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We report new evidence from a well-studied ADE in the Brazilian Amazon, which compel us to reconsider its anthropic origin.

Informed by anthropological studies, we sought to develop new evidence from one of the best studied ADE sites, which is thought to
have originated from a large settlement less than 2000 years ago. The site is home to the Brazilian Agroforestry Research Station
(EMBRAPA – CPAA), where the local ADE has been classified as a typical Anthrosol.

To improve understanding of ADE formation, we used EMBRAPA’s reference profiles across a contiguous patch of ~12 hectares to
select ~4.5 hectares for intensive sampling in a paired scheme that provides maximum contrast among ADE and adjacent Ultisols. All
intensively sampled soils were under dense secondary evergreen rainforest (>12 m canopy height), which had not been managed for
at least 40 years, since the research station was established. Across the study area, we measured mineral nutrient excess in ADE to
estimate the input necessary to explain its origin. As a proxy for the overall amount of mineral nutrient input, we focused on
phosphorus (P) and calcium (Ca) excess, which are two of the most limiting elements in tropical landscapes. We then quantified the
association of P and Ca excess with the concentration of 26 other mineral elements, including strontium (Sr) and neodymium (Nd),
whose isotopic signatures serve as proxies for mineral source. We then quantified total soil carbon, pyrogenic microcharcoal, and
their respective radiocarbon (14C) dates for ADE and Ultisol profiles. Finally, considering the local anthropological context, we used
carbon dates and nutrient excess data to estimate the chronology of land management and the population density needed to attain
the observed gain in ADE fertility.

A spatial grid was used to determine nutrient concentrations from reference soil profiles (Fig 1) was used to determine the sampling
effort for the determination of total nutrients and stocks. A map of extractable concentration was used to guide the determination of
total P and Ca stocks. Extractable P and Ca concentrations were 1 to 3 orders of magnitude greater within the ADE patch than in the
surrounding Ultisol (Fig 2). The well-defined spatial pattern of extractable P and Ca from the most fertile ADE profiles (blue) to
nutrient-depleted Ultisols (red) guided an in-depth characterization of elemental and isotopic composition performed along six
transects ~100 m apart from one another, each containing 5 soil profiles, ~10 m apart from one another, for a total of 30 intensively
sampled profiles (blue diamonds). Those profiles yielded samples for a maximum contrast comparison – that is, highest and lowest
soil fertility along the site’s southwest-northeast axis – on the basis of total nutrient stocks between ADEs and reference Ultisols (red
triangles, Fig 3). To estimate total nutrient stocks, bulk density was multiplied by Ca and P concentrations at 10 cm depth increments
up to 1 m in each profile (Fig 3 top panels). Without exception, all sampled profiles showed much larger nutrient stocks (expressed as
megagrams per hectare; Mg ha-1) in the ADE than in the surrounding soil.

The EMBRAPA field station spans a contiguous patch of ~12 hectares to select ~4.5 hectares for intensive sampling in a paired
scheme that provides maximum contrast among ADE and adjacent Ultisols. We systematically sampled the area using a gridded
scheme and transects ~100 m apart from one another, each containing 5 soil profiles, ~10 m apart from one another, for a total of 30
intensively sampled profiles. We developed a soil age-depth model which span a chronology of nutrient and carbon inputs from ~7.5
thousand years ago to present day.

n/a

Hundreds of samples were used in a replicated hierarchical design use to compare ADEs and surrounding soil over time (thousands of
years) and space (10s of thousands square meters).

We used a systematic sampling scheme including grids and transects to capture the transition between the ADE patch and the
surrounding soil.

n/a

All intensively sampled soils were under dense secondary evergreen rainforest (>12 m canopy height), which had not been managed
for at least 40 years, since the EMBRAPA research station was established.

The EMBRAPA-CPAA site covers 210 hectares of managed and unmanaged land just north of the Solimões River near its confluence
with the Negro River, within the sedimentary basin of the Amazon River. Satellite and field measurements show that the terrace is
located ~40 m above the modern sea level, at a maximum of ~27 m above the modern river level, or ~10 m above the adjacent flood
plain (3o 15’ 6.8” S and 60º 13’ 46.9” W).

We used previously established access points and walked to each sampling locations causing little to no disturbance

Digging and sampling of soil profiles were performed without impacting the existing vegetation




