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Archaeological research provides clear evidence that the widespread formation of Amazonian 

Dark Earths (ADEs) in tropical lowland South America was concentrated in the Late Holocene, 

an outcome of sharp demographic growth that peaked towards 1000 BP (1–3). In their recent paper, 

however, Silva et al. (4) propose that the high fertility of ADE is not of anthropic origin but instead 

the result of alluvial deposition starting in the Middle Holocene (8200-4200 cal BP). In order to 

support this argument, they marshal data and observations from a single expanse of ADE, the 

archaeological site of Caldeirão, and disregard or misread other studies of ADEs in the Central 

Amazon region (5–7). Silva et al.'s claim, an epilogue to ‘geogenic’ models laid to rest over 40 

years ago (8), also dismisses research showing how long-term anthropic soil enrichment occurs as 

a result of daily practices at contemporary indigenous settlements (Fig. 1a) (9-11). Here we 

critically review Silva et al.’s analysis and affirm that, like most ADEs, Caldeirão has anthropic 

soil horizons formed by burning, deposition, and reworking of refuse associated with indigenous 

settlement activities between 2500 and 500 BP. 

In their paper, Silva et al. do not consider crucial information arising from the well-

established archaeological chronology of the Central Amazon region, nor acknowledge the 

anthropogenic topography or stratigraphy of the Caldeirão ADE site (9). Research conducted at 

numerous archaeological sites in the Central Amazon (1) has shown that the largest ADE expanses 

record multi-component occupations that date to 1200-800 BP and are often underlain by remains 

of older (<2500 BP) ceramic occupations (Fig. 1b, 1c). Coring and excavation at multiple ADE 

sites, including Caldeirão, show that these are pottery-rich archaeological deposits modified by 

soil forming processes. Profiles routinely studied in excavations make it clear that upland ADEs 

in this region are formed on Tertiary-age surfaces rather than alluvial sediments. Studies of artefact 

spatial distribution, topography, and stratigraphy reveal that ADEs are predominantly human-

made assemblages of mounds, pits, ditches, paths, and other landscape interventions typical of 

settlements (Figure 2a-d). The transects used by Silva et al. to compare ADEs and Ultisols are 

entirely insensitive to this spatial and depth-wise variability in elemental enrichment (Figure 2e). 

A lack of appreciation for stratigraphy is also evident in Silva et al.’s suggestion that middle 

Holocene charcoal provides an accurate age marker for the beginning of ADE formation. 

Regardless of whether it is the result of anthropic or natural fires, the dated charcoal fragments 

from >80 cm have no stratigraphic association with ADE deposits. Radiocarbon dates of charcoal 

associated with the regionally well-established typology of ceramic artefacts from ADE deposits 

are a far more precise means to date ADE formation. At Caldeirão, they clearly point to Late 

Holocene occupations (12). 

Silva et al. argue that a late Holocene onset for incipient agriculture in the Central 

Amazon region would preclude populations large enough to produce the levels of elemental 

enrichment recorded at Caldeirão. This argument is supported by overgeneralized ideas about 

plant cultivation, sedentism, population growth, and ADEs in ancient Amazonia. Their view 

rejects anthropic factors as main drivers for soil enrichment, both excluding inputs from 

domestic waste and arguing that indigenous land use regimes cannot produce comparable 

enrichment. However, ethnographic evidence shows that the highest elemental enrichment in 

ADEs reflects inputs associated with settlement refuse rather than agricultural management (9), 

which in ancient Amazonia was based on polyculture agroforestry of domesticated and non-

domesticated plants in both extensive and intensive systems (13-14). Both high elemental 

enrichment and soil modification associated with settlement practices, as well as microfossils of 

maize, palms and tubers, revealing use of agroforestry systems, are found at the nearby site of 

Hatahara (6, 15), less than 4 km away and contemporaneous with the Caldeirão archaeological 



occupation. As regards sedentism and population growth, ADEs containing large quantities of 

ceramics and earthen features that developed over a clearly-dated chronological range are, by far, 

the best proxy for sedentary settlement and rising population density in the past (2, 3, 5, 16). 

Silva et al.’s references to the limitations of incipient agriculture or low population levels, which 

hinge on the acceptance of a middle Holocene age for ADE formation at Caldeirão and, more 

generally, on the premise that ADEs were initially established for agricultural purposes, are 

entirely misplaced. 

Silva et al.’s claim that it is unknown how indigenous populations relying on incipient 

agriculture, aquatic wildlife, and hunting could have created areas of persistent high fertility, 

shows a lack of awareness of decades of research on the subject. Ethnoarchaeology has shown 

that soil enrichment and ADE formation are consistently associated with domestic activities in 

indigenous villages. Research with the Kuikuro community, who are fisher-cultivators that live 

in the Upper Xingu region, has demonstrated that the greatest enrichment in elements such as P, 

Ca, and Sr, as well as high organic carbon and nearly neutral pH, occurs in mounded refuse 

middens. Once the enriched soil horizons are formed they are often used for cultivating crops 

such as maize, sweet potato, and manioc, among others (9). Contrary to Silva et al.’s claim, this 

elemental enrichment accumulates in settlements and is then used for cultivation, not the other 

way around. This explanation does not require a flooding scenario to account for ADE fertility.  

In the Central Amazon region, the pattern of ADEs associated with mounds on bluffs 

above the highest flooding line of the Solimões River is repeated at other archaeological sites 

near Caldeirão, such as Laguinho, Lago Grande, and Hatahara (5,6). At a broader regional scale, 

Silva et al.’s fluvial hypothesis cannot account for the wide range of geomorphic settings in 

which ADEs are found, including higher altitude locations and along rivers with greatly varying 

quantities of suspended sediment. For instance, the 90-ha Açutuba archaeological site, located 25 

km north of Caldeirão, shows significant enrichment in Ca, P, and other elements, like other 

ADEs (6). However, it sits on a non-flooding high bluff that overlooks the Negro River, which 

has an average suspended sediment load <5% of the Solimões River (17). East of the Central 

Amazon region, the 20-ha Cipoal do Araticum archaeological site is an ADE up to 2 m in depth. 

Yet, it is located between plateaus adjacent to only small headwater streams and springs (18), 

precluding significant alluvial inputs. West of the Central Amazon region, some of the well-

studied ADEs of the middle Caquetá River are formed on soils mantling the Araracuara 

sandstone massif (19). Their locations some 90 meters above the maximum flood stage precludes 

flood-related alluvial inputs. 

 We could highlight many more examples. However, we are reminded of the insights 

offered many decades ago by archaeologist and ethnologist Curt Nimuendajú (20), who argued 

that the landscape position, size, soil texture, and ceramic contents of ADEs could only occur if 

these restricted soil expanses formed in old indigenous settlements. The results of archaeological 

and ethnographic research carried out since then confirm this interpretation and reject Silva et 

al.’s geogenic hypothesis. 

 



 

  
Fig. 1 a Mounded trash middens on the edge of a yard in an indigenous Kuikuro village5.  

b-c vertical profiles exposed by archaeological excavations at the Hatahara ADE site.  

b samples a flat area of the ADE. c samples a raised area of the ADE. Note pottery fragments 

stratified below the darkened ADE sediments. 
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Fig. 2 a-d Archaeological excavation profiles at the Caldeirão ADE site. Vertical profiles 

exposed by multiple archaeological excavations. Note clearly defined archaeological matrix 

features infilled with ADE sediment (2c), and infilled pit feature with well-preserved ceramic 

vessels (2d) (See map in Fig. 2e below for locations). 
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Fig. 2 e Map of the Caldeirão ADE site. Google Earth image of the site (see location of profiles 

2a-d within insets I and II). 2a and b are approximately 25 meters apart and show the stratigraphy 

of archaeological deposits in a mound (2a) and flat area (2b). 2c and 2d are approximately 12 

meters apart and show the stratigraphy of archaeological deposits at an Embrapa reference 

profile (c) and nearby archaeological excavation (d). The yellow shaded area shows the spatial 

distribution of mounds and archaeological pottery ascertained through archaeological survey and 

excavation. Insets I, II, III show details of the topography and/or archaeological excavations, as 

well as sampling locations for profiles depicted in Figures 2a-d. Inset II: Note the close 

proximity between identified mounded areas (black arrows), archaeological excavations, and the 

area of ADE sampled by Silva et al. (blue rectangle). Inset III: Survey has also identified 

mounded areas (black arrows) near the area Silva et al. sampled for Ultisols (red rectangle). 
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