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Considering geological time as an important epistemological obstacle to the construction of ideas on biological evolution,
a study was carried out on the so-called ‘Darwin Papers’. The conclusion was that Charles Darwin’s excursion in the Andes
during March-April 1835 was a crucial step in this regard. An expedition was carried out in March-April 2002, in the exact
same days of the year that Darwin had been there. The results of this expedition are described; these suggest a reappraisal

of the traditional Darwin iconography and teaching strategies.
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Introduction

Teaching Biology relies, to a certain extent, on the understand-
ing of the theory of evolution. Its centrality in Biology is
widely recognised. Several papers have revealed that students
face serious problems understanding key concepts of the
evolutionary theory (Brumby, 1984; Engel-Clough and Wood-
Robinson, 1985; Bishop and Anderson, 1990; Wood-Robinson,
1994; Bizzo, 1994). Several teaching programmes present
evolutionary theory as a chain of inferences, leading students
to consider science as a sort of rhetoric of conclusions. Other
studies have focused on the way teachers should understand
students’ preconceptions, which are often based on religious
beliefs, and how classroom teaching may be affected by
familiarity with and dedication to the topic of evolution
(Blackwell et al, 2003).

We present here the results of a piece of research empha-
sising the context in which scientific ideas on evolution were
discovered: in particular, the social and economic context in
which they acquired their initial form, the social and personal
issues which were involved and how the ideas about geological
time were part of the context of discovery.

Considering geological time as an important epistemological
obstacle to the construction of ideas on biological evolution,
a study was carried out on the so-called ‘Darwin Papers’. The
conclusion was that Charles Darwin’s excursion in the Andes
in March-April 1835 was a crucial step in this regard. Other
studies on Darwin’s iconography, including the globally-known
BBC series Voyage of The Beagle focused no attention on this
crucial element.

An expedition was carried out in March-April 2002, in
collaboration with a Brazilian educational TV channel (TV
Cultura, SP) in order to find evidence that could become a
part of teaching programs and enhance teachers’ understanding
of the context of the discovery of the evolutionary theory.

Although many biology textbooks give the impression that
Charles Darwin was taught in a time when the age of the
earth was believed to be 5000 years or so, there is plenty of
evidence to indicate that learned societies at that time did
not support that view. Not only the radical thinkers but also
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learned clergymen, such as Adam Sedgwick, agreed that our
planet was not the age many theologians stated, citing literal
interpretations of the Bible. On the contrary, tens of thousands,
hundreds of thousands or even millions of years were openly
advocated. Nevertheless, the question remained open: what
evidence was there to support such proposals?

Marine remains found far from the sea were appealing evi-
dence awaiting exact explanation. Although many argued that
they constituted evidence for the biblical deluge, few theolo-
gians, if any, believe nowadays that this can be the case. The
case of marine remains found in mountains was studied in
detail in the 18™ century and even theologians agreed that
they could not be taken as evidence of the deluge.

While from the 15" century, these marine remains had been
taken as ‘proof” of the Universal Deluge, by 1737 the abbot
of Grezzana (Italy), Gian Giacomo Spada, had already written
a strong argument against this tendency, addressing specifi-
cally the specimens found in the province of Verona (Caltran,
1974, Figure 1, opposite). On 27 January 1758, Lazzaro
Spallanzani, who was not only a scientist but also a Catholic
priest, addressed the question in his lecture Dissertazione sopra
i corpi marino-montani, delivered at the Accademia degli
Ipocondriaci di Reggio Emilia. Fossilised seashells were
explained in terms of ‘mineralisation’.

The crucial point was addressed when fossilised fish were
discovered at Mount Bolca, in the area between the Veronese
and the Vicentino, in northern Italy (Veneto), 800-970 metres
above sea level. Spallanzani remarked that those fish species
could not be found any longer in the region or even anywhere
in the globe; therefore a recent event could not explain the
great changes they witnessed. His conclusions were that these
‘manino-montani’ remains were clues of the geological activity
of our planet, described as ‘revolutions’. Mount Bolca and sur-
rounding areas (Vetenanuova county) would have been an
ocean floor (in fact a marine lagoon) in the distant past. In this
and in following works, he studied the process of fossilisation
in detail and concluded that fossilised timber was due to the
action of water in past ages. How far away in the past? It
remained an open question. (Spallanzani L, 1758).
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The first collection of Bolca fossils, which was organised by
Count Giovanbattista Gazola, was taken by Napoleon
Bonaparte to Paris in his Italy campaign of 1796 and since
then has been part of the Museum National D’Histoire
Naturelle of Paris. Louis Agassiz would have his attention
called to these fossils, as well as other prominent scientists of
the 18 century, such as Charles Lyell (1797-1875), who in
fact visited Bolca in person. The question of geological time
was truly an issue when Charles Darwin was on board the
Beagle in his voyage of circumnavigation.

In his well-known address in Trinity College Chapel to the
Master, Fellows and students in the annual service of 17
December 1832, Rev Adam Sedgwick (1785-1873) stated:

“The Geologist tells us, by the clearest interpretation of the
phenomena which his labours have brought to light, that our
globe has been subject to vast physical revolutions. He counts
his time not by celestial cycles, but by an index he has found in
the solid framework of the globe itself He sees a long succession
of monuments each of which may have required a thou-
sand ages for its elaboration. He arranges them in chrono-
logical order; observes marks of skill and wisdom on them,
and finds within them the tombs of the ancient inhabitants
of the earth.” (Sedgwick, 1833, emphasis added).

Sedgwick was a recognised geologist; although very popular,
his lectures on the subject were not part of the curriculum
in Cambridge. However, eighteen months before his address
in Trinity College Chapel, when Hamilton was launching his
famous assault on the old English universities and their old-
fashioned curricula, Adam Sedgwick was hiking in Wales with
the young Charles Darwin. In his field excursion in the 1831
summer he certainly showed the marks of the “vast physical
revolutions” earth had experienced, how impossible it was to
count down their timing by “celestial cycles” and how each
one of these changes “required a thousand ages for its elabo-
ration”. It is known that Sedgwick asked Darwin to look for
traces of red sandstone in the Clwyd Valley. Failing to find
them, there was no other conclusion than erosion must have
worked for “thousands of ages”.

Sedgwick, as well as Charles Lyell, could not accept ‘bio-
logical transmutation’ including an alternative origin for
mankind other than the divine. Humans would have been on
earth for some few thousand years and, Lyell argued, in his
classic Principles of Geology, that the comparison of Egyptian
mummies with ‘modern’ man revealed no differences. This
evidence and the importance attributed to it show clearly
how geological time was difficult to conceive; geologists who
were intensively working on the question could hardly admit
that ‘thousand of ages’ would mean thousands of million
years. As soon as 1863, Lyell published his famous The
Geological Evidence of the antiquity of Man, where he presents
a number of evidences of geological time, stating that this
had a direct impact in Darwin’s evolutionary theory (Lyell,
2004). A description of the geology of that time is given in
Rudwick, 1985.

Teaching evolution today

There have been a number of papers showing how students
fail to understand biological evolution. Even medical students
show clear evidence of misunderstandings of basic concepts
(Brumby, 1984). Other papers show the same picture in sev-
eral countries and different student ages (Bishop et al, 1990;
Wood-Robinson, 1994; Bizzo, 1994; Moore et al, 2002).

Figure 1.

As part of our theoretical thrust, the causes of failure of
the teaching and learning have to be looked for not only in the
teachers’ skills or students’ abilities but also in the knowledge
itself. From the epistemological point of view, the ways in
which a certain concept was constructed can throw some light
in the way learners can approach this knowledge nowadays.
The relationships between history and philosophy of science
and science teaching has been a growing field of research and
the literature produced in the area witnesses this growth.

The Darwin Papers

The so-called Darwin Papers were studied in order to answer
the following question: when did Charles Darwin unlock the
door of geological time, moving ahead of what was accept-
able in learned societies in his time?

It was remarkable to discover that the question of geological
time was one of Darwin’s main research objectives during his
voyage on the Beagle. Soon after arriving back to England, he
met Charles Lyell and exchanged views about the proof he
had found. He had particularly enjoyed his field excursions
to the Andes, were he found concrete proof of how ancient
our earth was. They met at Charles Lyell’s house on 2 January
1837 and, two days later, he read in the Proceedings of the
Geological Society of London his paper Observations of proof
of recent elevation on the coast of Chile, made during the survey
from His Majesty’s Ship Beagle, commanded by Capt. Fitzroy
RN (Darwin, 1837). In fact, what he had found in his field
excursion of March-April 1835 was remarkable, as we can
find in many sources, such as his published letters and his own
account which was put forward in his Voyage of the Beagle,
first published in 1839.

However, even before returning home, he was so sure of
how relevant his findings were that he had sent a memoire to
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be read in England (Darwin, 1835). In this paper, the petrified
forest of Villavicencio is mentioned as a key finding. The petri-
fied forest of Villavicencio was mentioned in many letters
and appeared in his Voyage of the Beagle as an example of the
extraordinary facts which were documented in his field excur-
sions. He wrote:
“In the central part of the range, at an elevation of about
seven thousand feet, I observed on a bare slope some snow-
white projecting columns. These were petrified trees, eleven
being silicified, and from thirty to forty converted into coarsely-
crystallized white calcareous spar. They were abruptly broken
off the upright stumps projecting a few feet above the ground.
The trunks measured from three to five feet each in circum-
Sference.”
Soon after visiting this spot in the Andes, Darwin wrote an
important letter to John Henslow (18 April 1835), in which
one can read:
“In an escarpment of compact greenish sandstone I found a
small wood of petrified trees in a vertical position (...).
Eleven are perfectly silicified, and resemble the dicotyledonous
wood which I found at Chiloe and Concepcion: the others,
thirty to thirty-four in number, I only know to be trees from
the analogy of form and position; they consist of snow-white
columns (like Lot’s wife) of coarsely crystallized carbonate of
lime. The largest shaft is seven feet. They are all close together,
within one hundred yards, and about the same level;
nowhere else could I find any. It cannot be doubted that the
layers of fine sandstone have quietly been deposited between
clumps of trees, which were fixed by their roots. (...) I am
quite afraid of the only conclusion which I can draw from
this fact, namely, that there must have been a depression in
the surface of the land to that amount. ”
In these lines there are clear implications of the question of
geological time. To Henslow he wrote “I am quite afraid of
the only conclusion” as he was confirming that only “a thou-
sand ages” would allow enough time to explain all the evi-
dence which was gathered at that time.

Research results

It was surprising to discover that the question of geological
time was not addressed in basic education in many countries.
Previous studies have showed that students are aware of how
old the earth is: however, they do not apply their knowledge
to concrete situations. High school students did not differen-
tiate between a two million year and a 200 million year time
span, two radically different time periods (Renner, Brumby
and Shepherd, 1981).

From the historiography point of view, little attention is given
to the fact that Charles Darwin constructed his intellectual
theory first on geological grounds. Soon his authority was
reflected by his election to a position of power, as secretary
of the Geological Society of London. It is necessary to point
out the importance of geology to the British economy at that
time, Britain being the first world exporter of mineral coal.
Carboniferous strata had a similar importance then to that of
oil fields nowadays.

It was even more surprising to discover that no major
attention has been given to Darwin’s field excursion of
March-April 1835 in popular literature. Popular works, for
instance, Huxley and Kettlewell’s Darwin’s biography (Charles
Darwin and His World, 1965), hardly mentions the excursion.
In fact, the only mention is about the possibility of Darwin’s
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Figures 2 (above) and 3 (below). Seashells found in the Andes. Figure 3 shows
details of a large rock, where hundreds of seashells “almost blended together”
can be seen.

contracting Chagas’ Disease, as he had been severely bitten by
the ‘pampas bug’, locally known as ‘benchuga’ (Triatoma infes-
tans). The traditional Darwin iconography includes neither
images of the petrified forest of the Andes nor the fossilised
seashells found at great altitudes. The BBC documentary The
Voyage of the Beagle, although supported by an acute and pre-
cise historiography consultancy, does not contain any images
or discussion about the remarkable finding of Villavicencio.

Darwin scholars used to believe that this petrified forest
does not exist anymore. In fact, Richard Keynes (2003) states
that only the fossil seashells can be found in the original place,
which would have been reshaped to build the modern road
between Santiago and Mendoza. Engineers and souvenir
hunters would have destroyed all fossilised trunks.

In order to remedy this gap in the iconographic record, three
field excursions were carried out in this region in the period
1996-2002. The main results are shown below, in terms of
images and brief descriptions of the findings and transcrip-
tions from Charles Darwin’s Voyage of the Beagle (1839).

As he began the crossing of the Andes, in mid-March
1835, Charles Darwin found a number of seashells. This was
not exactly surprising, as he had investigated many former
seabeds before reaching the Andes. The importance of these
seashells was paramount, as it could also reveal how deep
they could possibly have lived. He wrote:

“In these upper beds shells are tolerably frequent; and they
belong to about the period of the lower chalk of Europe. It is
an old story, but not the less wonderful, to hear of shells
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Figures 4 (above left) and 5 (above right). The Portillo Pass in Argentina (eastern side). The route was entirely abandoned around 1890, when a railway was inaugurated

between Mendoza and Santiago. Figure 5 shows detail.

Figures 6 (above left) and 7 (above right). One of the authors (Luis Eduardo) standing exactly on the ‘Portillo’ on a clear day. Figure 7 shows the view from that spot.

which were once crawling on the bottom of the sea, now
standing nearly 14,000 feet above its level.”

The highest point Darwin reached in his field excursion
(in fact, in his whole life!) was the Portillo Pass, 4250 metres
(13,943 ft) above sea level. (Darwin’s estimate was 14,305 ft).
He was not very lucky in his trip at that time, as he wrote:

“When nearly on the crest of the Portillo, we were enveloped
in a falling cloud of minute frozen spicula. This was very
unfortunate, as it continued the whole day, and quite inter-
cepted our view. The pass takes its name of Portillo, from a
narrow cleft or doorway on the highest ridge, through which

the road passes.”

In our trip we were quite lucky, as we reached the Portillo
on a very clear day and the view was magnificent. Darwin
describes what is known locally as the ‘vento blanco’ (white
wind) which our guide said occurred frequently here: it is a
sort of snow and strong winds. In the night, we saw the
clouds clear away and a full moon brought a quite magical
effect. In fact, Darwin’s description of the same day, some
167 years ago, was of much colder weather. For instance, he
reported having seen a frozen horse just before the Portillo.
In fact, he did not notice a ‘mountain’ of frozen cows which

Figures 8 and 9. The ‘caracoles’, the road of the tedious ascent up to Uspallata (left) and the gold mines (right) near the petrified forest.

Volume 40 Number 2, Spring 2006 | JBE 71



Bizzo and Bizzo | Darwin in the Andes

Figures 10 (above) and 11 (below). On the bare slope of sandstone (left), and
what is left of one of the silicified trunks near the gold mines.

Figures 12 (above) and 13 (below). Trees converted into coarsely-crystallised
white calcareous spar.

can still be seen on the western side of the Portillo. Since the
18™ century the road has been used by the cowboys to take
cattle to the port of Valparaiso. At the Portillo, the highest
point, the cattle were tired and ‘punado’ (the local name for
altitude sickness), and many fell down in the abyss of the
western side. They rest there, even today, forming a frozen
mountain of cattle.

After leaving Mendoza, Darwin arrived at Villavicencio, a
place which would hardly deserve to be called villa, as it was
a solitary hovel. Darwin mentions, on his record for 30 March
1835, that he stayed there and at some “neighbouring mines
during the two succeeding days”. That is unlikely as the
mines and petrified forest, which he then found, were 20 km
away from this place. The road, the ‘caracoles’ (Figure 8) is a
winding road; 10 mules would take a whole day to arrive at
the height of 2600m. In fact, we found ruins of another old
house at that point, a place not mentioned in his diary and
long known as ‘hornillos’. It is very likely that Darwin, Mariano
Gonzales (his guide) and the ‘arriero’ stopped there, where
there was certainly pasture for the mules and water for all.
The following day (1 April) Darwin probably left and arrived
at the gold mines, where he explored and then found the
petrified woods.

Near the gold mines, which were in the middle of volcanic
rock, Darwin observed some snow-white projecting columns
on a bare slope of sandstone. These were petrified trees, eleven
being silicified, and from 30 to 40 converted into coarsely-
crystallised white calcareous spar. There was no doubt that
these trees could never have grown on that spot, a real desert.
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Darwin had seen trees only on the Chilean side of the moun-
tains, near sea level. He had no doubt that he was facing clear
evidence of the “great geological revolutions” that Sedgwick
used to speak about. Furthermore, as he was 7,000 feet above
sea level, there was some chance that he was in fact facing a
real geological clock.

In addition, there was no possibility that these petrified
trees could have been transported to that spot floating in water,
as they were perfectly parallel and some of them were in the
horizontal position, as if they had fallen down on the ground.

The combination of the findings of that excursion led
Darwin to conclude that the forest and the sea-floor, which was
almost 1000 metres above them, would tell a story of a very
ancient planet. Trees, like those petrified ones would have lived
millions of years ago. Other living beings could possibly be
much older. Darwin wrote:

“It required little geological practice to interpret the marvel-
lous story which this scene at once unfolded; though I confess
I was at first so much astonished that I could scarcely believe
the plainest evidence. I saw the spot where a cluster of fine
trees once waved their branches on the shores of the Atlantic,
when that ocean (now driven back 700 miles) came to the
foot of the Andes. [ saw that they had sprung from a volcanic
soil which had been raised above the level of the sea, and
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that subsequently this dry land, with its upright trees, had
been let down into the depths of the ocean. (...) Vast, and
scarcely comprehensible as such changes must ever appear,
yet they have all occurred within a period, recent when com-
pared with the history of the Cordillera; and the Cordillera
itself is absolutely modern as compared with many of the fos-
siliferous strata of Europe and America.”

Educational implications

We believe that a deep reappraisal of Darwin’s trans-andean
excursion may be important for educational purposes. As we
have showed elsewhere (Bizzo, 2002), clear proof of the uprise
of the Andes was a crucial step in Darwin's conception of geo-
logical time. Teachers should be well aware of how difficult it
is to conceive biological evolution without a clear understand-
ing of geological time. Mentioning ‘thousands of millions’ to
students nowadays may be as vague as was ‘thousand ages’ in
Sedgwick’s own words. For Darwin, it was a crucial step to cal-
culate how long a pretified forest would have taken to rise
3,000 metres at a rate of one inch a century, let alone the pet-
rification itself. Our students could well attempt similar tasks
before a regular programme on biological evolution.
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