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Abstract 

Unlike other cart ruts found elsewhere in the world, the Azorean cart-ruts, 
engraved on volcanic stone, at the middle of the Atlantic, raise many ques-
tions: How old are they? Who created them? Were they made during a short 
or long time? These mysteriously enigmatic parallel grooves are noticed on 
the hard volcanic rock of the nine Azorean Islands in several locations. Re-
cent scientific evidences have provided some support to the hypothesis of 
human presence in the Azores Islands before Portuguese settlement during 
the 15th century. Are the Azorean cart-ruts pre-Portuguese? Here we try to 
establish a chronology for the cart-ruts of Terceira Island, Azores, Portugal, 
using a historical approach, a geological approach and also a 14C dating ap-
proach, the last one obtained by dating a placic horizon found in the grooves 
of the cart-ruts named “Passage of the Beasts”, which indicates the presence 
of human activity in the island at least during the 11th century, or probably 
before. The date obtained is consistent with another date achieved through 
similar methods for a man-made basin in the same island and is also consis-
tent with the historiographical records.  
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1. Introduction 

There are cart-ruts all around the world considered to be ancient. But are the 
Azorean cart-ruts ancient? Addressing this question can be confusing, because 
all cart-ruts in the Azores have been considered to be man-made within the 
context of the Portuguese economy of the islands from the 15th to 17th centuries. 
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We need to look at the cart-ruts phenomenon more holistically, taking into ac-
count several features across time and places, and with multiple scientific pers-
pectives (stemming from history, ethnography, physics, chemistry, geology, ge-
netic, ecology, economy, culture, etc.), and if necessary, to change the existing 
paradigm. Indeed, recent scientific evidence suggests the human presence on the 
Azores Islands before the arrival of the Portuguese settlers in the 15th century. 
These evidences include a genetic study on the Mus musculus (Gabriel, Matias, 
& Searle, 2013), which connected the genetic attributes of the house mouse in 
some of the Azores islands with genetic characteristics of house mouse popula-
tions in Northern Europe, suggesting earlier navigational routes that predate the 
Portuguese arrival, as an explanation for this phenomenon. Another study links 
the genetic characteristics of the Azorean weasel (Mustela nivalis), usually in-
troduced on the islands as a predator for the mouse, to the Mediterranean Re-
gion and not to the Iberian Peninsula, again suggesting earlier navigational routes 
than Portuguese settlement’s (Rodrigues et al., 2017). However, despite their 
usefulness for tracing possible navigational routes, genetic studies provide no 
evidence as far as dating is concerned, and hence must be associated with other 
studies when making inferences on possible human presence in the islands, in-
cluding scientific dating, historiographical elements, and archaeological context.  

At the Portuguese Madeira Island, closer to Europe and Africa than the 
Azores, ancient bones of mice were obtained and dated (Rando, Pieper, & Al-
cover, 2014). They date from 1033 BP ± 28 BP and document the earliest evi-
dence for the presence of mice on the island. The result suggests that those hu-
mans could have reached Madeira around four centuries before Portugal offi-
cially took possession of the island. A singular and unpublished result appeared 
in late 1999, during the process of installing a water catchment, at Porto Santo 
Island, Madeira Archipelago, where construction crews happened upon a 1300 ± 
100-year-old skeleton, dated by radiocarbon at the Royal Institute for Cultural 
Heritage on Brussels (Centro de Estudos de Arqueologia Moderna, 2017). 

Recent scientific evidence on dating has arisen in a novel analysis of lake se-
diments in São Miguel Island (Rull et al., 2017), which led to the conclusion that 
there was human activity in the island at least in the 13th century, well before 
Portuguese arrival at the Azores in the 15th century. The evidence of such human 
activity includes deforestation, the cultivation of various cereals, animal hus-
bandry and the use of fire, although human impact on the island was more li-
mited before the Portuguese arrival than after. Analysis of a man-made bowl in 
Terceira Island, which inside sediments was dated through Accelerator Mass 
Spectrometry at Beta Analytic, Miami, is highly suggestive of human presence in 
the island at least during the 11th century, if not before (Rodrigues et al., 2015). 

The studies mentioned above were led by six entirely different groups of re-
searchers, most of whom were not concerned with finding evidence of 
pre-Portuguese presence in the Azores Islands or Madeira Islands, and obtained 
such evidence as a by-product of the investigations they were conducting, be it 
genetic studies on rodents, the study of natural and anthropogenic dynamics in 
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vegetation or dwelling activities. So it is quite natural that the studies above have 
not yet led to an integrated picture of human presence in the Azores Islands be-
fore Portuguese arrival. This is compounded by the fact that studies on this mat-
ter (Rodrigues, 2013; Pimenta et al., 2013; Rodrigues, 2015; Rodrigues et al., 
2015; Ribeiro et al., 2017) are still in their infancy, so there is no clear archaeo-
logical context that enables solid inferences as to which specific human culture 
may have existed in the Azores Islands before Portuguese arrival. 

Within the Azorean historiography, the topic is addressed by Francisco Fer-
reira Drummond (1859), who produced the most complete and authoritative 
history of Terceira Island, and argues that several cart-ruts in the island cannot 
be explained as a result of Portuguese activity.  

Through an analysis of official documents of the Praia da Vitória city hall 
(which by then was called “Vila da Praia”) from the 16th century, analysis of the 
economic activity in Terceira Island in the 17th and 18th century and on the in-
terviews he did to the elders on the island who told him that their parents had 
already told them about these ruts, Drummond (1859) concludes that the 
cart-ruts found in Terceira Island were not made after the Portuguese arrival, 
and must have been produced by some other human population that lived on 
the island before the Portuguese. These cart-ruts also puzzled Charles Darwin 
when he arrived at Terceira Island in his return journey from his voyage in the 
Beagle, given their similarity with those existing at Pompeii—see Martins (2015) 
for a discussion of Darwin’s remarks, as well as for a contextualization of 
Drummond’s contribution within the Azorean historiography. 

While Drummond’s inference is indeed the most authoritative writing within 
Azorean historiography on this matter, which is certainly reinforced by Darwin’s 
remarks (Martins, 2015), no scientific evidence has been produced so far re-
garding the cart-ruts builders or activities that produce them on Terceira Island. 
The present work attempts to address this gap in the emerging literature on this 
subject, by presenting the first scientific dating of the cart-ruts on the Azores.  

2. Existing Explanations of the Cart-Ruts on Terceira Island 

Cart-ruts around the world raise several intriguing questions, and are consi-
dered, in some places like Malta, something of a mystery. The existence of simi-
lar structures in Terceira Island, Azores, Portugal, being located in the middle of 
Atlantic Ocean, renders the subject even more perplexing. Like in Malta, the 
Azorean tracks or “cart-ruts” remain an enigma because they have not been sa-
tisfactorily explained by the ethnographic or archaeological works, at least so far. 
Only Mendes et al. (2011) made a study (ethnographic study) on the Azorean 
cart-ruts. 

The most consensual ethnographic explanation for the Azorean tracks 
attributes their origin to the Portuguese settlement of the islands in the 15th cen-
tury, whereas others claim that their formation must have taken place during the 
17th and 18th centuries (Borges, 2011). The presence of parallel tracks in all the 
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nine Azores Islands is explained, by the locals, in a similar fashion. As a conse-
quence, the Azorean tracks have been largely marginalized in the archaeological 
and geographical literature: they have never been the subject of an island-wide 
scientific investigation. For example, to show that, the first cart-ruts of Corvo 
Island (the smallest island of the Azores) were discovered and reported only in 
November of 2017 on a local newspaper (Diário Insular, 2017). 

As mentioned before, first historical mention of the Terceira Island cart-ruts 
was made by Francisco Ferreira Drummond in the 19th century, who provides 
the following observation on Terceira Island, which was initially called Jesus 
Island: 

“We observe thus, that the first track for going into the woods was made only 
in the decade of 1500, and probably not to find timber or wood, for all this ex-
isted in the same inhabited places, besides the fact that the village was too small, 
and the difficulty associated with the pathways and the distance of three leagues 
[20 km] was too great an obstacle, those vestiges could not be found at first sight, 
nor could those cart tracks be done during the 17th and 18th centuries, during 
which there was no need of bringing those carts into the high woods, where the 
vestiges mentioned are. An obstacle may be raised against this observation, 
which is reasonable at first sight; this is: that only there we find them, and not 
elsewhere. To which we may answer that in some excavations signs of older 
buildings were found, as other things which cause perplexity. Thus the Jesus Isl-
and seems to have been inhabited by another people (back in very early ages)” 
(Drummond, 1859: pp. 20-21). 

The archaeologist Borges (2011: pp. 4-5) argues that the ox-cart grooves found 
in the Azores are a proof of the continued use of technologies and traditions, in 
his words “brought from Europe by the first settlers”. He argued that “these 
technologies evolved very little until the 1970’s, when the roads used by oxcarts 
were abandoned or modernized to be used by automobiles with rubber tires”. He 
also mention that “in fact the oxcart grooves are seen everywhere as marks left 
on the ground by the ox-carts over decades and centuries, and even millennia of 
use, as on some Roman roads”. The intriguing nature of these marks, leads a di-
vergence between opinions that characterises the literature discussing the use of 
cart-ruts. 

In 1836, when Charles Darwin visited Terceira Island, he passed by the 
cart-ruts with the name of “Passagem das Bestas” (The Passage of the Beasts): 

“I noticed in several places, from the long traffic of bullock waggons [sic], that 
the solid lava which formed in parts the road, was worn into ruts of the depth of 
twelve inches. This circumstance has been noticed with surprise in the ancient 
pavement of Pompeii, as not occurring in any of the present towns of Italy. At 
this place the wheels have a tire surmounted by singularly large knobs; perhaps 
the old Roman wheels were thus furnished.” (in Armstrong, 1992). 

It is important to note, however, that Darwin’s writing suggests that he is 
thinking of an analogy between Roman cars and the 19th century Portuguese cars 
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he observed in Terceira Island (Martins, 2015: p. 193). 
For a long period “The Passage of the Beasts” was forgotten. In the 1988 these 

cart-ruts were rediscovered by José Maria Botelho, a member of the local spe-
leological association. The cart-ruts were completely covered by local vegetation 
(Barcelos, 2011). When we looking to the “crossings” from one rut to another, 
the ethnographical explanation of “The Passage of the Beasts” present a naviga-
tional nightmare for waggon drivers that would attempt to use them. Is not easy 
to imagine how such manoeuvres have been repeated, if we assume that the ruts 
were made with repeated passes. Borges (2011) believes that the depth and the 
quantity of the ox-cart grooves in the place, which are adjacent and cross and 
link with each other, constitutes a proof of the strong industrial activity in Ter-
ceira Island, both in what concerns the number of carts and the volume of fire-
wood transported each year. But such a conjecture is not supported by historical 
or biological facts (poor soil at the site for wood production and at the timber-
line transition) or with a clear connection between this place and the main town 
of Terceira Island. 

Another speculation that enhances further confusion of the cart-ruts of Ter-
ceira Island and also on another Azorean Islands is the characteristics of the 
tracks. The depth and size of the cuts differ substantially, and some are shaped as 
a “U”, others take the form of a “V” or “W” and others quasi-U or rectangular 
shapes. At Porto Martins village (Terceira Island) the ruts tend to suddenly dis-
appear at the edge of the island and seem to continue under the sea water. 

3. Comparing Cart-Ruts Hypothesis 

Until now the cart-ruts have remained an unsolved puzzle to all scholars who 
tried to describe their functionalities. All proposed theories are based on pre-
vious assumptions and limited evidence. Until now no one has tried to see if the 
Azorean cart-ruts fit well with the hypotheses explored on other places. We be-
lieve that this is the first attempt.  

Cart-ruts are not unique to Terceira Island or indeed the Azores Islands; they 
can also be found in Malta (Mottershead, Pearson, & Schaefer, 2008) or Switzer-
land, France and Italy (Schneider, 2001) among other countries. The most fam-
ous ancient cart-tracks area in the world is Malta’s cart-ruts and there is no di-
rect clear evidence that they are manmade, because when we observe the rut 
walls no evidence, or even hint, of human activity in excavating ruts, such as 
might be provided by pick marks (Mottershead et al., 2008). But other countries 
with cart-ruts do seem to have supporting evidence for manmade cart-ruts, such 
as Italy or Switzerland, at least in the Roman period (Hughes, 1999; Schneider, 
2001). For Malta, only Dawkins (1918) considered the cart-ruts entirely natural 
features and of no archaeological significance. The cart-ruts of Pompeii are 
clearly manmade and the most obvious features are, according to Poehler (2008) 
and Schneider (2001), wheel ruts left in the paving stones. Here we can clearly 
assume that the “Passage of the Beasts” car-ruts were man-made because the 
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archaeological context in which they were found includes man-made bowls. 
Despite the renewed interdisciplinary academic interest in Maltese prehistory, 

the spatial and chronological dimensions of the ancient track network (the most 
studied cart-ruts in the world) were not addressed until 2000. A study that in-
tended to address the significance of cart-ruts in ancient landscapes of Malta was 
funded by the European Culture 2000 programme (Department of Informa-
tion-Malta, 2005). This led to the most comprehensive explanation of cart-ruts 
thus far published, and its inception resulted into a previous assumed mind-set 
hypothesis of wheeled-vehicle tracks, like for the Azorean cart-ruts. Even now, 
there is no comprehensive explanation of animal traction pulling carts or wag-
gons through the Maltese cart-ruts (Sagona, 2015) and also this could be said for 
the Azorean cart-ruts.  

Assuming for the Azorean cart-ruts the same complexity of the dating 
processes of the Maltese cart-ruts and their functionalities, this work will be not 
centred on the discussion of the nature of the Azorean cart-ruts. Rather, it merely 
tries to establish a chronological interval for their construction or appearance. But 
it was clear from the beginning that it would be impossible to avoid comparisons 
with the Maltese cart-ruts, not least when considering dating methods. 

Bugeja (2001), made a revision of the different dating methods of Maltese 
cart-ruts, and points out the main limitations of these investigations. Almost of 
the works mentioned by this author point to the Maltese cart-ruts as a transport 
system of soil, stones or goods, but it is difficult to make a clear connection be-
tween the ruts and the transported or explored material. The entire hypothesis 
points out to the transport of heavy material trough the ruts. Similarly, no old 
quarries near the “The Passage of the Beasts” were found and the hypothesis of 
soil transport is inappropriate because the area has a poor and thin layer of soil 
from volcanic origin. If we assume the use of the ruts for transport of any kind of 
goods, the only coherent hypothesis will be wood. If wood were carried out off 
the Guilherme Moniz Caldera (the place where The Passage of the Beasts is in-
stalled), a huge amount must have been transported and that implies probably 
exportation. 

A possible explanation could be the production of furniture, infrastructure 
and ships in Terceira Island after Portuguese arrival, much of which exported, 
given how appreciated the island’s cedar (Juniperus brevifolia) was, even if, for 
this hypothesis to work, the quantity of wood transported would have to surpass 
whatever is conceivably given the existing historical economic analysis or his-
torical records. Azorean cedar is not present at the place where the studied 
cart-ruts are. This could be also associated to ecological constrains that made the 
Juniperus brevifolia (Seub.) Antoine appear especially in mountainous areas 
above 500 m (Elias & Silva, 2008). The mean altitude of the Guilherme Moniz 
caldera is close to 500 m and is a flattened area. These two facts weaken the pre-
vious hypothesis, if the landscape has been preserved intact since Portuguese 
colonisation. It is possible that the original vegetation cover has been partially 
destroyed by human activity during historical times. In the past, the Juniperus 
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brevifolia distribution on Terceira Island could be different from today. Today 
this species mostly occurs at higher elevations, but evidence from historical 
records (Frutuoso, 1873) suggests it grew at much lower elevations in the past. 
This is confirmed by pollen evidence from low-elevation lakes on São Miguel 
Island (Rull et al., 2017). This also means that we are not able to reject the hypo-
thesis of the “Passage of the Beasts” cart-ruts being used for wood transport. 

4. “The Passage of the Beasts” Cart-Ruts Main Characteristics 

In recent years (2015-2016), the City Hall of Angra do Heroísmo, the main town 
of Terceira Island, have decided to remove the vegetation inside the ruts of The 
Passage of the Beasts. These cleaning activities became an opportunity to study 
the “Passage of the Beasts” cart-ruts system, because parts of them were covered, 
at least, by a tinny layer of soil. To understand the place it was important to 
know their geological context, because the geologic past offers a sobering pers-
pective on the rates of human resource use and environmental degradation or 
space occupation. Figure 1 shows the location map of where the cart-ruts occur 
in relation to volcanoes of the island. 

 

 
Figure 1. Simplified geologic map of Terceira Island (adapted from Quartau et al., 2014). 
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Terceira Island grows and evolves by the action of several geological 
processes. Their present-day morphology is the result of the activity of volcanic, 
erosional, depositional, tectonic, isostatic, eustatic, and mass-wasting processes 
(Ramalho et al., 2013). 

“The Passage of the Beasts” is installed on the Guilherme Moniz stra-
to-volcano with 270,000 years (Calvert et al., 2006) built on the western flank of 
the Serra do Cume-Ribeirinha shield volcano and is predominantly composed of 
trachyte domes and lava flows, with minor associated pyroclastic deposits 
(Quartau et al., 2014). 

The extension of the parallel ruts thus found was 213 m. The deepest groove 
found measures up to 32 cm (Resendes & Moniz, 2015). Another cleaning of 
The Passage of the Beasts ruts was undertaken in 2017, and the extension of the 
ruts is much greater than thought. At this moment this extension of the ruts are 
greater than 300 m, and the deepest groove found measured 40 cm. The degree 
of rut incision varies considerably from traces (3 cm) to 40 cm. The ruts show a 
persistent rounded U-shaped profile, exhibiting a more flattish shape only where 
duplication or crossings has occurred (see Figure 2 and Figure 3). 
 

 
Figure 2. Rut shape as crossings (coordinates: 38˚42'32''N 27˚10'58''W). 

 

 
Figure 3. Ruts deep and crossings (average 30 cm depth). The grooves at 
the end of the left side where filled with volcanic ashes. 

https://doi.org/10.4236/ad.2018.64014


F. Rodrigues et al. 
 

 

DOI: 10.4236/ad.2018.64014 287 Archaeological Discovery 

 

The gauge characteristics of the tracks vary from 1.1 m to 1.4 m, averaging 
1.14 m. When we compare these measures with those ones reported by Hughes 
(1999) for the Maltese cart-ruts, the distances between paired ruts are shorter 
but the depth of the tracks is similar. When we measure the distance between 
ruts along the main trail, it is possible identify at least five distinct distances (see 
Figure 4): 

1) Ten measurements between parallel ruts with 1.1 m which constitute the 
statistical mode of the observed measurements, 

2) Four measurements under the measure of 1.1 m (1.07 m) which constitute 
the minimum of the distance between parallel tracks measurements but with a 
standard deviation (a measure of the data variability) able to put them in the 
same group of the 1.1 m cluster, 

3) Seven measurements with 1.15 m, statistically different from the ones above 
mentioned (even if we consider the standard deviation), 

4) One measurement with 1.28 m, 
5) One measurement with 1.38 m which constitutes the maximum distance 

between parallel ruts. 
The maximum distance between ruts was observed near a crossing with an X 

shape with well-defined triangles. Looking from above, this resembles intersect-
ing railway lines, with their turns and junctions in several route directions (see 
Figure 5). 

The 1.28 m distance between parallel ruts was observed after a fracture of the 
bed rock, probably associated with non-historical seismic activity. At certain 
places of “The Passage of the Beasts” we find a strong gradient between the two 
rails. The only explanation for the fracture here is that the rock had been moved 
by seismic activity after the rails were used, but the seismic activity is not able to 
explain the enlargement of the distance between parallel ruts.  
 

 
Figure 4. Pattern of the distance between parallel ruts at “The Passage of the Beasts” in 
the main cart-ruts. The black line represents the standard deviation. 
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Figure 5. Aerial view of The Passage of the Beasts with few unearthed branches. The image 
of a man standing up there serves as scale (Assigned to this work from Paulo Pereira, 2017). 
 

The statistical distribution of the measurements is not Normal and tends to fit 
a Poisson distribution. When we remove the extreme high values (outliers) and 
test our data again we are then close to the Normal distribution. If we remove 
the outliers, is not possible to explain the distance between parallel ruts by the 
use of ox-carts over decades because the axis of the oxcarts were not extensible 
or were not made with the same and precise standards during decades or centu-
ries. On other hand, if we attend to the adversity of the steep slopes of “The Pas-
sage of the Beasts” and to the surface irregularity of the bedrock we conclude 
that these cart-ruts were not possibly used by oxen, horses or donkeys (animals 
with hooves): only humans could have used them. A good correlation between 
the width of the left side groove and the width of the right side groove seems to 
appear in the central cart-ruts of “The Passage of the Beasts” (see Figure 6) with 
a similar average width (18.1 cm and 18.3 cm respectively). This correlation is 
not related to local variations in the hardness of the rock because the incisions 
are observed in the same lava flow.  

Like in Figure 4, an outlier appears connected with the observed fracture. 
Both statistical distributions are Normal, even we include the outlier. If we ex-
clude the outlier we are able to explain the widths of both grooves because, when 
one wheel of a car, or a fix device, slides to the left side, the other wheel or ex-
treme of the device slides into the same direction. This result seems to contradict 
the conclusions about the distance between parallel grooves along the main trail, 
but it is clear that we have four distinct distance between grooves, with the same 
sliding effects (see Figure 7) when we remove the outliers.  

To explain the observed trends we must admit that the axis of the device that 
produced the grooves varied or the bed rock has expanded or has compressed 
through time. We can argue that this suggests an unknown seismic activity on 
the site, but the fact that the grooves are carved in rigid volcanic rock make this 
explanation unlikely. 
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Figure 6. Correlation between the widths of the right and the left grooves. 
 

 
Figure 7. Distance between parallel grooves versus width of the left side groove. 
 

Only a few places of the studied cart-ruts appear to have a direct correspon-
dence between the depth of the right and the depth of the left grooves. Globally, 
no correlation was found between the depths of the grooves along the main trail. 
Both depth data distributions are Normal and are not related with a chemical 
heterogeneity of the stone or different slopes of the bed rock where the ruts are. 
Several branches on the main cart-ruts were found, which means, ruts adjacent 
to the main paired tracks, with crosses and links with each other. It is not easy to 
explain these derivations that in some cases turn up again. 

5. Dating the Cart-Ruts of “The Passage of the Beasts” 

The tracks of “The Passage of the Beasts” had a tendency to run downhill with a 
gradual slope, far away from the modern road, and parallel to a water line. The 
closest known historical road coincides with the modern road.  
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During the recent cleaning and unearthing of the tracks, new connections 
between ruts were perceived as it was inferred that volcanic deposits obscured 
earlier ruts. Until now, five lateral trails of the “The Passage of the Beasts” were 
fully covered by volcanic ash (see Figure 8).  

Terceira Island presents active volcanism and a significant seismic activity 
which can explain the observed fracturing of the bed rock.  

Since Terceira Island settlement in the 15th century, only one volcanic erup-
tion took place on land in 1761. This volcanic eruption were not able to cover 
“The Passage of the Beasts” cart-ruts because was an aa-type lava flow, not 
present in this place, with an average thickness of about 3 meters, strongly con-
trolled by the paleomorphology of the area (Nunes et al., 2014). Before that time 
we find several candidate eruptions, the most recent related with Pico Alto Vol-
canic Complex: a tightly spaced cluster of trachyte domes and short flows, which 
is a younger part of Guilherme Moniz Volcano. Stratigraphic studies and radi-
ocarbon analysis suggest that the Pico Alto eruptions occurred at 1000 years BP 
(Self & Gun, 1976; Calvert et al., 2006; Nunes et al., 2014; Quartau et al., 2014). 
The Pico Alto strato-volcano was built on the northern flank of Guilherme Mo-
niz Volcano. It has a radius of 6 km and culminates at an elevation of 808 m, 
with a 3.5 km wide summit caldera (Quartau et al., 2014).  

The tracks of “The Passage of the Beasts” were incised on a lava flow on Guil-
herme Moniz Caldera. Guilherme Moniz Volcano has developed with the initial 
formation of an imposing shield volcano. Subsequently, it evolved into a more 
explosive character, culminating in the caldera collapse, which occurred less 
than about 270 thousand years ago (Gertisser et al., 2010). If the volcanic ashes 
that were found covering “The Passage of the Beasts” cart-ruts comes from an  
 

 
Figure 8. Unearthed groove filled above with volcanic ashes. 
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eruption of Pico Alto, we can date them as being, at least, 1000 years old. We can 
have also others volcanic eruptions as candidates, to cover the observed car-ruts, 
such as the lava flow come from Algar do Carvão eruptions, that according to 
Calvert et al. (2006) are dated between 1880 years BP and 10,090 years BP. Pico 
Alto eruption seems to be the youngest candidate if the observed ashes comes 
from a volcanic eruption rather than deposited by erosion of older pyroclastic 
deposits or an unknown human activity on the area.  

According to Self and Gunn (1976) we have at Guilherme Moniz Caldera a 
chaotic assemblage of comendite and pantellerite domes and coulées largely in-
filling this caldera. The Caldera floor is covered by young basalts erupted from 
the adjacent fissure zone. 

The pyroclastic flows erupted from Pico Alto, in the central part of the Ter-
ceira Island, generally followed topographic depressions towards the North and 
South coasts. The pyroclastic flows from Pico Alto travelled over flat interfluve 
surfaces where they left thin deposits (Self et al., 2005).  

“The Passage of the Beasts” cart-ruts are clearly in an interfluve area at the 
middle of two actual deepest water-lines. 

As can be perceived, on the Figure 9, part of “The Passage of the Beasts” 
cart-ruts was covered by a pyroclastic flow. We can clearly see that in other 
branches of the cart-ruts were we found pyroclastic accumulations with 50 cm to 
2 m of thickness. The pyroclasts found inside the cart-ruts varies from agglome-
rate to very fine ashes and tuffs. 
 

 
Figure 9. Branch of unearthed cart-ruts, with pyroclasts in front and lateral sides. 
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We made a terrain profile (Figure 10) in order to see the changes on the 
cart-ruts slopes and their possible relationship with general pattern of the soil 
horizons, because, despite no historical eruptions being known in this area, the 
volcano’s eruptive activity of Pico Alto has been quite recent, occurring the last 
one in about 1000 years BP, according to estimates of Calvert et al. (2006) and 
Self and Gunn (1976). Given the uncertainty regarding to the time when the 
ashes covered the cart-ruts, it was important to study the configuration of the 
volcanic material laid on the top of them. 

The obtained profiles 3 and 7, which are at the same altitude, were located on 
two distinct branches of “The Passage of the Beasts”. All the observed cart-rut 
branches of this system are connected with the main central path of “The Pas-
sage of the Beasts”, as can be seen in the Figure 5. 

On Figure 11 it is presented the found horizons in the different profiles, 
which varies from an organic soil (O Horizon) to basaltic rock/cart-ruts (R Ho-
rizon) for all the sampled sites.  

The thickness of the “cart-ruts layer” corresponds to the groove deepness of 
the cart-ruts at each sampled sites. In all the sampled places, except in the first 
point, the grooves were filled with a Birm Horizon (a cemented Horizon or 
placic Horizon) above a small layer of fine pumice. 

Above the Birm Horizon it was found, except in site 1 and 7, a layer of fine 
pumice. In the site 1 (the less extended and variable profile) it was found basaltic 
lapilli under a Bt Horizon (probably a transformation of the C Horizon with clay 
accumulation indicated by finer soil textures), and in site 7, the fine pumice layer 
was above a layer of trachytic lapilli. 

Sites 2, 6 and 7 present a reddish brown Bir Horizon on the top of the pumice 
layer. The site 2 also has a Bir Horizon on the top of a Bt Horizon, and site 7 has 
a Bir Horizon in the middle of a volcanic tuff layer. These Bir Horizons reveal 
the stability of the above volcanic material layers. 
 

 
Figure 10. Altitude of the sampling points to determinate the general pattern of the ho-
rizons. 

https://doi.org/10.4236/ad.2018.64014


F. Rodrigues et al. 
 

 

DOI: 10.4236/ad.2018.64014 293 Archaeological Discovery 

 

 
Figure 11. Distinct layers covering the grooves of “The Beast Passage” according the 
USDA soil taxonomy. 
 

The same temporal stability seems to be present at sampled site 7, because the 
volcanic tuff layer, above the fine pumice layer, seems to result from the com-
paction of the ash onto a solid rock by consolidation. The consolidation involves 
a decrease in the water content of the saturated soil without replacement of wa-
ter by air. In general this is the process in which reduction in the volume takes 
place by expulsion of water under long term static loads. This can explain, at site 
7, the existence of a pumice layer (less consolidated) under a volcanic tuff layer. 

Sites 2, 4, 5 and 6 present small Bt Horizons that only show clay skins on ver-
tical ped surfaces. 

An A Horizon was present on sites 1, 2, 4, 5 and 6. Taking into account all the 
results, the thickness of the A Horizons seems to correlate negatively with the 
thickness of the O Horizons. 

Globally, the seven profiles seem to have different pedogenic processes related 
with the natural organization of particles that forms discrete units separated by 
pores or voids. The observed layers also seemed dependent of the vertical water 
infiltration and points to a long temporal stability, which means unchanging ho-
rizons in quantity, quality or physical conditions. For other hand, the studied 
area has soils containing very different horizons whenever compared to an 
“ideal” soil. When we look to site 7, located few meters away from site 3, the ho-
rizons seems to have different origins with volcanic ash consolidated on site 7 
and not at site 3. This could be associated to the fact that the area is a chaotic as-
semblage of domes and coulées as mentioned by Self and Gunn (1976) or to a 
heterogenic ashes dispersion influenced by the wind during eruptions, given an 
enormous heterogeneity to the terrain. 

The pumice deposits found at the studied sites are compatible with last largest 
sub-plinian pumice deposits erupted from Pico Alto, and also compatible, with 
the isopach map of pumice deposits for such 1000 years eruption, produced by 
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Self (1976). 
No older soils were found on Guilherme Moniz Caldera, or around the sam-

pled sites, able to remobilized carbon to these places from more developed sur-
rounding soils. No paleosols interbedded within tephra layers were observed. All 
this seems to mean that either the pedogenesis was incipient because of the lack 
of time between volcanic episodes or because of the unfavourable morphological 
position of the deposits, or, being well developed, the upper horizon may have 
been eroded. If an erosion surface was not observed to truncate a placic horizon, 
the dating obtained through him, although it represents rigorously only a ter-
minus post quem, must be close to the real age of the volcanic ashes above this 
horizon. 

To have certainty about the age of the materials above the cart-ruts, a black-
ish-brownish layer (placic Horizon) formed inside the grooves were analysed. 
The studied layer was cemented mostly by iron, manganese and organic matter 
(see Figure 12).  

The layer was analysed by a soil specialist (Professor João Madruga, co-author 
of this work) from the University of the Azores and it was classified as a placic 
horizon.  

The placic horizon generally has a thickness between 2 mm and 10 mm 
(USDA, 1999). The placic found onto the cart-ruts has a thickness between 2 
mm and 3 mm.  

Most placic horizons occur in areas of moist climates with low evapotranspi-
ration as in this case. The annual average precipitation at the cart-ruts place 
round the 2800 mm/year whereas the evapotranspiration is about 666 mm/year 
(Novo, 2009). 
 

 
Figure 12. The pumice layer was inside a groove at site 6, and the placic horizon is above 
the brown iron rich layer. 
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Research on placic horizons genesis suggests that the iron is reduced and mo-
bilized in the horizon surface, than oxidized and precipitated in the B horizon, 
where it can adsorb soluble organic matter (USDA, 1999). The placic horizons 
form in material with a variety of textures ranging from sands or volcanic ashes 
to clays. In the British Isles the placic Horizons occur under peat-forming erica-
ceous or grassy semi natural vegetation, which was a 3000 years look-a-like for-
est that was subjected to periodic burns (USDA, 1999). Similarly, the Guilherme 
Moniz Caldera vegetation is composed essentially by native vegetation of Erica 
azorica Hochst. ex Seub. (ericaceous) and sphagnum peat (Sphagnum sp). No 
traces of fire near the area of cart-ruts were observed.  

If the information extracted from geological data with pedological data (vol-
canic ashes origin and placic horizon genesis) is compared, we are able to point 
out a possible chronology for “The Passage of the Beasts” cart-ruts: They are 
older than 1000 years. 

In order to cross this chronology with further dating methods, a sample of 
placic horizon (see Figure 12), collected inside a groove of one unearthed 
cart-rut was taken for Accelerator Mass Spectrometry (AMS) dating. The sample 
was sieved through a 180 micrometre sieve. After the treatment of that sediment 
with acid, it was analysed at Beta Analytic Lab (USA). The AMS radiocarbon 
dates were calibrated using IntCal13 and Marine13 radiocarbon age calibration 
curves 0 - 50,000 years cal BP (Reimer et al., 2013).  

At a first glance, the material caught in the sieve did not appear to be organic 
due to the fact of having large amount of iron and manganese. The factors in-
fluencing the formation of these cemented horizons are poorly understood, and 
it was assumed that the sample had also organic matter. The sample was than 
treated with a stronger acid to break up and dissolve the iron and the emitted 
CO2 recovered. The conventional radiocarbon age obtained was 920 ± 30 years 
BP (Beta Analytic code—460931). The calibrated result (95% probability) was 
Cal AD 1025 to 1190. 

In wet or flood plains, a dated sample may be composed of carbon from sev-
eral sources, which may have been younger or older than the level it was depo-
sited in, but normally younger pyroclastic products (pumice falls associated with 
pyroclastic surges, pumice flows or volcanic breccias) cover the older deposits. It 
is also possible to have run water through the impermeable grooves, in the bed 
rock, which can bring in carbon of younger ages. Thus, as far as we could see at 
different profiles, and taking into account the cart-ruts slopes, the cavities on 
Guilherme Moniz Caldera and the isopachs of the pumice dispersions of the Pi-
co Alto eruptions, any 14C ages from such placic horizons could simply be seen 
as a minimum age (terminus post quem) for the grooves. We have no any kind 
of evidence of water re-deposition of ashes or erosion on the different horizons, 
except on the topsoil. 

When we look to the dating processes approaches presented in this work 
(historical, volcanic, placic genesis and carbon dating), we have a minimum ob-
jective date for “The Passage of the Beasts” cart-ruts: 920 years 14C BP 
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(1025-1190 cal AD). This result is compatible with the estimated of Calvert et al. 
(2006) for the youngest eruption of Pico Alto, that took place 1000 years BP (500 
years before the Portuguese arrival) and with the time it takes for a placic hori-
zon formation.  

6. Conclusion 

Comparing historical references with geological, pedologic data and physical 
analysis we can find evidence that suggests we could push back the chronology 
of “The Passage of the Beasts” cart-ruts, at least, for 1000 years B.P..  

If we assume 1000 years old for “The Passage of the Beasts” construction, 
these cart-ruts do not seem to be Roman or Portuguese. We only can say that 
they are likely to be pre-Portuguese. 

The topographic parameters of “The Passage of the Beasts” cart-ruts on Ter-
ceira Island, Azores, Portugal, clearly show that the grooves were not made as 
water ways or as an old system for water to flow to certain spots. Taking into 
account the humidity and rain patterns of the island and soil profile of the Guil-
herme Moniz Caldera (little top soil), no irrigations system was needed for agri-
cultural production at that place (assuming that the climate has never changed, 
being the same described by Gaspar Frutuoso (1873) when the first settlers ar-
rived to the Azores). These grooves are parallel to a natural water line and have a 
water catchment nearby. It seems unlikely that these grooves were used for irri-
gation, drainage or agriculture.  

The irregularity of the surface of the bed rock, where the ruts are made, points 
towards an explanation other than the extensive use of ox-carts. It seems difficult 
for animals with hooves, like oxen, horses or donkeys to move across the irregu-
lar shape of the bed rock with the observed slopes. At the Azores, traditionally, 
the ox-carts were pulled by two oxen, but at this place part of the cart-ruts sys-
tem is embedded in the ground and only permits the passage of a lonely animal. 

The presented chronology for the Passage of the Beasts is consistent with pre-
vious chronologies that point towards human presence in Terceira Island in or 
before the 11th century and also contributes towards the emerging literature on 
pre-Portuguese presence in the Azores Islands. 

Furthermore, our analysis seems to confirm an important observation made 
by Drummond (1859) the most complete and authoritative historian of Terceira 
Island, thus addressing an important hypothesis within the Azorean historio-
graphy that had not been subject to scientific testing so far. This enables integra-
tion between scientific and historiographical elements that provides a fruitful 
route for future investigation, even if much further work is still necessary in or-
der to identify a clear archaeological context for further inferences on which 
specific culture may have existed in the Azores Islands before Portuguese arrival. 
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