 2.01d 1.53cd 22.68a 5.25d 4.97cd 0.53b 1.35d
0.053 1.38b 2.90d 1.29d 18.32a 7.64cd 6.82cd 0.70b 2.40cd

Table2: Aggregate stability data from 8 collection sites in the municipality of Gurupá-Pa
Average values from three repetitions. Equal letters in the line indicate that the means do not differ at the 5% 
level. L1: Carrazedo TPA; L2: Carrazedo Adjacent soil; L3: Aeroporto Adjacent soil; L4: Gurupá igreja TPA; 
L5: Gurupá vila velha TPA; L6: Gurupá vila nova TPA; L7: Maria Ribeira TPA; L8: Maria Ribeira Adjacent soil.

RESULTS

DISTRIBUTION OF AGGREGATES
The percentage distribution of aggregates 

(PDA) at a depth of 10 cm was highest in the 
4.76 mm class, reaching more than 50% in 
all locations except L4, which had the lowest 
PDA values.  On the other hand, the highest 
proportion for this location was 30.79% and 
occurred in the 0.250 mm class (Table 2). 

At a depth of 20 cm, L4 maintained its re-
sult, with the other sites having more than 
50% of their aggregates in the 4.76mm class. 

At a depth of 30 cm, only in L1, L3, L7 and L8 
was the PDA greater than 50%. The high PDA 
in the 4.76 class is possibly due to the high 
organic carbon content and consequently the 
carbon stock.

A case in point was locality 2, which is ad-
jacent to the black earth soil. At a depth of 30 
cm, the aggregates in the largest mesh decrea-
sed, due to the absence of binding factors that 
support aggregation. This was different in lo-
cality 4, an area of black earth soils, but the 
aggregates fell apart in the largest meshes. 



7
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI https://doi.org/10.22533/at.ed.973552514055

Another issue is due to some factors that 
interfere with aggregation, such as: clay type 
and content, calcium carbonate, iron, alumi-
num and manganese oxides, organic plant 
exudates, organic substances from the action 
of microorganisms and other organic com-
pounds. The wetting and drying cycles can 
also be included as an important environmen-
tal factor that interferes with soil aggregation. 

Corroborating the results of the relative 
distribution of aggregates, the locations rela-
ted to their depths showed a greater weighted 
average diameter (WAD), which did not differ 
from each other. The depths of 30 cm in L1, 
L2, L5 and L8 stand out. 

The weighted average diameter (WAD) 
showed a significant difference (p < 0.05) be-
tween the depths and locations of the terra 
preta soils (Figure 2). When comparing dep-
ths, the Carrazedo site showed no significant 
difference at the 10 and 20 cm depths; this 
difference was observed at the 30 cm depth, 
reaching 3.45 mm WAD. This was not the case 
at the other sites considered to be black earth 
soils, where all the depths showed no signifi-
cant difference.  

The two adjacent soils behaved in the same 
way, showing a difference at a depth of 30 cm. 

The highest value of 91.78 g kg-1soil organic 
carbon (COS) was found in the L1 TPA area, 
which corresponds to the Carrazedo commu-
nity that is configured as pre-colonial and his-
torical. The dark color of the soil characterizes 
an area where there are fragments of ceramics 
and organic residues, which shows that the 
interaction between Europeans, Amerindians 
and Brazilians began in the 16th century. Si-
tes L2, L3 and L8 are areas of adjacent soils 
and there was no statistical difference betwe-
en them; however, there was a difference be-
tween the sites considered as TPA. The low 
organic carbon content is in line with the CO 
content in native forest areas.  Sites L4, L5, L6 
and L7 are TPA areas with high CO levels, as 

is L1. These are pre-colonial areas with a his-
tory of deposits of ceramic fragments, pottery 
and bones. These locations have high levels of 
organic carbon. Figure (2) shows this concen-
tration in the stock of organic carbon in the 
soil at L1, L4, L5, L6 and L7, which is statis-
tically different from locations L2, L3 and L8, 
which are considered adjacent soils.

High pH values were observed in L4 and 
L5 (6.31 and 6.83) respectively and low values 
of 3.69 and 3.88 for L7 and L8. The cation ex-
change capacity was high in L2, L5 and L6. 
Base saturation above 50 % at all sites (L) gi-
ves the soil its eutrophic character. Aluminum 
was very high at 3.23 in L8. On the other hand, 
the nutrients Calcium (Ca) and Phosphorus 
(P) and Magnesium (Mg) showed very high 
values of 11.90 and 6.96 cmol.dm(-3) for L1 
and L5 and 2796.44 and 3439.33 mg.kg-1for L1 
and L4 and 2.13 and 3.20 cmol.dm(-) (3). Howe-
ver, the other variables showed good content 
in the black earth and adjacent soils (Table 3).

MINERALOGICAL ATTRIBUTES OF 
THE CLAY FRACTION 
X-ray diffraction (XRD) analyses were 

carried out on the clay fraction in three terra 
preta soil profiles and the results are shown in 
(Figure 4): Gurupá-miri site; (Figure 5): Car-
razedo site; (Figure 6): Gurupá-igreja site. It 
can be seen that the mineralogy of the TPA 
soils is quite similar at the greatest depths in 
the three profiles. 
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Figure 2: Average values from three repetitions. Equal letters in the line indicate that the means do not 
differ at the 5% level. L1: Carrazedo TPA; L2: Carrazedo Adjacent soil; L3: Aeroporto Adjacent soil; L4: 
Gurupá igreja TPA; L5: Gurupá vila velha TPA; L6: Gurupá vila nova TPA; L7: Maria Ribeira TPA; L8: 

Maria Ribeira Adjacent soil.

Figure 3: Average values from three repetitions. Equal letters in the line indicate that the means do not 
differ at the 5% level. L1: Carrazedo TPA; L2: Carrazedo Adjacent soil; L3: Aeroporto Adjacent soil; L4: 
Gurupá igreja TPA; L5: Gurupá vila velha TPA; L6: Gurupá vila nova TPA; L7: Maria Ribeira TPA; L8: 

Maria Ribeira Adjacent soil.
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Loc pH Ca Mg Al Al+H K P SB CTC pH 7 (T) V m
 1:2.5 cmol.dm-3 mg.kg-1    %  

L1 4.38d 11.90a 2.13b 0.30a 5.60e 5.22h 2796.44b 19.25f 24.85h 77.46d 1.53de
L2 4.43d 1.13e 1.80bc 2.20b 10.16b 73.58a 86.15e 76.51a 86.67a 88.28b 2.80d
L3 4.17e 0.76e 1.60bcd 2.20b 8.50c 21.21f 4.36e 23.57e 32.07f 73.50e 8.54a
L4 6.31b 5.10cd 1.23cd 1.16c 6.06d 16.21g 3439.33a 22.54e 28.60g 78.81d 4.89c
L5 6.83a 6.96b 1.23cd 0.76cd 4.10f 53.83b 2209.44c 62.02b 66.12b 93.80a 1.21e
L6 4.90c 3.83d 3.20a 0.46d 10.03b 46.27c 536.15d 53.30c 63.33c 84.16c 0.86e
L7 3.69g 5.16c 1.33bcd 0.53d 8.80c 36.26e 587.61d 42.75d 51.55e 82.93c 1.22e
L8 3.88f 0.93e 0.86d 3.23e 12.16a 41.38d 46.43e 43.17d 55.33d 78.02d 6.96b

Table3 : Data from the chemical analysis of archaeological black earth in the municipality of Gurupá-Pa

Average values from three repetitions. Equal letters in the line indicate that the means do not differ at the 
5% level. L1: Carrazedo TPA; L2: Carrazedo Adjacent soil; L3: Aeroporto Adjacent soil; L4: Gurupá igreja 
TPA; L5: Gurupá vila velha TPA; L6: Gurupá vila nova TPA; L7: Maria Ribeira TPA; L8: Maria Ribeira 

Adjacent soil.

Figure 4: Mineralogy data from the profile at 
the Gurupá miri - vila Velha archaeological 

site

Figure 5: Mineralogy data from the profile at 
the Carrazedo archaeological site 

Figure 6: Mineralogy data from the profile at 
the Gurupá - Igreja archaeological site

The different minerals appeared at the ini-
tial depths in figure 4: at 20 cm; in figure 5: 20 
cm and figure 6: 40 cm. With regard to the clay 
minerals, kaolinite (Kt) is the predominant 
mineral in all the profiles, with the presence 
of stringite (Str), albite (Ab), gbbsite (Gb), 
anatase (An), tridymite (Tr). In the three pro-
files from a depth of 60 cm, the predominant 
mineral is kaolinite and goethite.  
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DISCUSSION

DISTRIBUTION OF AGGREGATES 
AND THEIR RELATIONSHIP WITH 
ORGANIC CARBON
The largest aggregates were retained in 

the 4.76mm class in all locations, except for 
location 4 (table 1), where the amount of ag-
gregate in the 0.250mm class can be seen, 
characterizing it as micro-aggregate, a beha-
vior that is related to the amount of organic 
matter in the soil, corroborating with the or-
ganic carbon and carbon stock data (figure 3). 
This relationship was observed by (FROZZI 
et al., 2020)mainly related to agriculture and 
livestock, is considered the most frequent an-
thropic activity in the region, which can cause 
significant changes in physical attributes and 
soil organic carbon. On the other hand, the 
proper development of the plants depends 
basically on the quality of the soil, which is 
directly related to its attributes. Thus, the ob-
jective of this study was to evaluate the phy-
sical attributes and organic carbon of the soil 
in natural environments and in anthropic uses 
located in the southern region of Amazonas. 
Samples were collected at four spots in three 
depths (0.00–0.05 m, 0.05–0.10 m, 0.10–0.20 
m , clearly stating that there is a close rela-
tionship between organic carbon and DMP. 

High levels of CO and the intense biolo-
gical activity of microorganisms and roots, 
which promote the construction of channels 
and biopores, alter soil structure. In addition, 
soil aggregate stability is a well-recognized 
significant indicator of soil structure forma-
tion, degradation and stabilization (ABIVEN; 
MENASSERI; CHENU, 2009; ABRAR et al., 
2020; MUSTAFA et al., 2020).previous rese-
arch mostly explored the SOC in the topsoil 
and provided little or no information about its 
distribution in deeper layers and various pro-
tection mechanisms particularly under long-
-term fertilization. The present study inves-

tigated the contents and profile distribution 
(0–100 cm

Organic carbon is present in both loca-
tions (figure 3). One of the main peculiarities 
of terra preta soils in the Brazilian Amazon 
is the predominance of high levels of organic 
matter in the first centimeters of the topsoil. 
According to (KERN et al., 2019; KÖGEL-K-
NABNER; AMELUNG, 2021)Anthropic shell 
mounds (Sambaquis - terric Anthrosols , the 
amount of soil organic matter present in TPA 
is related to chemical recalcitrance, which 
contributes to the degree of condensation of 
organic carbon, consequently increasing the 
carbon stock as shown in (figure 3B). Also ac-
cording to the author, the highest concentra-
tion of organic carbon is present superficially 
and decreases with depth at 20cm (ALBER-
TO QUESADA et al., 2020; MACHADO et 
al., 2017; SANTANA MACEDO et al., 2019) 
. This carbon stock generally increases with 
the number of carboxylic acids (MO quali-
ty), further increasing the degree of conden-
sation (MO quantity) (GMACH et al., 2020; 
MAYER et al., 2019; MIKUTTA et al., 2006).
by its inherent recalcitrance and by occlusion 
in aggregates. However, the relative contribu-
tion of these factors to OM stabilization is yet 
unknown. We analyzed pool size and isotopic 
composition (14C, 13C

According to Batistão et al., (2020), organic 
carbon is composed of organic and inorganic 
aromatic chains, bezenecarboxylic acids, re-
sistant for a long period of time and which 
plays a major role in the formation of soil ag-
gregate stabilization, improving the soil’s phy-
sical and structural conditions (CAVASSANI 
et al., 2021) . dark-colored soils with increased 
fertility are identified and referred as Amazo-
nian Dark Earths (ADE
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RELATIONSHIP BETWEEN 
ORGANIC CARBON AND SOIL 
NUTRIENTS
Organic carbon contents in tropical an-

thropogenic soils are higher than in adjacent 
soils, and this phenomenon has also been fou-
nd by (CORRÊA; SCHAEFER; GILKES, 2013; 
GLASER et al., 2000) , clearly referring to an 
enrichment in soil organic matter due to an-
thropogenic additions. 

With the enrichment of TOC, anthropoge-
nic soils have considerably higher amounts of P 
and Ca and Mg. This enrichment probably re-
sulted from long-term anthropogenic activities 
and a low translocation of P in anthropogenic 
soils kern et al., 2019. This shows distinct evi-
dence of previous anthropogenic activities, so 
P thresholds are needed as a diagnostic crite-
rion or at least as an additional characteristic to 
classify and identify terra preta soils.

The elements P and Ca are limiting ele-
ments in tropical environments compared to 
black earth soils. According to Silva 2021, the-
se excess elements could possibly explain the 
origin of TPA soils. 

The cation exchange capacity (CEC) indi-
cates a high capacity for cation sorption and 
nutrient storage (KERN et al., 2019; LIANG 
et al., 2006)especially for nutrient cycling. An-
throsols from the Brazilian Amazon (ages be-
tween 600 and 8700 yr BP . This is justified by 
the values found in (table 2).

MINERALOGY OF THE CLAY 
FRACTION
The predominance of kaolinite (Kt) in the 

three profiles analyzed was expected, since 
the soils are found in tropical Amazonian en-
vironments, whose environment favors the 
leaching of basic cations and silica, allowing 
the formation and stabilization of Kt in this 
environment, corroborating the results found 
by silva et al, 2011 in a chemical and mine-
ralogical characterization of anthropogenic 

soils, and according to the author, goethite, 
gibbsite and anatase were also observed in 
terra preta soils. (NEGREIROS et al., 2020) 
, highlights in his work the presence of kao-
linite and quartz, illite and anatase. (SAN-
TOS et al., 2018)Araujo JKS, Souza Júnior 
VS, Campos MCC, Corrêa MM, Souza RAS. 
Pedogenesis in an Archaeological Dark Ear-
th-Mulatto Earth catena over volcanic rocks 
in western Amazonia, Brazil. Rev Bras Cienc 
Solo. 2018;42:e0170359. ABSTRACT: Archae-
ological Dark Earth (ADE , shows in his work 
that kaolinite is the predominant mineral in 
the clay fraction for all the anthropogenic 
soils evaluated, and that the presence of this 
mineral is indicative of alteration. 

The results found in this study were gene-
rally similar, with a predominance of minerals 
linked to black earth on the surface of the soil 
such as Strangite (str), Albite (Ab), anatase 
(An), tridymite (Tr), and not found at depth.

CONCLUSION
Aggregate stability is higher on the soil sur-

face because it is strongly related to the soil’s 
organic carbon content and stock, showing 
similar behavior between the sites, except at 
site L4.

The TPA soils are enriched in calcium and 
phosphorus and pH compared to adjacent 
soils, giving them a characteristic that can 
identify other archaeological terra preta sites, 
thus showing that anthropogenic influence al-
ters the environment.

The mineralogy of the clay shows the mi-
nerals belonging to black earth soils concen-
trated in the first few centimetres of the soil 
surface and as the depth increases, the mine-
rals kaolinite and goethite prevail.
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