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PROLOGUE

There are few visitors to the Acropolis who have not paused to ponder how the large
masses of marble used for the monuments were originally hauled up the sacred rock.
Those somewhat more familiar with the subject may regard such speculation as
superfluous, scoffing at times at the visitor s perplexed questions which appear to betray
a failure to understand that the Acropolis monuments are much more important as
achievements of art and of the intellect, rather than simply as products of manual labour.
Nevertheless, the detractors are equally mistaken in insisting that attention should

be paid only to the purely immaterial and intellectual part of the achievement, and in
almost overlooking the manual as of little import. But it would appear that whether
admirers of manual labour or not both groups have one thing in common. They perceive
only a few, and indeed the most easily comprehensible, of the technical questions
involved in ancient architecture. They ignore that certain other stages of the work such
as quarrying and transport were much more demanding than that of raising the marbles
into position, and that an even greater accomplishment, and the most difficult of tasks,
involved the final smoothing and joining of the blocks.

These ever spiralling technological achievements, however, do not end with the
assembly of the blocks. Even more important feats were evinced in the field of metal
workmanship involved in the manufacture of stone-cutting implements. Judging from
the quality of the marks left by these tools on the marble they must have been of a quality
much higher than that of their modern counterparts. It would appear that in antiquity
certain craftsmen had, after much systematic experimental research, discovered
unsurpassed metallurgical processes. Knowledge of the contents of these processes
is denied to us today along with so many other secrets that were lost with the decline
of the ancient world. With modem day stone-cutting implements, construction of the
Parthenon by the same stone masons and sculptors would require at least double the
time, and the quality of the surfaces would not approach the level of perfection left by
the ancient tools. Work, indeed, would evidently have remained unfinished due to the
intervention of the Peloponnesian War, and the Propylaea may never have been built,
since the Parthenon s completion was a basic prerequisite for its construction! Using
the unique quality of ancient stone masonry and the structural bulk of the Parthenon
as a measure, it is a simple matter to prove that it would be impossible today to
complete construction in so perfect a manner in the astounding time of eight years.

And this even were we to allow for the employment of the same number of experienced
craftsmen, and even if petrol-driven vehicles replaced waggons, or electric cranes
were used instead of manually operated ones. However strange this conclusion may

sound, it is well documented: for when the greatest possible demands of refinement and
constructional accuracy are made for a building such as the Parthenon, the final stages
in the preparation of each block, of each column, of each sculptured figure and so on,
demand far greater work than that involved in the first stages where quarrying, transport
and hoisting of the blocks constitute simply one part of the process. Therefore, it has
been calculated that in the case of the Parthenon, the use of an ancient wooden crane
instead of a modem electric one would constitute a disadvantage of economy not greater
than 3%, while the use of waggons instead of petrol-driven vehicles a disadvantage of
between 10 and 20%. However, the ancient tools’ unique metallurgical quality combined
with the incredible technical prowess of the ancient stone masons constitute, when
compared to present methods and standards, an advantage which quantitatively

exceeds 100% and qualitatively remains incalculable.

All these technical means, however, were not taken for granted by the ancient
architects and sculptors in the same way that draughtsmen’s equipment, manufactured
mechanisms, commercial building and other material, not to mention the mediocre
abilities of present day construction workers are taken as a matter of course today by
modem architects. An ancient architect was quite often responsible for the planning
of the mechanical means used by his craftsmen, as well for establishing standards of
manual labour for them. A good quarryman would quite often bear in mind a few of the
problems faced by the sculptor or the architect, and made calculations which demanded
considerable thought. He had to observe, evaluate, and handle a very difficult material.
He had to comprehend complex combinations of geological, geometrical, artistic and
mechanical factors. A worthy craftsman had, generally speaking, a broad range of
theoretical interests and when these combined with exceptional talent a career as an
architect was by no means impossible. Finally, all these factors had to operate within
a perfectly organised system of work and production which in itself represented an
exceptional intellectual undertaking. Unfortunately, this achievement has till today
remained almost ignored since it is perceived as being neither artistic nor imbued with
ideals. On the other hand, now more than at any time in the past, analogous questions
arising from how a group, workshop, or even an entire society operates have given rise
to specialised studies and serious political speculation and action on such matters.

Why, therefore, should a great project be arbitrarily divided into higher intellectual
and lower manual or “managerial” components? Why should those who in their

own field were gifted with all those characteristics that go to make up a creative artist
—even a minor one—be considered ordinary labourers?



The following pages are devoted to precisely these minor but important craftsmen
and to that combination of boldness and imagination that manifested itself in the
physical exertion of their bodies. Although this exertion may have corrupted their
mortal selves, the task came to be rewarded not simply with a day’s wage but with
that eternity which only the natural immortality of Pentelic marble can secure.

The first part of this book constitutes a freely written account reconstructing the
process whereby an eleven tonne Doric column capital was quarried and transported
to Athens, relating its adventures as they interweave themselves with those of the people
and the city in general. The second part contains analytical scientific documentation of
the first part, and constitutes the most extensive archaeological study on the Pentelicon
quarries yet published.

Sadly, modern exploitation of Pentelic marble, beginning slowly (1834-1940) and
reaching a feverish pitch in the post-War reconstruction period, has taken place for the
most part at the site of the ancient quarries, resulting in about 90% destruction. Amongst
the extant remains of the ancient quarries are many—often huge—cuttings, rock faces
and pits, carefully formed dumps for chips and flakes, ancient roads and so on. All these
are mostly situated in a continuous zone almost three kilometres long along the south
side of the central mass of the Pentelicon, as mount Pentele (modern Penteli) is also
known. The second half of the book reconstructs this zone as it would have appeared in
antiquity, describes phases of its development, how production was organised, how the
marble was moved, the nature of tools and the means of transport, along with the terrain
along the road from the Pentelicon to Athens.

The story of the half-finished column capital, as presented here, came about as a result
of a consecutive series of external factors. Nevertheless, I feel satisfied that it fulfills a
long standing desire of mine. Therefore, [ would like to thank firstly those who encouraged
me in this undertaking: D. Kalapothakis, D. Korres, M. Spyratou, K. Chatziaslani and
especially my wife K. Korre. I also owe thanks to T. Biles and M. Magnisali for the
invaluable help provided by their studies on the reconstruction of the ancient quarries,
to K. Koveos for useful linguistic suggestions, and to professors C. Bouras and
G. Gruben for the discussions on the subject they were kind enough to have with me.

For the Munich Glyptothek exhibition of the original drawings which appear in the
first part of this book and the publication of the catalogue Vom Pentele zum Parthenon
(April-December 1992), I warmly thank the Board of Directors of the Glyptothek and
the Collection of Antiquities, in particular K. Vierneisel, B. Vierneisel and U. Moll

for the preparation of the exhibition and the German edition.

Likewise I warmly thank professor L. Marangou, the Board of Directors of the
Museum of Cycladic Art, Athens, and especially its president Mrs. Dolly Goulandri for
presenting a slightly revised version of the exhibition in Athens (December 1993—May
1994). This consisted of two parts, of which only the first corresponded to the original.
The old title was, nevertheless, retained: From Pentelicon to the Parthenon.

1 greatly thank the following persons who contributed to the realisation of the present

publication: Mr. W. Phelps and D. R. Turner for the English translation, the philologist
L. Papaioannou for editorial supervision, prof. D. Philippides for generously reading
the manuscript and for his suggestions, Mr. G. Karianakis for checking the galleys,
Mr. A. Tsourinakis for the computer processing of the texts, Mrs. R. Misdrachi-Kapon
for her valuable editorial advice, and especially the director of Melissa Publications,
Mr. G. Rayas.

Finally, I should like to take the opportunity to thank A. Galanopoulos,

E. Protonotariou-Deilaki, I. Dekoulakou, M. Doris, H. Kapsoulis, B. Petrakos,

S. Tarantou, D. Tsiouvaras, and T. Chatzitheodorou, with whom I was fortunate

to work in an attempt to save the ancient quarries from destniction and ransacking.
These dangers make the present publication all the more urgent, in particular the
analysis in Part Two which, without being exhaustive, responds to the need for an
initial presentation and interpretation of the subject. New and more detailed studies
to be undertaken by others are thus now a desirable objective. At the same time,

1 hope this book helps to underline the ancient quarries’ immense value as historical
monuments to the technology of this land s most enlightened age.

M. Korres, Athens, July 1993

PART I

NARRATIVE AND PICTORIAL RECONSTRUCTION



1. Athens and her quarries

Only five years have elapsed since the unforgettable battle of Marathon. The
changes are clearly visible in the heart of Athens on the Acropolis, and can be
discerned even from as far away as Aegina. The oldest of the poros stone temples
of Athena can no longer be seen; giant scaffolding rises up high around three of
its sides. The Athenians are replacing it now with another much larger temple
which likewise will be in the Doric order, as tradition has prescribed for all the
other temples in Athens. Nevertheless, poros stone, Doric architecture’s material
par excellence, will not be used for this new structure. Instead, another material
commonly used for lonic buildings in the Cyclades and on the other side of the
Aegean will be employed—marble! For the first time marble will be used for the
entire superstructure of a building and, indeed, on so large a scale. Its solid base
and foundations, made of very large finely cut blocks from the quarries of the
Piraic coast, are 260 feet long and 40 feet high. The scaffolding rises along almost
all the foundations’ length, hinting at the new temple’s bulk. Slightly to the north
stands the newer and larger poros stone temple of Athena which, while always

visible from any location in the Attic basin, appears suddenly quite small next

to the marble temple’s gigantic scaffolding.! But there is another change in the

landscape, this time outside the city, which is visible from every direction.
South of the crest of the Pentelicon, about half way down the mountain,

a massive quarry of considerable depth grows larger by the day. Despite its size,
this quarry is also quite new, having been created only to provide marble for
the new temple.

Prior to this quarry, only a small area on the surface had been exploited for

statues and small architectural members. Objects such as these do not need large
quantities of marble, although the highest possible quality is demanded. This and
various other reasons meant that from the time of Peisistratus, and especially of
his sons, imported marble, usually Parian, had been preferred. At an even earlier
date, marble was imported from Naxos. The best Hymettus marble was also

used in small quantities, again mostly during Peisistratus’ time; but despite being
carefully chosen it was always inferior to the Cycladic marble. Till that time, then,
no marble quarry had ever been so large and so deep as to be a clearly discernible
feature within the natural landscape. The hard stone quarries in the city hills were
much larger, the famous Barathron for example, and even more so the poros stone
quarries on the Piraic coast. Of the structures made from this material, the largest
now is the half-finished temple of Olympian Zeus, 370 feet long and with columns
eight and a half feet in diametre. This was the most ambitious architectural project
undertaken by the state towards the end of the Tyranny and all are aware that work
on it had been halted with the advent of the Democracy. Located to the east of the
city it still stands out impressively and, as with the Acropolis, is visible from afar
despite being built on low ground. Nevertheless, it remains a forgotten monument.
Now the ambitions of the state

are concentrated on the Acropolis. The building surrounded by scaffolding, which
will honour Athena for the victory and salvation of the homeland, progresses
rapidly. Thus even as the lower column drums are being positioned, the builders
must begin to prepare the column capitals so that they may be ready when the

last drums of the columns are put into place.




2. The Pentelicon quarry

Extraction has already reached a depth of 60 feet in the middle of the large
marble quarry. The deposit extends clearly along all sides, although natural
fissures, some vertical and others diagonal, break the continuity. Although these
fissures set the size limits for the masses of extractable usable marble, at the
same time they help make quarrying easier. The distances between fissures are
not constant. In some places they are small, rendering the marble useless.

At others, they are very large and necessitate the carving of deep channels to
separate the stone into required sizes. The marble’s most important quality,
however, involves the ease or difficulty with which regular scission can be made
in either one or the other direction. Knowledge of how to exploit this quality
remains one of the basic “secrets” of the mason’s art. In wood, one quickly
becomes experienced in recognising the same phenomenon since the directions
in which scission can or cannot be made are clearly discernible. In marble,
however, these directions are sometimes quite invisible to the naked eye. Another
of the stonecutter’s secrets involves knowledge of his material’s invisible
internal lithological faults, such as discontinuity. The quarryman must therefore
carefully select the quarriable masses of marble, not only on the basis of simply

calculating the distances between fissures, but also with regard to the more
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complex criterion of quality which involves not only the marble’s resilience,
but also its purity and responsiveness to precision workmanship.

Our experienced Athenian and foreign quarrymen are happy with the stone.
Almost half of it is quarriable, but of this amount, of course, only a third
ultimately will be utilised. The rest will be sacrificed at various stages of the
work. The quarrymen should, however, still feel content since they could never
hope for a better result, the original natural formation of the quarriable masses
for the most part being very irregular and the scission surfaces uncertain. The
same applies to all marble quarries when the demand is for masses of great size,
regular shape and highly workable texture. The more experienced quarrymen,
who have learnt their craft in the Cyclades and Ionia, speak about these and
many other things. Naturally, the temple’s architects are aware of the same
problems, and probably visit the quarry regularly to inspect the stone and the
work’s progress.

Till now, about 150,000 cubic feet of marble have been extracted for the
production of about 50,000 cubic feet of material that will actually be utilised.
At least half of this has been transported to the work site and has been either

positioned or awaits positioning.




3. The marble for the column capital

Down in the middle and deepest part of the quarry, a large mass of marble

has attracted the attention of the experienced quarry foreman. For days now

he has been calculating whether this potential block of marble will suffice

for the production of yet another capital for the temple’s exterior colonnade.
The quarry foreman observes that the block is clearly divided from its parent

rock. Two sides are exposed and the others are defined by natural fissures.

The crack dividing the block from the vast subjacent mass of rock protrudes
slightly, while its visible extremities indicate that it is quite regular.

The foreman, trusting in his experience and highly developed skills of
observation, hopes that the work of splitting and extracting the block from
the parent rock will not prove as difficult as it has been in a few other instances

of marble blocks of this size.




4. Sockets for wedges and levels

After at last taking a decision, the foreman gives directions to the specialist the natural fissures and cracks that define the block. Here the masons cut deep
masons and they, in turn, begin preparations for the first and most difficult sockets into the rock, carefully trying to ensure with precision that the distances
task: splitting the massive block from the parent rock. Appropriate locations between the sockets are correct, and in particular that the surfaces to be cut

for the insertion of wedges and large levers are selected along the length of converge exactly. Many days are needed for this particular task.
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5. Splitting the block from the parent rock

Now the most difficult task is to be undertaken. Firstly, however, the iron
wedges have to be tested to ensure that they fit neatly in their sockets where they
will be sandwiched between iron splints. Then weighty iron levers? capable of
multiplying the applied pressure of a work team by up to thirty times are
placed in position.

With perfectly regulated rhythm, the quarrymen begin pounding the wedges,

slowly at first with sporadic short blows. The wedges initially enter the rock

without much difficulty, but then hammering becomes more difficult and finally

progress is almost imperceptible as the wedge is driven between the iron splints.
Slowly but steadily, the reverberations of metal clashing upon metal rise from
low, muted tones to a shrill ear-piercing pitch. Following a short pause to inspect
the depth to which the wedges have been driven, and after a few more blows are
given to some, the most experienced of the quarrymen gives the order for the
next stage of the work to begin.

Now four baries, heavy metal mallets weighing all together some four talants
of iron, all swing in an arc through the air and, all together, pound the wedges.
With complete control, the quarrymen wield their mallets with admirable

coordination for quite some time, and the regular repetition of the hammering

becomes almost unbearable. Now the climax approaches in the struggle between
man and rock. The sound of deep human breathing rivals that of the stormy
hammering while sweat covers the quarrymen’s muscular bodies.

After hundreds of heavy blows on the wedges® from the heaviest of the
baries and much superhuman pressure applied on the levers, muffied creaking
announces to the tenacious quarrymen that the mass of marble is ready to part
from the parent rock.

The experienced quarryman’s ear is trained to recognise the changes in the
creaking sounds which emanate as the block begins to split away, sounds with
hidden messages of great importance for the work’s success.

The sound of the creaking becomes clearer, lifting the quarrymen’s spirits.
Resistance has begun to lessen. Gradually, but steadily, the fissures begin to
loosen their hermetic hold as clouds of exceptionally fine dust rise with every
new blow of the mallets.

A brief pause, then the attempt continues with greater patience in a calmer
atmosphere. Slowly but surely, the fissures open up, so much so, that some
of the wedges fall into the ensuing gap, whereupon wedges with a larger base

take their place.




6. Preparation for cutting away excess marble

After the large block has been pried away and its fissures have begun to loosen
up, work continues with an ever greater reliance on the large levers. With each
small increase in the gap left between the block and the parent rock, slabs of
rock are inserted to provide a constant base for the application of force using
the levers. After many hours of exhausting work, the gap, so small to begin
with, has become wide enough to allow the quarrymen to stand inside it, for
now they must work behind the block. A basic requirement for the extraction
of this specific mass of marble is that before any attempt can be made to remove
the superfluous upper surface, the rough block itself has to be accessible from
all sides. The quarry foreman knows that in cases where the excess marble of

a such a block is quite extensive,” it is preferable to remove the first rough layer
by cutting away individual pieces, rather than removing it in one piece. He is

also aware that these pieces should be as large as possible to economize on

labour time, but also because large fragments can themselves be used for the

carving of other architectural members. The foreman wants the excess marble
to be used in the most profitable way, and thus the back of the block has to be
pried free with the use of wedges on all four sides.

After carefully inspecting the surfaces on the back of the block, the foreman

incises a few lines to act as markers for the next stage: the cutting away of the

superfluous mass in pieces of the greatest possible size. The shape and incline
of the veins in the marble appear to promise that almost the entire upper part
of the block can be removed.

Later on, four of the most experienced quarrymen take on the task of
executing this new stage. For five days they prepare recesses, deep grooves
and 21 sockets for wedges. This work is very tiring and rather monotonous.
But opportunities for some distraction are not lacking, even in the depths of the
quarry. Jibes are exchanged now and then, and friendly competitions of dexterity
held. Then there are the short but frequent visits to the quarry’s iron workshop
where worn tools are being constantly replaced with repaired ones; breaks are
taken for a very frugal meal, and the men may be needed briefly for other jobs
which demand a large group effort. At midday, a short but refreshing sleep
boosts the spirits, but not before chats about the latest events, the weather,
the meaning of dreams and much more.

Finally, everything is ready for the scission of the first large piece of excess
marble. The wedges are positioned and the incessant repetitive hammering
immediately begins. The work continues with great care, since all the wedges
must be packed into their splints at approximately the same rate to ensure an

even distribution of applied force.




7. Removal of more excess marble

Following the initial removal of excess marble, other larger sections are cut
away using wedges and grooves incised along the line where the stone is to
be cut. The position of these incisions is calculated with the utmost care by
the master mason so that the conceptual shape of the large column capital can
be more closely achieved in that position within the block where the marble’s

exterior features show it to be most compact, regular and, most importantly,

free of harmful fissures, internal faults or interruptions of its crystalline texture.

While the excess marble is roughly removed from around the future column
capital, fissures and other natural imperfections must be identified in time so
that skillful changes can be made in the direction of the cutting so that none of
these imperfections should appear in the final product. The master mason learnt
much about this problem from his old teacher, a truly worthy—albeit unlucky—
craftsman from the islands with whom he had worked closely for a few years at

Delphi and on Delos. This man had lost his life in unknown circumstances
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—which still baffle those who knew him—but his teaching lives on. Many a time
he would say, “the best thing to do is to arrange the work at the quarry in such a
way as to ensure that faults appear only in the excess marble and not in the main
mass”, and he would add: “Should this not be possible, the faults should at least
appear in the least susceptible, exposed or stressed points of the final product, they
should never appear in the exposed protrusions of the final shape.”

The master mason calmly examines the excess fragments, and is almost
certain that they can be used in some capacity on account of their size, the incline
of their geological texture and their quality. He probably thinks that the fragment
to the right of the block could be better used for a section of the east pediment
cornice, and that the piece to the left would suffice, if carefully fashioned,
for the production of two regular primores, or large sima tiles.

With great care and a certain general anxiety, he examines the main mass

of marble.




8. Squaring of the block

On the next day the large pieces of marble that were cut away from the block

are removed so as not to hinder work. Immediately after this, a new stage in

the work begins: all sides of the block now have to be carved to arrive at a
relatively smooth surface. The block is still irregular in shape and the thickness
of the superfluous layer to be removed varies from place to place. New, more
precise measurements and geometrical estimates are now made. This work was
entrusted to two very good craftsmen who had come to the quarry only a few
months ago having been highly recommended by a Parian merchant acquainted
with the quarry foreman. The foreman, however, wanting to make up his own
mind about the newcomers, assigns various tasks to test them over a period of

a few days. Now he is in no doubt as to their professional acumen, having seen
the skill with which they handled the tools of their trade. On the other hand, they
are not very well acquainted with the geological peculiarities of Pentelic marble,
being far better acquainted with Cycladic marble. But this seems to be much
less of a problem than that presented by the newcomers’ character. One of them

is rather haughty and aggressive, and does not appear to be popular in his new

working environment. The other gives the impression of being shy, even though
he attempts to inspire respect by stressing at every available opportunity that he
is the nephew of the architect who erected the largest temple in the Cyclades.
His uncle had transported and positioned the four marble blocks for the temple
doorway. “Those monoliths were amazingly heavy, a thousand talants each!”
The others listen carefully without always being able to hide their admiration,
or jealousy. In order to avoid possible conflict between the newcomers and

the others, the foreman prefers to have them working by themselves. Their
colleagues, however, often approach them with feigned indifference that
sometimes fails to hide their deeper curiosity as to what professional secrets
the newcomers may know.

Their self-confidence clearly discernible, the two craftsmen prepare for work
by first making some careful measurements. Immediately after this they carve
channels on the block’s upper surface to act as guidelines for further cutting.
Then they carve vertical guidelines at the four corners which help in levelling

the sides and also serve to establish the exact boundaries for the underside.




9. Overturning the block to work on the underside

The preparation of a block’s upper surface and the carving markers indicating the

eventual position of the corners is usually followed by turning the block over to
facilitate rough preparation work on the underside. The same process is necessary
during the preparation of the column capitals.

After inspecting the block again, the craftsmen use powerful levers to lift
the block momentarily, placing a few cylindrical iron rollers underneath it
to help move it, even though the lower surface’s natural anomalies make the

rollers less than fully effective. Resistance, at times moderate and at others

great, is eventually overcome by the superior power of a few levers and two
winches.

The block is then dragged to the edge of the subjacent parent rock shelf where
the applied force of winches, not to mention its own massive weight, cause it to
fall upside-down with a great crash onto the surface below, sending clouds of
dust into the air. The surface where the block falls has been prepared to cushion
the impact with strong timber beams and a pile of marble chippings. The beams

will facilitate the block’s future horizontal movement.




10. Stages in the formation of the column capital

The future column capital is now much lighter, not weighing more than 25 large
bulls(!), and lies upside-down some distance from where it was extracted. Work
will now proceed to provide it with as perfect a geometric shape as possible.

As with any geometric construction many stages are involved here, beginning
with defining the basic reference surface, then continuing with locating a centre
and two basic drafted margins, establishing the vertical central axis and so on.

Rulers, callipers and various squares and angles® are indispensable tools
constantly used in the patient work of roughly cutting the marble. Removal of the
excess surface always involves use of the #ykos, a heavy pick with a long sharply
edged stylet. The kopeus, or pointed chisel, is always used for carving the drafted
margins along which the excess marble will be cut.

The column capitals made for the first marble Parthenon were larger than
those of the newer Parthenon.® A half-finished column capital, as transported
from the quarry, weighed almost 500 talants (twelve tonnes). The block’s weight
was naturally much greater in the earlier stages, from quarrying up till the

carving of the half-finished shape.
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As far as this column capital is concerned, the initial mass of marble, which
gave so much trouble to the quarry foreman, must have weighed not less than
1,600 talants (40 tonnes). If we detract the 500 talants of the column capital
and the 100 to 200 talants from the large fragments initially cut away, we are
left with a further quantity of useless material and chippings’ which, if loosely
piled up together, take up almost as much space as the initial amount of compact
marble.

The time required in the quarry for this impressive work of extracting and
carving marble blocks into a half-finished column capital must have been
about two months. Four to five days were needed for the sockets of the original
wedges, the same amount of time for the grooves and other wedge sockets, a few
days more for splitting the block from the parent rock and moving it for the first
time, another five for removing the large fragments of excess marble and many
other smaller pieces, a few days to move it here and there and many more for

the repetitive stages of fashioning the capital itself.




11. The assembly of a timber sledge for the half-finished column capital

The number of quarrymen needed at any one time obviously depends on the
nature of the work to be done. Three to five are sufficient for the various tasks
involved in cutting sockets. Many more are needed, however, to break the block

away from the parent rock, not to mention moving it to and fro afterwards, work

which demands rope, pulleys, winches, a variety of levers, wooden beams, rollers

and other implements. At last the day arrives when the half-finished capital is
ready to be transported to the Parthenon work site.

Once again, the tireless quarry foreman inspects it closely. The marble
is impressively pure, as is the quality of the finish. The smile, that only
the contented craftsman knows, begins to rise to his lips. But all the same,
something still troubles him, and not for the first time. Almost from the outset,

his experienced eye had discerned an extensive fissure passing through the

original block. This means that he needs to be extremely careful in selecting the

capital’s position within the original marble mass. Since the capital cannot fit
completely on either side of the fissure, the latter has to run through its centre
and nowhere near the exposed edges. He thus believes that the fissure should
not obstruct the capital from bearing the heavy loads that it will have to support.
The foreman’s final decision, however, is influenced by the marble’s otherwise
excellent appearance. After thinking once again for some time, he gives orders
that preparations should be made immediately for its transport.?

Early in the morning of the next day, the quarrymen, equipped with massive
wooden levers of great strength, gradually begin to lift the capital. Bit by bit,
they assemble large and small wooden beams underneath it to form a sledge,
essential in the first stage of pulling the load from the quarry depths—a task
which requires great effort—and then for the relatively simple procedure of

moving it down to the base of the mountain.




12. Hoisting the block to the quarry entrance

A number of quarrymen complete a task begun the previous day. They flatten

out or remove marble chippings and lay long timber planks along the corridor
through which the sledge will be hoisted to the quarry entrance. Other quarrymen
lay out two long and extremely powerful ropes. One end is fastened to the sledge,
the other is wrapped in three or four loops around the sturdy wooden axles of two
massive winches located slightly further up at the quarry entrance.

Both winches were made by the finest engineers of the day out of extremely
sturdy and resilient wood. Being much more powerful than those used in boat
building, they arouse awe in all who see them in action. But the ropes are also
the pride of their makers, known as kalostrophoi, or rope weavers. They can
withstand both the pull of the winches and the enormous combined weight of
waggon and capital.

Everything being ready, the strongest of the quarrymen now take hold of the
winch levers and, moving slowly, turn the axles till the rope becomes taut. Then

they pause for a while for now the phalanges, very hard cylindrical oak rollers,

must be placed properly underneath the sledge and a brake must be connected

at the rear. The brake stops the sledge from backsliding.

The value of such detailed preparation is well appreciated by all in the quarry.
The older hands often tell a story, amongst the many they never tire of reciting,
where the sudden backward slide of a loaded sledge caused by a rope snapping
resulted in the tragic death of a quarryman. No doubt, this led to the idea of
applying a brake.

This accident is very much in the mind of one of the quarrymen entrusted
with the task of constantly moving the phalanges from the rear to the front
of the sledge, when suddenly the foreman in charge, an experienced man
from Holargos, gives the final order that work should begin. The great mass
of marble finally begins its journey.

The powerful winch axles slowly turn three times, creaking encouragingly.
Sweat covers the winch operators who are already breathing rapidly. The sturdy
ropes are now taut, like the strings of two enormous bows capable of shooting
an arrow as big as a tree. But even so the load remains still. The winch operators
apply even greater force till suddenly, before the fourth turn is completed, the
great load, protesting with spasms and creaks, unwillingly begins to move

to the quarry entrance, defeated at last by sheer human determination.




13. Descent to the loading platform

It has taken the quarrymen quite a while to take turns at the arduous work of
operating the winches, but the great load at last reaches the apex of its ascent,
whence the descent towards Athens now begins.

For tens of millions of years this mass of marble had gestated in the mountain
depths. Now, seeing the light of day and being fashioned by beings more shortlived
even than the surrounding shrubs, it bestows something of eternity to mankind.

By evening of the same day, the load has descended the straight and narrow,

but quite steep, flagstone road to arrive at the point where it will be loaded

onto a waggon.

The forces of weight and friction which have made the capital’s ascent to the
quarry mouth so difficult are precisely those which now facilitate its descent to
the loading platform. The friction, acting against the sledge sliding on the steep
flagstone road’® and controlled slightly by greasing the flagstones with animal
fat, is no greater than the weight’s downward pull. Thus the descent can be
made simply with wooden levers guiding the sledge while, in order to reduce
acceleration, ropes attached thereon are slowly tied and untied around stakes

secured at intervals in the rock.!®




14. Loading the capital onto the large waggon

The sledge is no longer needed after reaching the loading platform. Since it is
constantly being used, however, it must be returned to the quarry. Although we
may hypothesise that the first such sledges were solid devices, they would not

have been practical since many animals or winches would have been needed to

drag them up to the quarry again. Naturally, such a task would either seriously

reduce the amount of time available for work on the road, or would have
necessitated a second such road.

We may suppose, then, that the sledge could be dismantled. The individual
components, along with the ropes, could thus have been carried back to the
quarry with greater ease, each of them loaded onto a few pack animals driven
on paths a little beyond the flagstone road.

These mundane tasks take place a little before sunset at the same time as

another work team undertakes to load the capital onto a large waggon which had

arrived a few hours earlier. This very heavy waggon, known as tetrakykle," is the
pride of a renowned waggon-builder from Phlya, the Halandri of later centuries.
It is perhaps the largest and sturdiest to have ever traversed the approximately
94 stades'? from Athens to Pentelicon. The speed at which it travels is not much
less than that of other, somewhat smaller waggons used for the blocks of the
temple walls. This waggon, however, demands a well-built road that can endure
heavy loads; also, it is far from flexible since many teams of pack animals are
needed to draw it. Square and round masses are loaded from one side, while
narrow or long blocks such as architraves are loaded from behind.

Loading the column capital proves relatively effortless thanks to the specially
developed loading platform at the end of the road and the amazing skill of the
quarrymen. Two sturdy beams, a few oak rollers and three or four levers are

enough to move the great mass of marble onto the wagon.




15. On the road to Athens

On the next day, early in the morning, the waggon starts for Athens. The mules
were left to graze all the afternoon of the previous day and to rest. The prospects
for the journey, the so-called /ithagogia, bode well; the driver has inspected the

road carefully to be certain that it is in good condition. Generally speaking, the

Athenians always transported heavy loads quite some time after the rainy season.

Then the roads were dry and hard and the longer days meant that the journey
could be made without haste. Certain other possible obstacles and difficulties,
often unforseen, were thus also avoided.

During the summer months the loads of marble coming back and forth from
the quarry are a regular occurrence. If one were to make a calculation on the basis
of the amount of marble used for the Parthenon' and the short period in which
the temple was built, at least fifteen different waggons must have gone to and fro
every day on the road between Pentelicon and Athens in the summer months.

But the waggon which now carries our half-finished capital, is perhaps the
largest and most impressive to behold. At every point on the way, people leave

their everyday chores and cares to devote a little time to gaze at the spectacle,
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some out of simple curiosity, others with awe and admiration, some with
uneasiness and others still with scepticism. No one, however, remains indifferent
when faced with the mechanical achievement of the waggon builders’ art, not to
mention the gigantic load of marble it now hauls.

Just before mid-day, while steady and almost effortless progress is being
made thanks to the slope in the road, the hill of Lykabettos already looms on the
right. The Acropolis, which for most of the journey has been hidden by this small
mountain’s pleasant aspect, now begins to appear in its entirety together with
the rest of the city. In the background of this wonderful landscape shines
the blue sea, its colours vying with the often praised clarity of the Attic sky.

Despite the heat of the mid-day sun, many farmers stand to admire yet again
the pentelethen lithagogia, the “marble transport from Pentele”. Naturally their
emotions are ones of happiness, not only for the splendid building programme
being executed on the Acropolis, but also on account of the good harvest reaped
during the last few days and the recent fine crop of well-ripened grapes from

the vineyards on the slope of Lykabettos.'*




16. On the eastern outskirts of the city

A distance of some ten stades remains to be covered till the waggon reaches

the Acropolis. Thanks to the careful work of the road builders and the condition

of the waggons, animals and men, the journey has been free of undue difficulties.

Amongst the most serious of these in the past in terms of expense in time and

money was the collapse of sections of the road surface, or the splitting of a

waggon axle which could halt traffic for two entire days. Setbacks such as these,
however, provided a valuable lesson for builders of road and waggon alike.
Twelve stades on and the road slopes down more steeply, but not enough

to necessitate the use of the brake. The driver, the rein-holder and their

assistants'® now cast a melancholy glance to their left at the low but striking
bulk of the half-finished but nevertheless gigantic Olympieion.'® They know
how that temple’s exceptionally heavy column drums were transported,

not only from the stories told to them by their elders, but also from their
own childhood memories. For the project had come to a halt only 25 years
previously, and yet in their eyes it seems unbelievable that these blocks
from the quarries of the Piraic coast,!” of an even greater size and weight

than our column capital, had been transported such a distance.




17. Passing the south slope of the Acropolis

The road continues its downward course for two stades. Now the waggon is
within the city and trundles its way between the houses of the Athenians. A single
stop is made, outside the shrine of Dionysos Eleuthereus'® where fresh mules are
harnessed onto those at the front that have pulled the waggon till now. They are
needed now since the road begins to rise. Fortunately, the distance to be covered
using the mules alone is very small: two and a half stades up to the great bend
where the mules are unharnessed from the waggon and where the last and most
difficult part of the ascent to the Acropolis will begin. The most awkward section
of the road for the animals is the distance between the sanctuary of the Nymph'

and the great bend, a length measuring some one hundred paces. A plan to reduce
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the problems encountered here has been worked out, and involves the filling in
and levelling out of the small declivity to the south with firmly packed material
for which a sturdy retaining wall must be built. The many houses in the vicinity,
however, mean that the project has been constantly postponed, although it would
finally be implemented at a somewhat later period.? It is thus difficult to imagine
how the waggon traversed this particular spot.

While the waggon passes the south slope of the Acropolis, the driver and
his companions ecstatically behold the first courses of the great temple’s
colonnades rising above them on the crest of the rock. How strange this fabric

of heterogeneous shapes appears.

On the one hand, there is the simple and austere geometric form of the new
temple’s foundations,?' on the other the winding snake-like body of the ancient
cyclopean wall?? alternating with the irregular and uneven surface of the exposed
rock under and above it. Who ordained that the building programme on the rock
should continue? Who foresaw what the Acropolis might finally look like? Who
had even the slightest idea that new broader structures would one day be built
on the southern slope?

The distance from the great bend to the site of the ancient gate, where a new
marble propylon? is also being erected, is only one stade, but the latter is more
than 120 feet above the former! Thus the power needed to drag the capital

i1s much greater than what twenty beasts of burden could apply.

But even four times this number would still not suffice to haul such a load
on such a slope. Furthermore, the road space available is not sufficient for
such a host of animals. Once again it is necessary to resort to the use of simple
mechanisms such as those used to pull blocks of marble from the deeply cut
quarries. This problem had been overcome about four decades ago when the
architraves and other large blocks were needed for the poros stone temple of
Athena, the so-called Old Temple, and four decades before that when similar
blocks were hauled up for the other poros stone temple of Athena, the so-called
Hekatompedon. The blocks used for the Hekatompedon’s large pedimental
sculptures extended back into the wall to act as structural supports, and at times

weighed more than seven tonnes. But winches were not enough to haul such
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weights onto the Acropolis, especially if they had to be pulled over the irregular
surface of the slopes or the serpentine paths of more ancient times. Thus a ramp
was essential, and such an inclined surface appears to have been used even in the
Mycenaean period to transport the great blocks of the Cyclopean wall.

The western approach to the Acropolis consisted of an impressive ramp,
10 metres wide and 80 long, built in the Archaic period. Large sections of its

retaining wall can still be seen today.”* Even during the years when the first
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marble temple was constructed, this approach was already quite ancient and

in a way had itself become associated with the shrine’s architectural character.

Nevertheless, those who knew something of the work undertaken on the
Acropolis up to that time realised that the main, if not the only reason for
its construction was purely practical: to facilitate the ascent of the massive
Piraic blocks for the Old Temple. There may have been other reasons of an

architectural nature, but they could not have been of fundamental importance.

18. From the ramp to the Propylon via the “balanced waggon” method

Thoughts such as these must have lingered in the minds of the labourers each
time they conveyed marble blocks for the large temple via the tried and true
ramp.

Such specialised knowledge in the drawing of heavy loads on inclined
surfaces has resulted from long experience in the quarries of Pentelicon and
Paros. On the Acropolis, this culmination of experience can be utilised and
perfected: while in the quarries the marble blocks are ideally loaded onto sledges,
those below the Acropolis are loaded onto waggons that are much easier and far
quicker to pull. These waggons are used to convey the marble to the propylon,
there evidently being no other effective way.?> Understandably, this method
requires, first and foremost, a sound brake system to protect both men and
waggon. But a much more efficient and quicker traction system is employed here
than that in the quarry depths: we may call it the “balanced waggon method.
Huge pulleys, flexibly attached by ropes to stakes in the ground, are needed at
the upper point of each straight section of the route. That all the ropes have to be
particularly strong goes without saying. The system is as simple as it is effective:
the tractive force needed to haul a loaded waggon up the ramp is provided, via
the pulley, by the applied force of another, empty waggon at the top of the ramp

which, having gone up beforehand and delivered its load, now has to descend

safely to the ramp’s lower platform.?® The mules are harnessed to this empty
waggon and thus instead of wasting almost all their strength in ascending the
ramp they simply have to drag the empty waggon to the bottom of the ramp, their
horse-power being supplemented to a large degree by their own physical weight.
This system is highly effective since it automatically transforms the disadvantage
of a dead weight into an advantage. As the animals descend the ramp, their effort
is transformed from being futile into being doubly effective. The problem of the
confined space at the top of the ramp is eliminated, while at the same time both
the ascent of a loaded waggon and the safe descent of an empty one is facilitated.

No doubt the builders of the Parthenon valued this system from the project’s
very outset since it ensures that a great deal of marble can be brought up each
day.

One of our labourers must have turned all this over in his mind before asking
his companions:

“I wonder how many huge marble blocks have been hauled up here in
the five years that they’ve been building the temple?”

“Pentelic? Or Piraic as well?” asked the driver.

“Everything, naturally!”

“That’s a difficult one, but I’d say about ten to eleven thousand.”
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“That’s my estimate as well, more than ten waggon loads daily,” if we leave

out the days when rain and mud made transport impossible. But without the
method of balancing the weight of the waggons we wouldn’t have been able to
get even half the amount of marble up there, even if we were twice the number
of men!”

These men and their fellows know that all these important mechanical matters
were addressed by the architects when they decided which methods would prove
the best and least time-consuming. They may not know, however, exactly how
many of these new ideas are indeed the architects’, and how many have been
borrowed. But the waggon driver is certain of one thing: that quite apart from
the inspiration of architects and specialists, the main prerequisite for the safe and
effective operation of any mechanism is, above all else, the care, knowledge and
prudence of all those participating in the work. Thus, while waiting for his turn

to take his waggon up the ramp, he devotes much of his time to a painstaking

inspection not only of the waggon part—the pole in particular—but also of the
machines and pulleys, of the ropes and the stakes to which they are attached,
and even of the ramp’s very surface. Finally, he himself adjusts the distance
between the brake and the waggon wheels.

Twenty mules are then harnessed to the empty waggon and its descent begins.
The immensely resistant kalos, the largest and best of the ropes used here,
becomes encouragingly taut and begins to drag the loaded waggon up the ramp.
The undertaking must be divided into two stages, however, for as the ramp
ascends it takes a turn to the right. Thus the waggon must stop for a while.

The second stage of the ascent takes place just as the first, with the ropes
being passed through a large pulley secured outside the gates to the Acropolis.
Now the excellent organisation of the entire operation pays off and the great
column capital stands on the platform in front of the propylon just as dusk

begins to spread its rosy mantle over Aigaleo and Parnes.




19. At the work site to the east of the Parthenon

On the next day, before the stars have even left the morning sky, the massive

but now empty waggon sets off once again for the quarry. A Naxian stone

mason claims that this time the waggon would return with the first of the marble
blocks for the temple’s architrave: “If all goes well, in a few months, when the
first column capitals are in place, we can set up the architrave immediately.”
However, an Aphidnian, once a companion in arms of Callimachus, voices
concern as to certain developments in far-off lands. “If what is said about Darius’
serious illness is true, then no one knows if in ten months we shall be able to
continue work on erecting the architrave!”

These troubling thoughts are dispelled by the foreman’s salutation. He has

come to give instructions as to how the capital should be moved to the Parthenon.

Once again, as in the quarry, a system employing a sledge and phalanges is used,
this time pulled on a permanent wooden track running from the propylon to the

temple. The marble is hauled by two winches, and finally arrives at a platform

to the east of the Parthenon just before the Agora opens to fill with the jostling
morning crowd. Joining the newcomer here are dozens of half-worked column
drums and a few other likewise partly finished column capitals.?® Here, skilled
stone masons finish only the drums’ lower surface. The upper surface is carefully
completed by other masons immediately after being positioned on their places.?’
Thus the columns are erected in the quickest possible way. The column capitals,
however, have to be completely finished prior to being hoisted into position,
necessitating that work begins on them even as the first row of column drums are
set in position. Two of the column capitals are already in an advanced stage of

completion and begin to take on their final shape. They differ little from those of

the most recent poros stone temple,*® being of the same size with a slightly lower

echinus and a thicker neck. These variations are mostly due to the greater height
of the new temple’s columns, to the nature of the construction material and to

new architectural concepts.




20. A dilemma: greater economy or greater security?

On the next day, one of the architects must inspect the newly brought half-
finished column capital. He has already been informed of the presence of the
fissure and must ponder the seriousness of the problem. It would seem, however,

that he arrives at much the same conclusions as did the quarry foreman three

days earlier since he orders that carving should proceed and that two of the finest

stone masons on the work site should be entrusted with the task.

Firstly, the masons carefully examine the dimensions and the corners of
the half-finished capital, work which demands expert knowledge of geometry.
Secondly, they begin to prepare the first drafted margins for the carving of
the capital’s resting surface. This enables them to examine the fissure more
closely and in the process to estimate the extent of the handicap, especially with
regard to carving at those points where the fissure would meet the delicately
chiselled imantes®' (necking mouldings) and the fluted edges of the column’s
hypotrachelium® (neck). Then they ask the architect for his professional view.

Much discussion ensues. All the evidence seems to indicate that the capital
should be put to one side and that work should continue on the other column
capitals. After new half-finished column capitals have been received, a better

opinion can be formed as to the relative quality of our capital with its fissure.
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“If, in the end, it is deemed suitable, it must be reinforced with quite a number
of hidden iron clamps on both its surfaces”, says the architect with a trace of
weariness.*

“Let us hope that it can be saved!” comes the passionate answer of the oldest
of all the craftsmen, while the youngest looks on anxiously. How thrilled he
has been over the last few days that he should be included in such an important
part of the work. The architect, ever sensitive to the feelings of the aspiring
craftsman, adds a few words of soothing optimism: “There are still quite a few
possibilities, so don’t give up. Your thirst may yet be quenched.” But deep
inside, he is almost certain that the column capital must in the end be deemed
unsuitable.

Nevertheless, he ends the discussion by saying, “for the time being, we shall
put off a decision and think a little more about the matter”.

Thus many days pass and no other work is undertaken on the capital.

This unlucky turn, which seemed so serious at the time, pales in comparison
to the misfortunes that now would befall the Athenian state. Unfortunately, King
Darius in distant Persia breathes his last and his successor, Xerxes, younger and

more energetic, begins to prepare a new campaign against Greece.




21. The work site after the Persian attack

The governing regime in Athens changes abruptly as a shift in policy is needed
to meet the new threat. Themistocles, who now leads the Athenians, cannot
afford to indulge in the luxuries of temple building. All the state’s efforts* are

now devoted to ship building and the preparation of a new and strong navy, to

fortifying the Piraeus, and to the manufacture of a sufficient supply of weapons.

Thus the great building project on the Acropolis grinds to a halt. The brilliant
artists, architects and craftsmen undertake duties of a different kind, but never

lose hope that they will one day continue work on the Acropolis. Forty years

were to pass®® before their hopes could materialise, and when they had, the

glorious half-finished temple lay ruined, consumed by the flames of the Persians.




22. The same site fifty years on

One of the craftsmen who had worked on the column capital met a hero’s death
at Plataea. The other, younger member of the work team is now a venerable

old man and still practices his wonderful craft. For decades following the

great war, opportunities for stone masons were few due to the postponement

of the temple building programmes. Our worthy craftsman, along with his
contemporaries, saw the best years of his life pass by, first in brick making

and then in ship building. Twice more did he offer his military services and on
even more occasions was he obliged to serve abroad. But he is, nevertheless,
lucky to have survived. He is also fortunate to have lived to see the day when,
following the signing of the peace accords some ten years earlier, the state
would decide to continue the temple building programme. And so once more we
find him working on the Acropolis. For ten years he has worked with admirable
resilience, helping in the carving of the threshold, the cornices and the impost
capitals of the antae. By a coincidence of fate he now finds himself at exactly
the same spot where he had sat 50 years ago, when just 18 years old and full

of so many dreams. Now, he feels his last days at the work site pass rapidly.
Sometimes he finds himself unwillingly lost in deep thoughts and reminiscences
of things past. Today, indeed, while lifting his gaze to the pediment, he caught

sight of the column capitals, and for a moment tears well in his eyes.
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But life, as always, continues around him. The Parthenon, the most
illustrious building ever erected by the state, and the greatest accomplishment
in the technology of stone, is almost finished.

The Periclean programme?*® has no precedent. Each of the old buildings
is to be rebuilt, and the surface area is to be almost completely transformed.
Both architects and sculptors think in new ways. Almost nothing has remained
of the plans for the first marble temple; only the diameter of the columns
are the same.’” Although the columns are even taller than those initially
planned,*® the column capitals are clearly smaller.** Indeed, a few of these have
been carved from the older capitals. Very few people, however, know which
these capitals are, and amongst them is our old mason. He knows
which of the forty-six column capitals of the colonnade have been fashioned
out of the handful of old half-finished capitals, carved in such a way as to
match the new dimensions. He is also aware that the capital with the fissure
was never used, even though he cannot locate it now. At one instance he
thought he saw it used as a pedestal, but for what he cannot remember
exactly.®

"7

“That’s what time has in store for us all!” he murmurs with a degree

of melancholy every time his thoughts return to wars and work.




23. Time future

The adventures of the half-worked column capital were to continue during

the centuries that followed and continue to this day. But its story will remain
incomplete, just like the marble itself, unless, of course, we were able to journey
back in time. The modern thirst for knowledge is such that many would give

all for such a journey, considering the ancients privileged for having lived in
such a brilliant epoch. Just over 2500 years have passed, almost one hundred
generations have come and gone since the last appearance of our column capital.
Following generations could never even contemplate the luxury of modern
scientific curiosity—the struggle for survival was enough. Recording history was
a rare and often distorting occurrence, and a hazy oral tradition was often deemed
sufficient to pass on the legacy of generations. Athens for centuries was little
more than a village, a fraction of its ancient size with houses that more resembled
huts. The great distance between quarries and the building site no longer

existed, for the ancient monuments themselves had become quarries. Many later
generations managed to transform one hundred thousand tonnes of sculpture

and hewn marble, that had once belonged to the buildings of antiquity, into ten
million shapeless pieces of one million times less value than the works destroyed
in the process—one might use the analogy of the Mona Lisa cut into strips to

be used as soles for the shoes of the blind. On the Acropolis, all the ancillary
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buildings and thousands of small monuments were destroyed. And let it not
escape us that what is now left of the Parthenon is only a skeleton. Excavations
in the last century, lasting three times as long as the golden age of Pericles itself,
uncovered innumerable fragments of stone statues but nothing in bronze which
would have been a more popular and important material. Then there are the
hundreds of fractured inscriptions, thousands of sherds, and the foundations
of some smaller structures. Tens of thousands of smaller marble fragments
have also been found, originating not only from the Acropolis but also from
buildings all over Athens. One of the hundreds of larger fractured blocks from
the Acropolis monuments now lies some 40 metres east of the Erechtheion.
It is all that remains of the principal actor of this book. At some point, it was
split into two along the length of the fissure and only the smaller part is preserved
today. The necking band and all the edges and corners were destroyed at a later
date when large chunks were cut away, possibly to procure small pieces for
building use. The flat side seems at some stage to have been used as a threshold.*!
But this, together with its fate in antiquity after its rejection, must remain the
stuff of conjecture.

“That’s what time has in store for us all...”, one might say with a degree

of melancholy.
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PART II

EXPLANATION OF PLATES

Analytical Scientific Documentation and Archaeological Study
of the Pentelicon Quarries



Explanation of Plate 1.
(see Figs. 1-6 and 20-21)

Plate 1 is an orthographic projection of an oblong section
of the terrain of the Athens basin, extending from Phaleron
and the Piracus Akte, where the limestone quarries were, to
Mt Pentelicon, the source of the marble. This stretch of ter-
rain, the geographical setting for the quarrying and trans-
port of the building material for the Parthenon, will hence-
forth be called the lithagogia landscape. Pl. 1 was drawn
on the basis of measurements (coordinates and altitudes)
taken from the plans and maps of Athens and Attica, and on
evidence of Athenian historical topography.

A Dbetter understanding of Plate 1 and this explanation

will be gained from Figs. 1-6 and 20-21.
Fig. 1 is a precise drawing of PI. 1 with the reference num-
bers marked. Fig. 2, a general view of Attica, shows the
exact position of the /ithagogia landscape and the form of
its orthographic projection, on the basis of which PI. 1 and
Fig. 1 were drawn. Figs. 3-6 are more analytical maps of the
lithagogia landscape and contain reference numbers mark-
ing every important point in the landscape, coinciding with
those of Fig. 1.

The reference numbers are the actual altitudes of the
points above sea level; this was found to be both service-
able and practical, because the points all happen to be at
different altitudes.

Plate 1 and Figs. 1-6 and 20-21 and the information
accompanying them are an aid to understanding the basic
geophysical conditions of ancient quarrying and especially
ancient stone transport. Additional information is contained
in the explanations of the other plates and the notes. Below
is an explanation of the important points in Figs. 1-6.

E marks the position of an observer in relation to the
plates as follows:

El — Pls. 2 and 12,

E2 — Pl. 13,

E3 — Pl 14,

E4 — Pl 15,
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E5 — Pl 16,
E6 — Pl 17,
E7 — Pl. 18,
E8 — Pls. 19 and 23.

A,II. Ancient quarries of actites (hard marly limestone) and
poros (soft marly limestone) at Piraeus.

AA. Ancient quarries of Acropolis Stone (a very hard,
thick, tabular limestone found on the tops of the hills of
the Acropolis, Lykabettos, Philopappos, the Nymphs, and
others).

AA. Modern quarries of Acropolis Stone (chiefly on the hills
of Philopappos, the Nymphs, Lykabettos, Strephi).

A. Ancient quarries of white marble.

49. Hill of Akte at Piraeus.

54. The Barathron, a very ancient natural chasm, a place of
penal execution and a quarry (44), west of the Hill of the
Nymphs; it has now vanished after intensive quarrying (14)
during the 19th c.

64. The most northwesterly spur of the Hill of the Nymphs,
beyond the Barathron; it no longer exists after intensive
quarrying (44) in the 19th c.

65. The most southwesterly spur of the Hill of the Nymphs,
which has partially disappeared after intensive quarrying
(A4) during the 19th c. and recent building activity.

75-79. Hill of Sikelia. The greater part of it has disappeared
after intensive quarrying (44) during the 19th and 20th c.
and recent building activity.

78. (Fig. 3) Lowest point between the Olympieion and the
Theatre of Dionysus.

80, 97. Western heights of the Hill of the Nymphs.

81. Huge unfinished temple of the Olympieion, built of po-
ros stone.

85. Hill of Munichia, the most easterly and the highest part
of what is now Kastella, at Piraeus.

88. (Fig. 3) Valley of the Stadium.

91. (Fig. 3) Sanctuary of Dionysus.

96. (Fig. 3) Sanctuary of the Nymph.

97-99. Koile, one of the quarters of the ancient city.

99. Site of the Dipylon, the gate of entry for the road from
Piraeus to the Acropolis.

104. Saddle between the Acropolis and the Areopagus.
105-110. Ridge running along the north side of the Hill of
the Nymphs.

110. Pnyx.

115. Areopagus.

125. (Fig. 3) Hill of the Stadium.

138. (Fig. 3) Ardettos.

143. Propylaea.

156. Acropolis.

165. “Strephi Hill”. Most of it has disappeared after inten-
sive quarrying (A4) in the 19th and 20th c. and recent build-
ing activity.

171. The “Schiste Petra”.

277. Lykabettos. Small ancient and large modern quarries
(44 & AA, and cf. explanation of Pl. 15).

370. Boulismene or Thalassi or Limne (old forgotten
names), karstic doline, casually filled in and turned into the
Communal Gymnasium of Nea Penteli (see Fig. 6). For-
merly it used to be flooded by subterranean and rain water.
The following was written about Boulismene (K. Z. Xacd-
e, Eyk. Hliov, vol. 13, 436): “There are considerable and
sufficient indications that there could also have been a me-
teoric crater at Nea Penteli...”

388. “Koupho Vouno”.

430. Site of Moni Pentelis.

505. Hill of the Pentelis Observatory.

700. A1, ancient quarry and cave. A2, large trench-like
quarry (north of A7).

~800. Sanctuary of the Nymphs in the ancient quarries.
948. South saddle of the crest of Mt Pentelicon.

1108. Highest peak of Mt Pentelicon.

31, 122, 128, 172, 179, 188, 200, 240, 280, 285, 438, 466,
469, 470, 473, 544, 930, 990, 1000. Various other heights
and peaks.

140, 127, 48. The lisos.

Fig. 1 The shore, Athens, Mt Pentelicon and
the lithagogia.

Orthographic projection on a scale of 1:5000.
Printed here on a scale of 1:8000.

63



92, 100. (Figs. 3, 4 and 6). The torrent of Kyklovoros (it joins
the Kephissos).

187, 175, 161 and 400, 160 (Fig. 3). The southern tributary
of the Kephissos (torrents of Pentelicon — Halandri Gully
— “Podoniftis” and the torrents of Hymettus). During the

20th c. the greater part of these very ancient natural forma-
tions caused by the perpetual action of water has been
destroyed by modern technical works consequent on the
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thoughtless influx of new inhabitants into Athens.
104-147-81-277-141-240-285-.. -280-181-200-....(Fig. 3).
Kephissos-1lissos watershed boundary.
950-1108-948-1000-910-990-887-930. Crest line of Pen-
telicon, Kephissos watershed boundary.

Different broken lines represent the principal roads of the
ancient lithagogia:

(---) From Pentelicon to Athens.

(---) From Pentelicon to Eleusis (Fig. 2).
(-----) From Piracus to Athens (Fig. 2).

, --=--) From the Piracus Akte to the Olympieion
and Acropolis via Phaleron (Fig. 2).
The line (---), 162-182-175 (Fig. 3, and see Figs. 4, 6),
represents the ancient road connecting the Mesogeia
(127-162-187) road with the Penteles road, beneath which,
centuries later, the so-called Hadrian Aqueduct ran.

In PI. 1 Athens, the historical, financial and political centre
of the Athenian state, is shown unwalled, because in the
second decade of the fifth century its boundaries undoubt-
edly extended a considerable distance beyond its earlier,
somewhat conjectural, limits, and the walls of the Classical
period had not yet been built. The city plan was irregular
because it had grown up progressively over many centuries,
in accordance with the complex laws that govern every or-

ganic development. The city, consisting of the Acropolis
(originally the Polis) and the Asty (town), spread over an
area of ~1.6 square kilometres. Its compass is known to us
chiefly from the line of the Themistoclean Wall (479 BC),
shown in Fig. 6 by a heavy dotted line. The distance from
the Kerameikos (on the left, but hidden behind the hill of
Munichia) to the 4th c. Stadium (at Ardettos) is not more
than two kilometres and thus the full width of the ancient

9

extensive rocky hill of Sikelia can be seen the great un-
finished temple of Olympian Zeus. At the right-hand side
part of the hill of Ardettos is also visible. A line of thicker
greenery running down to the left of Ardettos, which dis-
appears behind Sikelia and reappears in the centre of the
landscape and continues to the left, indicates the course of
the /lissos river.

The quarries that supplied the marble for the ancient
monuments were chiefly situated on the south slopes of Mt
Pentelicon, along a ridge running SW-NE that starts almost
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from the base of the central mountain mass and meets the
crest line on the SE side of the main peak. The regular,
almost straight formation of this ridge, as of the other geo-
physical formations on the mountain, are largely the result
of the combination of an internal and an external factor: the
geological composition and its structure and the form and
age of the erosion.

The rock of the ridge presents folds, whose axes are
roughly parallel to the ridge itself. Because of the forma-
tion of these folds the two finest veins of marble, which
also happen to be the finest on the whole mountain, appear
roughly on the line of the ridge as almost vertical veins
alternating with other layers of a different composition.
The visible manifestation of this formation in the natu-
ral landscape of Pentelicon can no longer be seen due to
the prominent presence of the quarries, but it is a famil-
iar phenomenon in similar geological contexts where the
landscape is well preserved. It is therefore very probable
that 25 centuries ago the surface outcroppings of the under-
lying geological formation were visible along the ridge as
parallel bands of different earth texture, colour and vegeta-
tion growth. In particular the two veins of fine marble must
have been evident. The alternating veins, containing rich
layers of argillaceous schist, supported a greater growth of
vegetation and retention of plant cover. A differential de-
velopment of vegetation, whether of shrubs or trees, is usu-
ally more apparent from a distance. In a clear atmosphere
and in the right light the fine marble-bearing veins along
the ridge on Mt Pentelicon would have been visible to an
expert eye from Athens itself (see P1. 1).

The final geomorphological shape of the ridge was itself
certainly the result of the differential erosion of the moun-
tainside. The perpetual violent action of water has scoured
on both sides of the ridge the two gullies that form its nat-
ural boundaries. The two gullies are roughly parallel and
like the ridge run from high up on the mountain down to
where they terminate and converge at an altitude of ~450 m.
Their common continuation, a central torrent with a deep
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bed, augmented by the confluence of numerous other Pen-
telicon torrents, traverses the eastern part of the plain for a
distance of ten kilometres (now interrupted by the horizon-
tal cut of Attiki Odos) as far as Halandri; there it turns west-
ward and continues for another ten kilometres to Sepolia,
where it joins the Kephissos as a main tributary.

The shape of the marble-bearing ridge and subsequently
the ten first kilometres of the course of the large torrent were
the chief geomorphological factors in antiquity that led to
the first systematic construction of the road for the /itha-
gogia, whose ultimate descendant is the modern Pentelis
Avenue. The ridge has an average slope of ~30° between the
altitudes of 500 and 800 m, ~18° between 800 and 900 and
~33° between 900 and 1020 m. Its total length is some two
kilometres, its width, defined by the two gullies, ~350+£50
m and its elevation ~90 m, measured as the difference in
altitude between points on the crest of the ridge and corre-
sponding points in the bottom of the deepest gully, namely
the one to the south. This elevation is more or less the same
over the length of the ridge, because the two gullies are par-
allel to each other and their downward inclination automat-
ically determines the slope of the ridge itself. A thin vein
of argillaceous schist forms, or formed (before the recent
changes in the area) the crest of the ridge. On either side of
it lie the veins of fine marble, the narrower one on the left
and the wider one on the right (Fig. 13). The longitudinal
direction of the geological structure of the two veins, which
was very important for quarrying, exactly coincides with
the direction of the ridge itself, and consequently the quar-
rying advanced in a linear fashion along the ridge on either
side of its crest (Fig. 20). The largest quarries, at an altitude
of 700 to 900 m, acquired great importance, one indication
of which was the establishment of the characteristic cult of
the Nymphs, and undoubtedly of Pan as well. The statue of
Athena mentioned by Pausanias (I, 32, 1-2) probably stood
near the top of the mountain.

Unhappily modern quarrying began right at the site of
the ancient quarries and proceeded to excavate almost the

entire length of the ridge, virtually destroying it. All that we
have left are the positions of the ancient quarries marked
on maps by early scholars. Various remnants of the ancient
quarries can still be discerned inside the modern ones.

However, distinguishing the ancient from the modern
quarries is not always so easy. As a rule the ancient sur-
face cuttings in the rock show evidence of the characteristic
picking by heavy or medium heavy implements, the marks
of which form regular grooves running in parallel or alter-
nating directions. Unfinished sculptures left in the quarries
or along the slipway are further proof of the antiquity of
these quarries. The most famous is the one known as the
Spelia Quarry. The lower end of the steep, still surviving
slipway for the loaded sledges (P1. 13, figs. 1-4 and 20-21)
was at an altitude of ~490 m. Its length as far as the Spelia
Quarry, at an altitude of ~700 m, was ~800 m, and it was
cut in almost a straight line with a more or less constant
gradient of ~25 £1% in the upper part and ~30% in the
lower. Some parts of it have been completely, and others
partially, destroyed by modern quarrying activities (for the
original form of this ancient slipway see the Explanation of
P1. 13 and pp. 100-103).

Along the way, before and after the Spelia Quarry and
between the altitudes of 500 and 920 m, for a distance of
~1700 m from its lower end, there were many other quar-
ries, of which only slight remains have survived. The road
would have been stone paved, probably as far as the farthest
quarries of the continuous upper series. The road contin-
ued to the summit (1108 m), ~3 km distant from the 470 m
point. At a horizontal distance of ~400 m from the summit
towards the SE (on the left looking from Athens) at an alti-
tude of ~1020 m is the highest of the ancient quarries on
Pentelicon, removed from the rest (and now much altered
by recent quarrying)'.

1. The closest to the crest on the map of Kaupert; See J. Wiseman, An
Unfinished Colossus on Mt. Pendeli, 4J4 72,1968, 75-76. R. Carpenter,
The Unfinished Colossus on Mt. Pendeli, 4J4 72,1968, 279-280.

The stone transport road, the lithagogia, started at the
bottom end of the slipway (490), followed the right bank of
the Halandri stream for a distance of some four kilometres
and then the left bank for another four kilometres; after-
wards it ran close to the course of Kephisias st. (now Vas.
Sophias Avenue), with a part of which it coincided, and via
the present-day National Garden and the south slope of the
Acropolis it terminated just beyond the Sanctuary of the
Nymph, at an altitude of 96 m, where it crossed another road
that ran along the west side of the Herodeion to the Acrop-
olis. The road distance from the lower end of the slipway to
the crossroads west of the Sanctuary of the Nymph was 14.4
km, in other words only 100 m further than the horizontal
straight line distance between the two points. This was due
to the constancy of the NE-SW direction of the road, which
was itself the result of the similar orientation of the prin-
cipal geophysical features which determined the cutting of
the road, such as the stream bed and the central range of
hills of the Athenian plain.

The lithagogia road was downhill for nearly its whole
length. For the first 2000 m (from the point where the wag-
gons were loaded) the average gradient was fairly steep,
~6.6%, and over the next 2000 m, ~4.5%. After that, for
5000 m, as far as the southernmost torrent bed of the stream
(Fig. 3, 175), the average gradient was only ~1.6%. From
there, for 2000 m, until the line of the Ilissos watershed
(Fig. 3, 181) the road went slightly uphill, ~+0.5%, after
which it went downhill again for ~5000 m as far as east of
the Sanctuary of Dionysus, which was its lowest point, ~78
m, with an average gradient of -1.8%, but with pronounced
variations of ~+ 1%. The rest of the way was uphill. For
300 m, as far as the Sanctuary of Dionysus, the gradient
was ~+0.5%, and then ~+2.5% for another 200 m to the
Sanctuary of the Nymph. From there on the much steeper
gradients combined with the narrow city confines made it
impossible to continue hauling the loaded waggons with
draught animals alone. From the Sanctuary of the Nymph
to the line of the west slope, a distance of only 150 m, the

gradient was ~+13%! The remaining section of the road
up to the Propylaea, in the form a huge inclined plane, had
an average gradient of ~+28%!! and the last part, from the
Propylaea to the east side of the Parthenon (altitude ~155
m), a distance of ~+150 m, with an average gradient of
+11.5% was also very difficult.

For the precise course of the pentelethen lithagogia
there is no particular evidence, ancient or modern, nor are
there any other contemporary archaeological studies. Only
a few decades ago, and more so in the last century, the ter-
rain would have been largely free for surveys and particu-
lar archaeological investigations, which unfortunately were
never carried out.

Today, after the vast uncontrolled, unplanned building
operations that have covered and defaced the Attic plain,
historical and topographical investigations are very diffi-
cult. Nevertheless, even under these unfavourable condi-
tions, it has still been possible to carry out some research
into the historical topography of the Attic plain by making
appropriate and systematic use of all the available evi-
dence.

A careful comparison of recent street plans (Fig. 6) with
older topographical maps, prior to the great building boom
in Athens (Fig. 4), shows that the original narrow country
roads which traversed the uninhabited areas between small
villages like Halandri, Koukouvaounes (modern Metamor-
phosi) or Arakli (modern Irakleio) did not as a rule go out
of existence as a result of the new overgrown shape of the
densely populated city, but continued to exist incorporated
or transformed in various ways in the indescribable, irregu-
lar, but not entirely fortuitous town plan. The same thing
may also be said of some very ancient geophysical fea-
tures of the landscape, including the beds or even only the
courses of the different seasonal torrents that once freely
traversed the terrain, including very small ones. On the oth-
er hand the buildings of earlier and even relatively recent
times have nearly all disappeared, and with them all their
evidence, with one sole exception: the churches.

Although these have undergone transformations, of-
ten drastic and deplorable, they have remained generally
immovable. On the site of the large church of Hagia Par-
askevi on Mesogeion Ave., as in numerous similar cases,
there was originally a much older, humbler church; and a
hundred years before the community of Hagios Silas came
into existence at Nea Penteli, the little church of that name
was already there. There are of course instances of very old
roads that went out of use and disappeared, of torrents that
were filled in and made into roads and building plots, of lit-
tle old churches that instead of being preserved or replaced
by modern ones were simply pulled down and forgotten,
and of modern churches being built where there was no old
religious or other sort of building.

Ancient Greek roads were as a rule very simply built.
They did not have solid stone paving or foundations like
the Roman ones. They had only a light road surface made
of levelled and compacted earth, sometimes reinforced
with layers of pebbles or stone debris. Such roads are eas-
ily destroyed by the weather, if they are not kept up, and
soon become merged again into the terrain. Nevertheless,
due to certain natural causes, even these lightly built roads
have not entirely merged into the rest of the terrain, and
they can be recognized at points where chance or excava-
tion has revealed them, even if no roadside buildings, gut-
ters or other diagnostic features have survived, but it needs
careful attention and some experience to identify them.
Sometimes, where the surface of a road is on rock or sof-
trock, parallel ruts are preserved, left by the passage of
waggon wheels. Sometimes there is archaeological evi-
dence, usually consisting of indirect, but nonetheless sure,
indications of ancient roadways in the form of ancient aq-
ueducts, grave monuments and commonly old churches.
The evidence we have indicates that it was always found
easier to dig ditches in the ground or tunnels for aqueducts
along existing roads rather than across a series of private
properties. Graves, especially those with funerary monu-
ments, were almost exclusively built beside roads, espe-
cially main roads. In searching for the traces or even for
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whole sections of a road, certain functional or geophysical
criteria prove very useful, like the shortness of the road con-
nections between two places, natural fords, the easiest spots
for bridging torrents, the routes offering the fewest or small-
est natural obstacles, and so on. For all these reasons, in ad-
dition to other, chiefly practical and historical ones, the
courses of the older roads have remained almost unchanged
until today. A good example is the Penteles road, which al-
ways followed a route that ran partly along the north side
and partly along the south side of the Halandri stream (Figs.
4, 6). The course of this road has undergone only minor lo-
cal changes, mainly connected with various works of im-
provement. Until about 1840, from Halandri onwards, the
road ran along the north side of the stream. The existence of
two ancient aqueducts on the same side makes it very prob-
able that the road was also there in ancient times. One of
these aqueducts, on the surface and cut into the ground, ran
along the present Kyprion Agoniston st. At the imaginary
intersection of this road with today’s Mesogeion Ave. in Ma-
rousi, and roughly opposite the modern Schole Douka, there
was also a large Tumulus which was still in existence at the
beginning of this century. About 6.3 km from Halandri,
somewhere in the present small street of Ippokratous in Nea
Penteli, the road forked. The south branch crossed over a
small bridge to the south bank of the stream and led to the
monastery Moni Pentelis, and more generally to the location
of the ancient village of Pentele. The north branch, which
coincided with the modern streets of Sokratous, Aristopha-
nous and Perikleous in Nea Penteli, went directly to the
quarries, which began to be operated again at the end of the
1830s due to the demand for marble created by the Athenian
neoclassical buildings. In 1841-42, with money provided by
Sophie de Marbois, Duchesse de Plaisance?, and to the de-
sign of A. Georgantas®, a fine five-span bridge (Fig. 7) was

2. A. Kaumovpoyrov, 'H Aovkicoa ti|g IThakevtiog, Athens 1923 in
Melérar kai Epevvai, ‘Eotia, 1927, vol. 1.

3. A. Kapmovpoylov, op. cit., 289-290, for A. Georgantas see I. TpovAdg,
A. Koxkov, Eppovnoin, Athens 1980, 68, 70, 81, 93,124-125
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built over the stream at a distance of some four kilometres
from Halandri and three from Penteli on the modern Douk-
issis Plakentias st. in Melissia (Fig. 6). This bridge served to
shorten the road, by shifting a section of it, four kilometres
long, to the south side of the stream, the main objective be-
ing to expedite the transport of marble to Athens, primarily
for the construction of the Ilissia Megaron, today the Byzan-
tine Museum. In any event it is very probable that this new
route is the same as an ancient one whose purpose must also
have been to facilitate the stone transport. And it is therefore
also probable that the modern five-span bridge stands on the
site of an ancient one, no traces of which have survived or
at least can be recognized. The greater part of the road we
have described still exists. It coincides with the modern
streets (from east to west) of Aristeidou, Hagias Marinas,
Palaion Latomeion, Doukissis Plakentias and Keas in
Melissia, the street Troias in Vrilissia, as far as the intersec-
tion with Menelaou st. and Pentelis Ave. from the present
Halandri Municipal Sports Centre to Halandri. The section
of the avenue above the Sports Centre as far as the first fork
to Nea Penteli is more recent and was built to shorten the
route to the Moni and Palaia Penteli. It is worth remarking
here that from the quarries to Halandri the road was contin-
uously downhill and therefore very advantageous for haul-
ing heavily laden waggons. Only the earlier route across the
stream, exactly north of Halandri, had in succession a down-
hill and an uphill section. But as we have seen, this obstacle
was avoided by moving a four kilometre section of the road
across to the south side of the stream. However, the contin-
uation of the road on to Athens after Halandri was slightly
uphill for 1.5 km, as it still is today. The map by the engi-
neer A. Sommer shows that even 150 years ago, when
Halandri was a very small village with only a few houses,
the road joining it to Athens followed its present course for
the most part: Vasileos Konstantinou Ave., Ethnikis Antista-
seos st. and Kifisias Ave., the only difference being that at
Hagia Varvara the road did not have its present bend to-
wards Kifisias Ave., but followed the line of Mistral st. and

joined Kifisias some three hundred metres further south at
the crossing with Al. Papanastasiou st., at an altitude of
~180 m. The lowest point on the route, ~170 m, was one
and a half kilometres before this, at the junction of the
streets Ethnikis Antistaseos and Kodrou, which follows the
line of the filled-in stream on the NW side of Hymettus and
Argonauton st., beneath which the so-called Hadrian's Aq-
ueduct ran at a depth of ~20 m.* At this point the road
forked, acquiring a southern branch that led with only a
slight southerly detour to Mesogeion Ave. Beneath this
branch, which coincided with the present Apostolopoulou
and 25th Martiou st., ran the tunnel for Hadrian’s Aque-
duct. One other road connected Halandri with Athens, via
the Mesogeia road. It coincided with the present S. Venize-
lou st. and must have arrived at Mesogeion Ave., following
a route almost parallel to the modern streets of Naupliou in
Halandri and Bouboulinas in Neo Psychiko. Along this
route, about half a kilometre south of the centre of Haland-
ri, is the Panhagia Marmariotissa® a very important Roman
funerary monument, whose lower surviving part has been
transformed into a church. Both the existence of the tomb
and its survival in the form of a church are strong indica-
tions of the antiquity of the road. This road had certain ad-
vantages over Kephisias st., not only for the lithagogia but
for all transport generally. The only uphill stretch along it
was shorter than the similar one on the road to Kephisias st.
It started at an altitude of 175 m, some three hundred metres
south of the church of Panhagia Marmariotissa, at the inter-
section of the road with one of the torrents in the natural
depression of Halandri (today filled in, beneath Saranta-
porou st.), and after some nine hundred metres reached its
maximum altitude of ~183 m. The route via Mesogeion
Ave. was nowhere as steep as Kephisias st. in the region of

4. E Ziller, Untersuchungen iiber die Wasserleitungen Athens, AM 2,1877,
120-122, pl.6, 8.

5. H. Mobius, Attische Architekturstudien, AM 52, 1927, 189-196, fig.
4, 8-14.

Ampelokepoi, where in the space of only 500 m the differ-
ence in altitude exceeded 20 m, as it is today. Hauling wag-
gons over this stretch to Pentelicon must have been very
hard work, while conducting them towards Athens would
have called for good brakes. At all events it is reasonable to
suppose that both roads would have been in use, especially
while the Parthenon was being built. Due to the large num-
ber of waggons travelling back and forth between Athens
and Pentelicon some traffic problems must have been inev-
itable, particularly whenever two waggons met and had to
pass each other without causing chaos among the two teams
drawing them, since each team would have numbered doz-
ens of animals. In such cases the width of the road must
have been considerably greater than the mere sum of the
widths of the two waggons. There would have been less of
a problem if both roads were used, and perhaps they adopt-
ed a one-way system in every place where this was feasible.
These places have already been mentioned: one from Am-
pelokepoi to Halandri (Mesogeion Ave. — Kifisias Ave.) and
the other from Halandri to the five-span bridge (roads on
both sides of the stream).

That the junction of the Mesogeion Ave. and Kephisias
Ave. was at the same spot a hundred and fifty years ago as
it is today can plainly be seen on Aldenhoven’s map (1837),
and it must always have been there, as the geophysical data
indicate. However, although the precise course of the road
from this point to the town cannot be identified today with
any certainty, even at the beginning of the last century,
when Syntagma Square was just an empty open space, two
hundred metres beyond the last houses, the road from the
Mesogeia coincided exactly with the present Vas. Sophias
Ave. as far as Regilles st. From there on it followed Mou-
rouzi st., crossing the National Garden below the mod-
ern Boule (the Parliament), and ended at the Mesogeitike
Porta (Gate) of the town at the beginning of Amalias Ave.
Very probably in antiquity the road followed roughly the
same route, with the exception of the last part, which was
somewhat displaced in the 18th century due to the pecu-

liar position of the Mesogeitike Porta. During the Middle
Byzantine period a southerly branch of this road arrived
at the Kastro tes Athenas, as the Acropolis was called at
that time, via Kydathenaion st. and its continuation, 7hes-
pidos st., which ended at the east gate of the Rizokastro,
which was the circuit wall at the beginning of the 13th c.
At any rate, the ancient continuation of Mesogeion Ave. to
the Acropolis took an even more southerly route at a lower
altitude. Indications of the line of this road are given by
the so-called Aqueduct of Peisistratus, parts of which have
been uncovered at different times in the National Garden,
in Lysikratous Square, in the Sanctuary of Dionysus, south
of the Herodeion and on the north side of the Hill of the
Nymphs. An even more southerly branch of the ancient
road came to the Olympieion. This is the route that must
have been taken by the bulkiest blocks of Pentelic marble
for the later construction of the huge temple in the 2nd c.
BC under Antiochus V and in the 2nd c. AD under Hadrian.

In the Hellenistic, and even more so in the Roman peri-
od, a large part of the production of the Pentelicon quarries,
chiefly sarcophagi and secondarily statues and architectural
elements, was exported, and consequently there must have
been some extension of the road to Piraeus.

The final point in these comments concerns toponyms,
and first of all the ancient names of Pentelicon and Pen-
tele: the older of the two is Pentele. This was the name of
a settlement on the site of the present Moni Pentelis. The
original name of the mountain was Brelissos. The names
of pentelethen lithagogia in the Acropolis inscriptions and
Pentelicon derived from the name of the settlement.

A more recent name, Oros ton Amomon was due to the
growth of asceticism in the Middle Ages. The older name
Pentele was never forgotten, but it sometimes became cor-
rupted in later times to Mentele, the consequence of which
was the use of the name Mone Menteles. Simultaneous-
ly with the name Penteles, a variation of the name as the
epithet of the monastery is Mone Pentele instead of Mone
Penteles (commonly used by German authors; today Moni

Pentelis). The area of the ancient quarries, at an altitude
of ~800 m, is sometimes referred to as Aspra Marmara
(White Marbles). There are many more occasional topo-
nyms, invented by the casual workers in the different quar-
ries. Rather older are the toponyms Bathyrema and Soule-
nari (west of Spilia). The name Spelia or Spilia tis Pentelis
is the oldest and surest of the more recent toponyms. The
popular Spilia tou Daveli has no basis. Often, especially in
scholarly studies, the name Spelaion ton Amomon is used.

— A. ApaPavtwvog et al, Ieviki poQuiotikn perétn dvartdéews Heviédng,
Athens 1975.

— A. Toahavoémoviog, 'E&opukrikég dpaotnplotnteg otnv ATTIKT, Ko-
tahoyog ékOécewc “Arnio Tomio kai Ilepifaiiov”, YIIIIO, Athens
1989, 284-287.

— J. Camp, Watersystems of Ancient Athens, Univ. of Michigan 1976.

— E. Curtius — J. A. Kaupert, Karten von Attika, Berlin 1881-1900, 4, 5,
12.

— O. Fountoulaki, Stamatios Kleanthes, Athens 1979.

— W. Judeich, Topographie von Athen, Miinchen 1931.

— G. Koch — H. Sichtermann, Rémische Sarkophage, Miinchen 1982.

— A. Kopdéhhag, Ai A0nvour eletalouevor bro dvopaviixny Emoyrv, Ath-
ens 1887.

— R. Lepsius, Griechische Marmorstudien, Berlin 1890, 11-23; Geolo-
gie von Attika, Berlin 1893, 55-60,151-153.

— A. Milchhoéfer, Erldutender Text zu den Karten von Attika, Heft 111-VI
(Berlin 1889), 32-35.

— K. Mripng, I 4 adyypovy A6nva, 1, 1956, 39-41 (Té Aatopeio koi
ot Aopot 1@V ABnvav); Ai Abivou, Athens 1966; Ai torwvouion tijg
ToAew¢ Kai TV wEPLYdpwY TV AOvadv, Athens 1971.

— J. Travlos, Bildlexikon zur Topographie des antiken Athen, Tiibin-

gen 1971; Bildlexikon zur Topographie des antiken Attika, Tiibingen
1988.

— J.B.Ward-Perkins (Collected Papers of), Marble in Antiquity, H.
Dodge and B. Ward-Perkins, eds., British School at Rome, London
(1992) passim and fig. 59.

— R.A. Wycherley, Pentelethen, ABSA4 68,1973, 349-353.
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Fig. 7 Five-span marble bridge on the ancient quarry road.
Condition in 1992. Plan and east view (1:120).

The bridge is about 4 km from Halandri and 3 km from
Pentelicon on the modern Doukissis Plakentias st. in
Melissia. It was built in 1841-42 at the expense of Sophie
de Marbois, Duchesse de Plaisance to the plans of the ar-
chitect-engineer Alexandros Georgantas. It was intended
for the transport of marble to Athens, primarily for the II-
issia Megaron, today the Byzantine Museum. The bridge
had a length of 40 m, an effective width of 3.50 m and an
overall height of 10 m. A study of the different measure-
ments of the bridge makes it possible to arrive at certain
conclusions about the principles behind the calculations
used in its construction: the arches all have a radius exact-
ly equal to 3.00 m and an angular measurement of 120°
instead of the more usual 180°. Thanks to the quality of
the materials and its structure, the bridge is in an excellent
state of preservation. Nevertheless, one part of the bridge
appears to be of a poor construction not in keeping with
the rest. The parapets are very low and built of obviously
second-class materials. This was not due to carelessness in
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the choice of the material at the time it was built, however.
It is solely due to the robbing of the very part of the struc-
ture that in bridges of this kind was intended to present the
most finished appearance, in other words the marble cap-
ping of the parapet characteristic of such bridges. When
Kambouroglou gave a rather summary description of the
bridge in 1923, the marble capping stones, the kraspeda
(kerbstones) as he called them, had already been removed.
An aesthetically interesting feature of the bridge is the de-
liberate changes in the styles of construction apparent in
the different zones from the lower to the upper parts. The
lower, wide parts of the piers are built of rough stones. The
rest, up to the beginning of the arches, is of more careful-
ly and decoratively fashioned rubble masonry. The arches
themselves and the corresponding parts of the piers exhib-
it a much more carefully dressed appearance, and the sur-
viving parts of the parapet are almost the same. Evidently
the missing capping stones must have been the most per-
fectly cut.

This solidly built structure dating to the very beginnings
of the modern Greek state is not yet threatened by old age.

The only threat to it is from the aesthetic destruction of
its original environment, from its proximity to the products
of an unfortunate architectural development, and from the
accumulation of garbage along the banks of the stream and
other evil tokens of our era.

Casual visitors of today overlook the monument; they
are usually riding in some vehicle and do not realize its orig-
inal beauty. In other circumstances, however, they would
undoubtedly have formed a different impression, like that
of Kambouroglou:

“And the encounter is truly a delightful one, among
woodlands in their natural state, with a naive and simple,
but ever poetic bridge. What astonishes one, however, is
this majestic, age-old, many-arched bridge, that was des-
tined for the transport of marble from the mountain quarry
to Athens.”

— A. Kopmovpoyrov, Meléror kai Epevvar, vol. 1, Athens 1927, 289-290.




Explanation of Plates 2-5.

Obtaining large building blocks is only easy if they happen
to have already become separated from the parent rock by
existing natural joints. If this is not the case, they must be
detached from the rock mass with the aid of cutting and
splitting tools. More specifically, it is only possible, or
at least practicable, to split a rock with wedges along the
strata or perceivable cleavage planes if the rock is free all
round. If it is not, then the task is much harder, because it
is first necessary to cut around the perimeter of the stone
to a depth corresponding to the height or thickness of the
desired block. If the rock is marble the most usual method
is to cut narrow grooves, if the depth does not exceed 50-
60 cm, or by cutting a wide trench if the depth has to be
greater. The ancient Greeks only resorted to this laborious
method of cutting around a marble block by grooving or
more rarely channelling it if it was absolutely indispensa-
ble, or if, that is, the rock was continuous and unfissured
over an area much greater than that of the desired block.
Since it was easier to obtain a block when it happened to
be bounded by accidental natural fissures or by regularly
repeated natural joints in the rock, ancient quarrymen, like
modern ones, tried to exploit as far as possible the possibil-
ities afforded by these natural discontinuities in order to
save themselves all or some of the labour of freeing each
block all round; they therefore organized the quarrying to
follow as far as possible the pre-existing natural joints.
Thus every quarry acquired a particular irregular shape as
a consequence of the special geometry of the strata and the
natural fragmentation of the rock. The part of an ancient
quarry shown in Pls. 2 and 12 is irregular for the same rea-
sons. Its multiple surfaces are of three distinct types: the
dark-coloured surfaces of the natural fissures and joints
(“master joints” in the language of English quarrymen),
usually yellowish-red due to the argillaceous and stalactit-
ic material, surfaces with parallel rows of marks left by a
heavy cutting tool (the tykos, Pl. 7) and the white surfaces
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of the fresh breaks or splits. Around the edge of the splits
are preserved parts of the sockets cut for the wedges in pre-
vious stages of the quarrying. This is also the origin of the
dressing with a punch along approximately the median line
of the upper surface of the stone for the capital. This con-
tinuous line is the remnant of the groove cut in a previous
operation to free the front part of an overlying mass. The
back part of the same mass was removed immediately af-
terwards with the help of wedges, the positions of which
are apparent from the remains of their sockets along the
same line.

On the left (Pls. 2, 4) rectangular slabs are being de-
tached by exploiting the natural fissures and cutting a few
grooves. On the right (Pls. 2, 12) there are only steep rocky
surfaces with temporary tracks for hauling the marble
blocks out of the quarry.

The shape of the quarry in our illustrations was in a
state of constant change and growth, as would have been
the case in every quarry, so that Pls. 2 and 12 only depict
transitory phases in the quarry Al.

— M. Korres, The Geological factor in Ancient Greek Architecture, The
Engineering Geology of Ancient Works, Monuments and Historical Sites
(P. G. Marinos and G. C. Koukis, eds.), Rotterdam 1988, 1779-1793.

Explanation of Plates 6-7.
(see Figs. 8,9)

The marble of the Parthenon and of Pentelicon generally,
like many other places, exhibits a grading of its mechanical
properties in different directions, according to the length
(1) (longitudinal axis of the fabric), width (2), and thickness
(3) of'its crystalline structure (see Fig. 8). The length offers
the greatest tensile-bending strength, and the thickness, the
least. The conceptual surfaces I11, which are defined by the
directions 1, 2, are the softest and a fairly smooth cleavage
is possible along them. This cleavage occurs more easily
in direction I and less easily in direction 2. The concep-
tual surfaces I, which are defined by the directions 2 and
3 are the hardest and at the same time those along which
a smooth cleavage is not possible. Lastly, the conceptual
surfaces II, defined by the directions I and 3, are harder
then those of 71T and softer than those of 1. Cleavage along
surfaces II are more difficult and less perfect than those
along surfaces I11.

In virtually all the quarries on the south side of Pen-
telicon the length of the rock is orientated from SW to NE,
with an inclination of 10°-30°, and the rock is interrupted
transversally by natural vertical tectonic joints, the distanc-
es between which range from 1 to 8 m. The two other direc-
tions of the geological structure (2 and 3) exhibit variations
of inclination due to the folding of the rock (see Fig. 13).

In accordance with the above, the marble slab depict-
ed in the illustrations, from which the large Doric capital
would have been made, is bounded by two natural joints
and the length of the rock runs from the bottom left to the
top right, approximately at right angles to the joints. The
trimming of the superfluous rock from the upper part along
the length and width is done only with wedges, while re-
moving the superfluous rock on the left side, which is per-
pendicular to the /ength, is effected, after deep channels
and numerous wedge slots have first been cut to make the
splitting run as near to the desired plane as possible. The

detachment of the front part in such a way that it is per-
pendicular to the width of the rock, is moderately difficult,
and for this reason can be effected over a larger area than
that of the small piece, using shallower grooves and wedge
slots (PIs. 7, 8). These factors also apply to the further cut-
ting up of the top slab (P1. 7).

The difference in hardness and cleavage according to
the different directions or dimensions of a piece of marble
may be compared to the differences in the hardness and
cleavage of a piece of wood according to whether the grain
is parallel or perpendicular. The structural causes of the dif-
ferences may be dissimilar: the process of crystallisation in
one case, and the process of organic growth in the other,
but such differences do not prevent the artisans working in
stone and wood from approaching the problems of break-
ing and splitting in a similar way. These differences in the
case of wood or schist can be easily grasped by an ordinary
person, even if he is not familiar with wood or stone work-
ing. On the other hand, the differences generally intrinsic
to a body of white, veinless marble are not readily apparent
to the eye. The ways of distinguishing them are one of the
secrets of the skilled stone-mason’s craft.

The traditional terminology of the marble-cutters when
referring to the faces of a marble slab is worth noting:

- face equals surface 111
- head equals surface 1
- mourelo equals surface I1

The two first terms are also used by Greek woodwork-
ers for the corresponding surfaces of a piece of wood!. The
third term also comes from woodworking: the Venetian
more¢lo is the thickness lengthwise of a wooden board?.

1. Z. TCaptlavog, Iepi tév Aaikdv teyvikdv Spwv T 0lkodoMIKTS, HeTh
AeCikod avt@v, Athens 1961, 117, 152, 193.
2. G. Caniato (ed.), Arte degli squerarioli, Venezia 1985, 202.

Fig. 8 Crystaline stucture (fabric) and stone-cutting.
A Cutting obliquely to the axes of the fabric
B Cutting parallel to the axes of the fabric

1 length of the fabric......

(greatest tensile strength)
direction of driving wedges->

2 width of the fabric......

(moderate tensile strength)

direction of lateral -
driving of wedges

3 thickness of the fabric

(little tensile strength)

direction of hewing <
quarrying grooves

head of the
rock
hard face

cheek of the
rock
moderately hard face

face of the

rock or plane of
cleavage

soft face

Fig. 9 Fabric and stone-cutting.

The determination of the quarrying grooves followed rules
for the most efficient exploitation of the different mechan-
ical properties of the length, width and thickness of the ge-
ological structure. The grooves were perpendicular to the
face of the fabric and generally not deeper than ~60 cm, so
that they could be cut from the outside and would there-
fore be much narrower and more economical than the com-
mon quarrying trenches. It was therefore advantageous for
even very large buildings to be constructed of stones that,
where possible, would not be thicker than 60 cm (this was
the main reason why the architraves of the Parthenon had a
thickness of three blocks 60cm thick instead of two 90cm
thick). The other dimensions followed the length and thick-
ness of the geological grain, so that every stone conformed
to the requirements of its static function in the building and
the stone-cutting requirements of dressing it in the differ-
ent stages. Architraves and beams had to be parallel to the
length of the fabric, while the different sculptured decora-
tions were more easily carved on the softer sides (e.g. faces)
of the fabric. It was better if the harder sides (e.g. heads)
ended at the joints, primarily the side ones, for maximum
economy in the labour of hewing.
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Explanation of Plate 8.

The first step in giving the block a regular geometrical
shape was to create a plane of reference. This was laid out
by chiselling guide lines around the perimeter. These were
levelled up by making successive corrections until two long
straight rods, placed on two opposite sides of the slab, were
exactly aligned with each other; the rods were of wood in
the first stages of the work, and of iron or stone in the later
ones. The slab intended for the capital is seen here at the
stage in which the edges are being prepared; the remaining,
larger part of the surface is left unworked or only roughly
dressed. This is a common feature of most of the unfinished
marble members. This is the stage when the lifting bosses
or “ears” begin to appear; these were parts of the original
stone mass that were deliberately left as projections, useful
both as indicators of the thickness of the marble that had
been removed in the course of the dressing, and as boss-
es for gripping or supporting the stone while it was being
moved, turned over or lifted.

In the foreground of the illustration two stout wooden
beams and a small pile of stone debris are visible; these
will be used for turning the block over in order to dress the
underside.
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Explanation of Plate 9.

Turning the marble blocks over in the quarry was always a
difficult operation in the days before industrial lifting ma-
chinery came into use. Sometimes, however, the underside,
although having a natural clastic fracture surface, turned
out to be moderately even, and it was therefore not en-
tirely necessary to dress it at the quarry. In this case they
preferred to transport the stone together with its relatively
slight surplus thickness on the underside rather than con-
front the difficulties of inverting it. One such instance was
the huge half-worked cylindrical marble block (see Fig. 17)
whose fragments still lie on the right of the slipway at a
distance of ~250 m from the Spelia Quarry. Such stones
only needed to be turned over one time before being final-
ly dressed and set in place. Depending on the evenness or
otherwise of the lower separation or cleavage surface of
the rock, the blocks for a building needed to be turned over
at least once in the course of dressing and setting them in
place, and very often twice. The result was that the relative
positions occupied by some of them, particularly the many
blocks in a wall, when a building was constructed often
corresponded to those they had occupied for millions of
years in the rock matrix from which they were taken.

Explanation of Plate 10.
(see Fig. 10)

Some of the most important tools used for working marble
had evolved from similar tools used for poros stone or even
wood, while others were clearly intended especially for
marble. They can be divided into quarrying, stone-cutting
and carving tools. The main quarrying and stone-cutting
tools were for hewing. They are generally classified into
direct percussion and indirect percussion tools. The direct
percussion tools, most important of which were the #ykoi
(sokoi, pikounia), the surfacers and various adzes, were
more effective but also more tiring to use. The indirect per-
cussion tools, such as punches, chisels, xoides and others,
were struck with different sized hammers, hence their im-
pact was lighter and more accurately directed.

Today marble working by artisans is largely carried out
with indirect percussion tools, while in ancient times large
surfaces were mainly dressed with direct percussion imple-
ments, and the indirect percussion ones were only used
where it was absolutely necessary, along the edges of the
blocks or more generally the borders of the different sur-
faces, where the blows needed to be lighter and more ac-
curately aimed. At all events, the ancient tools were from a
metallurgical and functional point of view much superior to
the modern ones and much more varied in size. Generally
they were harder and also less fragile than the modern ones
and thus sharper; as a consequence they were lighter, faster
in operation and were capable of delivering more blows per
minute.

The unsurpassed quality of the ancient stone-working
tools was principally due to their equally unsurpassed met-
allurgical quality. Unfortunately, apart from the names of
some of them, a few simplified representations of them and
some very corroded remnants, nothing of the tools them-
selves has survived. However, the marble products created
with them will remain as an eternal, incontestable testi-
mony to the worth of these tools.

There is a generally prevailing opinion that the shapes
of the ancient tools were rather similar to the modern ones
(cf. Fig. 10), but the existing evidence indicates that many
of them were, at least in size, if not always in shape, unique
types bearing no similarity to those of any other period,
including our own.

Fig. 10 The principal ancient and modern tools for quar-
rying and cutting marble (excluding those for sculpture).
Scale 1:10.

1 tykos, 2 large pick-hammer, 3 small pick-hammer, 4
spalling-hammer, 5-6 probable shapes of ancient extra small
pick-hammers for light, decorative surface dressing, 7-9
iron crowbars, 10-11 iron try squares, 12 rule, 13 measure,
14 large bareia (sledge hammer), 15 straight pein hammer,
16 mason’s hammer, 17 dub hammer, 18 hammer for marble

working, 19 small hammer for marble working, 20 pitcher,
21-22 points, 23-25 waster and toothed chisels, 26-28 boaster
and flat chisels, 29-30 flat-toothed chisels, 31 long chisel for
holes, 32-33 iron wedges (plugs and feathers), 34-36 sharp-
toothed surfacers, 35 and 36 also existed in a flat-toothed
form, and also as mason’s axes (not toothed, skeparna)
by analogy with the chisels 26-30, 37-38 compasses, 39
plumb-level, 40 line and red paint (ruddle) for marking,
41 iron crab-hooks, 42-43 various wooden rollers, 44 iron
roller, 45-46 small bronze rollers.
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Explanation of Plate 12.
The Spelia Quarry (=A1: see Figs. 11-17, 20, 21, 23-25, 38, 39).

Plate 12 is a reconstruction of a general view of the most
important of the ancient quarries (Al: see Figs. 1-6 and 11-
22). This quarry, known as Spelia Quarry, is the best exam-
ple of massive deep quarrying. It is at an altitude of ~700 m
above sea level and 1800 m in a straight line (almost 3 km
on foot) from the square of modern Palaia Penteli (altitude
~460 m) in a NNE direction (~20°).

As it appears today (Figs. 11-15) there is no ascent from
the interior of the quarry to the entrance, but from various
surface signs and indications it seems that the earliest bot-
tom surface was 10-20 m below the present surface, so that
in many places the quarry bottom must have been at a low-
er altitude than the entrance. The marble in that early stage
would have been hauled up to the level of the entrance by
powerful windlasses. The plan of the quarry would also
have been different. Originally it took the form of deep
parallel trenches. The present shape (Figs. 11-16) will have
been the result of subsequent rock quarrying between the
trenches, the predatory quarrying of rock from the walls of
the most northerly trench and the filling up of the deepest
parts of all the trenches and of the cave itself with stones
and debris. Fortunately a large part of the original shape of
the quarry has been preserved beneath the huge accumula-
tions of stone and debris. Nowadays the only visible work-
ing surfaces are those outside the cave on the left (Figs. 23-
24). These surfaces, ~35 m high, are merely a part of what
once was the north side of quarry Al. Before the quarry
was opened up the cave would have been inaccessible from
the surface. The central chamber, ~100 m in length, was
originally much deeper. At the bottom of a natural chasm,
starting from the lowest part of the large central chamber,
there is a small passage hewn in the rock with flat vertical
walls and a narrow roof, which leads to a small, natural, cir-
cular cistern-chamber of an underground spring (Fig. 15). It
is very probable that this place, apart from its practical use,
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also had a cultic function. Its shape and the cutting of the
passage suggest that it is Classical in date. Unfortunately,
due to the vandalistic operations carried out on a large scale
in the years 1977-83, various subterranean parts of it were
damaged or rendered inaccessible, at least for the present.
The realization that the material in the bottom of the
Spelia Quarry consists of ancient, regularly formed lay-
ers of debris twenty or more metres deep, automatically
entailed the necessity of reconstructing the phases of the
quarrying and exploitation of both this and the other nearby

Fig. 11 The Spelia Quarry (A1) and the large trench-shaped
quarry A2. The situation until 1976. Scale 1:1000.

quarries. A comparison of the stratigraphies that it is pos-
sible to observe at different points in the Spelia and other
quarries (see Figs. 22-25), shows that the quarrying oper-
ations proceeded in successive sections from the lower to
the higher parts of the slope. The debris produced in one
section was dumped into the empty space left in the pre-
vious section, and so on. Within the layers of debris inside
the cave were found unfinished architectural and sculptural
pieces from many different periods (Fig. 17), including the
statue of a seated goddess, fragments of a large Laconian

tile and unfinished covering tiles, fragments of a Roman
sarcophagus, a small altar with mouldings on three sides,
and other objects.

From the different finds and a comparative stratigraphi-
cal study of the quarries it appears that the Spelia Quarry,
as the oldest of them, was the source of marble for the
Parthenon and other Classical buildings in Athens. It con-
tinued to operate on a declining scale for some centuries
until it finally ceased.

The sequel to the quarry’s history is witnessed by the
Christian monuments in it: the little 11th c. churches stand-
ing at the entrance to the cave (Fig. 39), the 6th c. reliefs on
the rock in the little church of Hagios Spyridon, the remains
of a third church in the SE corner of the quarry (Fig. 12, no.
6), various hermitages, three water cisterns, and other fea-
tures. The actual cave was also an ideal place of refuge. A
stout wall, the south end of which still survives, occupied
the whole width of the cave mouth. Its appearance (Fig. 14,
no. 33) is known from 18th and 19th c. drawings (Fig. 39).

Until the end of the 16th c. the Spelia Quarry with its
small churches, hermitages and other features, was a place
where asceticism flourished. When Moni Pentelis was built
in 1578 by Timotheos, the Metropolitan of Euripos, the as-
cetics in the cave and others from different places on Pentel-
icon moved to the monastery and abandoned their retreats.
The hermitages at the quarry were also abandoned at this
time, although not entirely. They were often used as refuges
during pirate and other incursions, as well as in times of
plague.

From the mid -17th c. onwards it was one of the places
much visited by antiquarian travellers. This is known not
only through their travel journals, but from the many names
carved on the rock walls of the churches.

In the spring of 1836, by royal decree, quarrying began
again in the Spelia Quarry for marble for the palace. The
tools and materials were kept in a small building (Fig. 38)
with a porch facing south, the ruins of which can still be
seen (Figs. 12, no. 17). The quarrying there stopped, fortu-

nately, before serious harm was done to the central quarry,
but unhappily operations continued intensively in the other
ancient quarries north of quarry A2.

The fascination exercised by the place on the early trav-
ellers grew in the years that followed. Its natural and histor-
ical attractions made it one of the most popular excursion
places for older Athenians up until the 1960s. Among the
countless known and unknown visitors, D. Kambouroglou
was one of the regular ones. The name Spelia tou Davele,
by which the place has become known to modern genera-
tions, is a recent, rather arbitrary fiction.

The magnificent surroundings of the Spelia Quarry were
violated once again between 1976 and 1988 when excavat-
ing and blasting were carried out for military works, which
in the end were cancelled. This caused the foundations
to collapse and produced cracks in the walls of the little
church of Hagios Nikolaos, and its frescoes had to be re-
moved from the walls and taken to the Byzantine Museum.
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Note. The orientation of the Spelia Quarry and the other
quarries is approximately diagonal to the principal north-
south axis. The high quarried wall forms the NW side and
the entrance is on the SW side, and so on. But to make it
easier for the reader to follow, we have labelled the direc-
tions N instead of NW, E instead of SE, etc. The decision
to use the convention E rather than N to represent the NE
compass direction was not purely arbitrary. The true orien-
tation is not completely diagonal. The NW side is pointed
slightly more towards the north (~40°) than the west, and
the other sides correspondingly. Apart from this, howev-
er, the arbitrary compass direction chosen gives the front
of the little churches, which actually face SW, a westerly
rather than a southerly orientation, thus conforming to the
general rule for other churches.

Fig. 12 The Spelia Quarry (A1) and the large trench-like
quarry (A2).

Plan. Scale 1:800.

1 Stone paved slipway for the marble.

2, 2 Visible parts of the SE end of the quarry: surfaces
showing the parallel horizontal grooves made by the an-
cient tykos (pointed hammer). The points 2, 2 show the po-
sition of the entrance to the Spelia Quarry at the period of
its greatest expansion.

3 Visible part of the west side of the quarry: ancient surface
of the rock cutting along a natural joint. Some sections of
this surface can be recognized on adjacent detached masses
of rock.

4 Scree of ancient deposits of debris and stones.

4" The NW mound of deposits in the quarry.

The stratigraphy of the mound, visible in the modern sur-
faces of the cutting (55), consists of very regular layers of
fine debris alternating with layers of stones and layers of a
mixture of debris with an even finer earthy material. The
successive strata terminate against the north rock-cut sur-
face of the quarry and slope downwards to the S. All the

strata underlie the oldest ruins (15-18) of the upper parts of
the quarry walls, which thus proves that the mound of de-
bris and pile of stones are ancient. Its greatest thickness at
position 11 in 1982 was almost 20 m. Therefore at position
4' the thickness of the accumulation of debris and stones
must be considerably greater than 25 m.

5 Point where an older bend in the paved road to the N is
visible.

6 Ruin of an old building. It is identified as the little church
marked on the Hallerstein map (1817) in about the same
spot.

7 Ruin of an old building with traces of a tetrastyle porch
on the west side. The age of this structure is indicated by
L. Lange’s watercolour (Fig. 38), which also establishes its
identity. The building was new at that time (1836), plas-
tered, with a wooden door and tile roof. It evidently served
as a headquarters or toolshed.

8 The SW mound of debris inside the quarry.

The stratigraphy of the mound is visible from the south in
the scarp of the later quarry.

8' Ramp of the latest prolongation upwards of the slipway.
On the west side of the ramp was an old stone retaining
wall.

9 Traces of a paved, somewhat older, continuation of the
slipway onwards to the cave.

10 The latest form of the upward continuation of the s/ip-
way.

11 Recess in the north wall of the quarry. The lower part of
it was uncovered by chance down to a depth of ~20 m in
the course of the destructive government operations (1976-
1983), which were fortunately discontinued after action by
the competent state authorities. The north side of the recess
has a negative deviation from the vertical of ~30% and is
worked in the ancient manner (parallel grooves, etc.) for
the whole of its height. The east side coincides with a natu-
ral clastic rock surface.

12 Parts of the crumbling rock mass in situ between quar-
ries Al and A2.

13 Recess in the south wall of quarry A2.

14 Ancient chiselling and regular wedge sockets in the
south wall of the recess.

15-26 The fallen parts of the crumbling rock mass between
quarries A1 and A2. Pieces 15-23 had fallen long before the
19th century, and pieces 24-26 fell after the robbing of but-
tress 27. Piece 26 broke away and was shifted after 1940.
27 Position of a rock mass which, along with others, was
intentionally left unquarried because it was considered nec-
essary to act as a buttress for the overhanging north wall
of the quarry (cf. Fig. 13). This buttress can be seen in the
drawings by Fauvel and Stackelberg.

28 Recess in the north wall where there had once been a
small structure, probably a hermitage. Earlier visitors, no-
tably Prokesch von Osten, commented on it (see Appendix
1) and it appears in the drawings of Fauvel and Stackelberg.
29 Modern buttress of reinforced concrete, part of the can-
celled government project (1976-1983).

30-33 The intact part of the rock mass between quarries Al
and A2. Its upper surface preserves the height and slope
of the original natural surface. The south face forms part
of the north wall of the quarry Al, has an overhang and
is worked in the ancient manner. The height of point 32
above the present surface of the quarry is ~40 m. The whole
of the face is white marble, but at a slight depth the white
marble gives way to a rock mass with vertical schistose,
chloride and other strata, which also contains amounts of
marble, but small and fissured. The collapsed part of the
rock mass (12-26) has the same composition. The sloping
north side of the rock mass, which forms the south wall of
the large trench-like quarry (A2), is also marble, but only
to a slight depth below the surface. Based on what has been
said, it is clear that the rock mass between quarries Al and
A2 owes its preservation to the fact that the rock was unus-
able, chiefly because of its geological composition (cf. Fig.
13). The marked overhang of the north wall of the Spelia
Quarry is the result of taking away the material up to the
face of the boundary between the marble and the schistous
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rock, which has an outward inclination from the vertical.
For the same reason, the other side, which forms the south
wall of quarry A2, slopes in the opposite direction. Similar-
ly, and for the same reasons, the north wall of A2 also has
or had an overhang, just like the north wall of the Spelia
Quarry. The static stability of the southward overhanging
walls was assured by the “buttresses” (cf. Fig. 13); these,
unfortunately, standing almost totally free on all sides, fell
victims to later predatory exploitation.

34 Horizontal section of the wall on a level with today’s
surface.

35 The north wall of the quarry directly above the entrance
to the cave.

36 The east termination of the quarrying at different heights
above the cave mouth.

37-38 The east wall. It is irregular in shape and contains
only a very few worked surfaces because on the east, as on
the west, the natural joints in the rock were used as the nat-
ural boundaries of the successive steps in the enlargement
of the quarry.

39 The visible part of the south side, mostly destroyed by
operations in the years 1977-1983.

40 Projection of the outline of the cave.

41-44 Sections of the north wall of the trench-like quarry
(A2), worked in the ancient manner (parallel grooves, etc.).
The recess at 43 corresponds, as for its level and place to
the recess at 13 on the south side of the same quarry.

45 The south side of A2 consisting chiefly of sloping cut-
tings and separation surfaces of regular slabs of marble.
The greater part of it is ancient and unfortunately, due to its
orientation, eroded by lichens, which have given it a char-
acteristic grey hue.

Recent predatory quarrying has occurred only in certain
places, where apparently the ancient quarrymen had left
some sections untouched because the rock presented more
densely spaced natural joints and cracks.

46-47 Part of the bottom as it was until 1987. At point 46, the
upper part of a rock-cut wall worked in the ancient manner.
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48 Limits of the stone pile in the eastern part, showing the
visible stratigraphic division between the ancient (below)
and modern (above) deposits, of a thickness of ~4 m.

49 Stone base for a machine, probably a windlass, from the
first period of predatory reworking of the quarry (~1850-
1900).

50 Modern stone filling.

51 Extensive modern predatory quarrying from the upper
part of the ancient walls. The lower is hidden deeper below
the surface of the modern and ancient stone piles and stone
fill.

52 Recent rock-blasting (1977-1983).

53 Recent access road (1977-1983 works).

54 Recently infilled part (1987-1989 works). It was filled in
with a heap of stones of maximum height 20 m and a vol-
ume of ~15,000 cubic metres.

55 Recently excavated and shifted part of the ancient heap
of stone (1987-1989 operations).

Fig. 13 The relation of the shape of the quarry to the geo-
logical structure. Axonometric reconstruction of the Spelia
Quarry and the large trench-like quarry (before the col-
lapse, demolition and predatory quarrying of their walls).

The shapes of these quarries were the result of the al-
most total removal of the best marble (M), between and
outside of two parallel bands of commercially useless
material (Z). The continuation of the rock along the length
of its geological fabric (that is, the veins) is interrupted by
parallel natural joints (P), whose distances apart governed
the greatest length of the blocks that could be quarried.

It is interesting and no coincidence that the expansion of
quarries Al and A2 was towards the part where the joints
were fewer. The termination of the quarry at the east end,
where the cave appears, was due less to the presence of
the cave than to the sudden greater frequency of the natu-
ral joints at this point, with which in fact the existence of
the cave itself is directly connected. The same phenomenon
can be seen in the other quarries (Fig. 20).

A study of the varying distances between the natural rock
joints suggests that the blocks were for the most part cut in
batches according to their size from the parts of the quarry
where the distances between the natural joints equaled the
lengths required for the blocks, thus economizing on both
labour and marble. In this context it may be noted that the
design of an ancient temple assisted greatly in taking full
advantage of the varying sizes of the natural divisions of
the rock in a quarry. From the huge blocks for the Parthenon
architraves and lintels to the marble roof tiles, many sizes
of blocks were needed: square ones with 2 m sides and a
thickness of ~0.95 m for column drums, oblong blocks 2.10
x 1.40 m and 0.60 m thick for the crepidoma and 2.5 x 1.20
m and 0.60 m thick for orthostatai or architrave blocks,
square ones with sides of 1.30 m and oblong ones 1.30 x
0.60 m and 0.60 m thick for the walls, as well as many oth-
ers, larger and smaller, for other parts of the building.

The blocks for the Parthenon lintels must have been cut
at point 1, where the largest space between the joints oc-

curred (~8 m), the architrave blocks at the nearby points 2
and 3, and so on. A careful examination of the walls on the
north side suggests that before they were damaged in recent
years, they were everywhere ~40-50 m high (together with
the parts beneath the fill) and had a very pronounced south-
ward overhang. To prevent the overhanging parts from col-
lapsing, sections of the marble (A) were left unquarried to
act as buttresses. In the creation of these buttresses they
generally preferred the same sections of rock that, left un-
excavated in the lower parts, had served as partitions to
contain the debris (see Figs. 22-24).

In choosing the sections to serve as partitions and but-
tresses, static, functional and commercial criteria all appar-
ently contributed. Usually they selected places where the
rock, because of its composition or the frequency of joints,
was less useful. In this way the existence of the buttresses
and partition walls also avoided useless rockbreaking la-
bour. It is also reasonable to suppose that some of the but-
tresses may have served as boundaries for the administra-
tive division of the quarry.

The system of partition walls and buttresses is still plain-
ly visible in quarries A7 and A10, as it was in ancient times
in the Spelia Quarry. From the drawings by Fauvel and
Stackelberg it appears that the buttress A3 (no. 27 in Fig.
12) survived into the last century (this also made climbing
up to the nearby hermitage easier). Traces of the buttress-
es can still be recognized in other places, for instance the
lower part of buttress A2 beneath the fallen masses nos. 19
and 20 in Fig. 12. Larger sections of buttresses must still be
preserved in the earth fill (the level of which as it was at the
beginning of the last century is shown in the drawing by a
dotted line).




Fig. 14 The Spelia Quarry (A1) and the large trench-like
quarry (A2).
Horizontal section. Scale 1:800.
1-7 As in Fig. 12.
8 Recess in the south wall of quarry A2.
9 Ancient cuttings and wedge sockets on the north side of
the recess.
10-11 Recesses in the north wall of quarry Al.
Recess 11, after the fall of the overlying rock, assumed a
cave-like form and at some time was converted into a sort
of cave refuge by building small walls. In the roof of this
chamber, once part of the north wall, are a series of ancient
beam sockets similar to those at various other points on
the north wall and to those sketched by Fauvel in the most
westerly part of the wall, of which a longer section still
(1782) survived in his day.

In the west side there are also beam sockets, but smaller,
and a specially shaped cutting for attaching a rope.
12 Dividing wall between recesses 8 and 11, also useful as
a buttress for the overhanging north wall of quarry Al. It
may be noted that the two recesses, although belonging to
opposite sides of the rock mass, penetrate so deeply into its
thickness that the south side of 8 is further south than the
north side of 11. This, it is true, would not have created a
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serious static weakness in the rock mass, since only the bot-
tom of recess 11 was very deep, and underneath recess §,
at a higher level, the rock mass separating the two quarries
was solid over its whole thickness.

13-14 Recesses and projections on the north wall. A row of
wedge sockets at point 14.

15 West wall of the quarry.

16 Visible part of the south wall of the quarry.

17 Projection of the overhanging part of the north wall.

18 Projection of the upper part of the mouth of the cave.
19 Large stalactitic mass.

20 Recesses and small side passages.

21 Place where pieces of an unfinished marble sarcophagus
were found (see Fig. 17).

22-22 Surfaces with many old and some modern cuttings.
23 “Attic” behind stalactites. Destroyed during recent oper-
ations (1976-1983).

24 Well-like natural chasm. The upper part destroyed and
the rest filled during recent operations (1976-1983).

25 Natural passage with stalactites. Closed off by the recent
filling in of the entrance (see 24).

26 Hewn rectangular passage with roof-like ceiling.

27 Circular chamber—natural water cistern.

28 Chasm narrowing downwards.

29 Side chamber inside the cave with traces of ancient
quarrying.

30 Hagios Spyridon.

31 Hagios Nikolaos.

32 Cruciform chamber with a hemispherical dome. A grave
at the north side and another under the floor.

33 Remains of a sturdy medieval rampart in the cave. It
occupied the whole width of the cave mouth. At point 33’
there was a large blind arch on its inner side.

34 Remains of a water cistern outside the rampart.

35 Cisterns with barrel-vaulted roofs.

36 Remains of auxiliary buildings. Hermitages or lodgings.
37 Site of a cave-like hermitage. On the north wall is carved:
loavng, lovviov 14, 1836 below a neatly proportioned
incised cross.

38 Cave-like building beneath a fallen rock.

39 Wide, but low, cave-like refuge beneath the fallen rock.
40 Position of an ancient “buttress” for the quarry wall,
now destroyed, by which it was possible to reach the rock
hermitage.

41 Probable position of the filled-in part of the north wall
of the quarry.

42 Probable position of the filled in part of the west wall.
43 Probable position of the filled in part of the south wall.




Fig. 15 The Spelia Quarry (A1) and the large trench-like
quarry (A2). Cross section. Scale 1:800.

1 Modern quarry to the north.

2 Rock mass north of quarry A2.

3 Ancient north wall of quarry A2.

4 Original (natural) surface on the north side of A2.

5 Upper part of the north side of A2, destroyed by predatory
quarrying with explosives.

6 Surface worked in the ancient manner.

7 Ancient debris and stone pile.

8 Probable level of the bottom of A2.

9 As Fig. 12, 45.

10-12 The north, upper and south sides of the fallen rock
mass. The lengths and inclinations of the surfaces were cal-
culated from measurements of the dimensions of the fallen
pieces and the identification of their original positions.

13 North wall of Al.
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14 Layering of the ancient debris and stone strata on the
north side of Al.

15 Probable level of the bottom of Al.

16 Probable unexcavated bedrock between Al and A2.

17 Probable level of the bottom of A3.

18 Probable form of the south wall.

19 Original (natural) surface on the south side of Al.

20 Slide of the ancient stone pile.

21 Modern quarry to the north.

22 The stone-paved slipway for the marble. The section of

the road within the quarry runs into stone piles that are even
older than the road!

23 Fallen pieces of the rock mass between Al and A2.
Some of them weigh hundreds of tonnes.

24-28 New approach road (1987-9 works).

25-26 Rock clearance north of A1 (1987-9).

26-27 Partial infilling of A2 with new stone fill with a total

volume of ~15,000 cubic metres (1987-9).

28 Excavation and removal of the ancient debris (1987-9).
29 Trench-like transverse cutting.

30 Intact part of the rock mass between Al and A2.

31 North, worked, wall of A1.

32 The east termination of the quarrying at different heights
above the mouth of the cave.

33 The east wall (see Fig. 12, 37-38).

34 The visible part of the south side, for the most part de-
stroyed.

35 Modern stone fill.

36 As no. 5.

37 Recently blasted part of the south side of A2 (1976-1983
works).

38 Older continuation of the s/ipway higher up.

39 Mouth of the cave.

40 Hagios Spyridon and Hagios Nikolaos.

Fig. 16 The Spelia Quarry (A1)
Longitudinal section. Scale 1:800.

1 Modern quarry to the west.

2-4,4" as in Fig. 12.

5 Slide of the ancient debris scree due to undercutting by
the modern quarry. The layering is visible.

6 Stone and debris strata beneath the slipway.

7 As in Fig. 12 (restoration on paper of the 1836 building).
8 The crest of the slope before the start of the ancient quar-
rying.

9 Probable level of the ancient quarry bottom.

10 Ancientstone layers beneath litle church Hagios Nikolaos.
11-27 As in Fig. 12.

28-33 As in Fig. 12.

34 Recess in the wall at the height of the present-day ground
level.

35-36 As in Fig. 12.

37 Position where the longest marble blocks were cut.

38 The rampart in front of the cave as it was until the begin-
ning of the 19th c. Its great thickness makes it probable that
the upper part of the wall was a walkway with a crenellated
parapet, or that it was intended to build it in this form.

39 Hagios Nikolaos.

40 The cave.

41 The form of the bottom before 1977. This form, a slop-
ing, slightly conical surface, was simply due to piling up

the debris and stones from the quarry during the last stage
of'its operation (~2nd c.).

42 Successive ancient layers of debris.

43 The bottom after the 1981 digging operation.

44 Extension of the waggon road inside the cave to serve
the excavation works of 1981.

45-46 Slide of loose rock into the interior of the cave after
the excavation of its bottom, resulting in the creation of an
extensive gap (46) between the marble and the schist and
posing a severe threat to the stability of the cave roof.

47 Probable original surface of the cave bottom.

48 Probable original lateral surface before the accumula-
tion of the debris inside the cave.




1 Column drum for the Olympieion, weighing 10 tonnes,
found beside the slipway ~250 m from the Spelia Quarry.
It belongs to the Roman period of operations, during which
the drums were hoisted with iron lewises. In earlier stages
of the work they were raised by the lifting bosses.

2 Cylindrical stone with greatest diameter ~2.50 m, height
~1.90 m and weighing ~23 tonnes, found beside the slipway
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the fragments). It had been broken up with wedges. Heat
damage indicates an earlier forest fire.

3 Seated figure of Archaic type (probably a goddess) in nat-
ural size.

4 Sarcophagus, inside the cave (restored on paper from
fragments).

5 Covering tiles of Corinthian type.

likely, Classical period.

7 Pan-tile of Corinthian type

8 Base or small altar of the Hellenistic period. The mould-
ings and bottom surface completely finished. The fourth
side has no moulding.

The objects nos. 3, 4, 6 and 7 came from the recent exca-
vation (1977) and removal of the remains of the ancient

quarrying inside the cave.
Fig. 18 Rest of the half-worked marble objects. Scale 1:3.

1 The unfinished colossus of Mt Pentelicon. In the highest
up of the ancient quarries (~1020 m); it survived until at
least 1968 (J. Wiseman, 4J4 72, 1968, 75-76; R. Carpenter,
ibid, 279-280).

2 Lion waiting to pounce, of Archaic type, from the marble
quarry at Dionysos in Attica (length ~1.20 m). Since 1987

in the Piracus Museum (Inv. no. 5760).

3 Architectural member of unknown purpose. It was con-
fiscated by the police in 1992 at a marble factory in Vrilissia,
where the lefthand side had already been sawn off. It came
from the clandestine operation of an ancient quarry, which
from various technical indications seems to have been the
quarry A7, Classical in period, and one of the many ancient
quarries where, unfortunately, illicit quarrying and other

1 Underlying impermeable stratum.

2 Clastic surfaces, for the most part of tectonic origin.
These surfaces allow the percolation of rainwater.

3 Chemical dissolution of the lower part of the calcareous
rock, more pronounced at the clastic surfaces and more sol-
uble intercalations.

4 Chemical dissolution along the clastic surfaces and easily
soluble intercalations, at different depths from the external
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surface, and continuous formation of stalactites.

5 Formation of large cavities by the progressive amalgama-
tion up of other smaller ones.

6 Detachment and collapse of pieces from the walls and
roofs of the cavities. Displacement upwards of the large
hollow comprising the cavities, due to the continuous fall
and accumulation of pieces in the lower part of the cavity.
The continually changing roof tends each time to assume a
dome-like shape, as close as possible to the line of equilib-
rium of the mechanical stresses. The different departures of
this shape from the ideal geometrical dome form depend on
the irregularities of the other factors.

7 Formation, in the manner described above, of spacious
chambers. Unbroken development of the phenomena 2-6
on the roofs and sides of the chambers, and of the phe-
nomena 2-5 in the earlier fallen masses under the floors and
in the labyrinthine cavities (chemical dissolution, trans-
portation, recrystallization, etc.).
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8 Tensile opening of the joints along the clastic surfaces.

9 Tensile genesis of new multiple clastic surfaces, parallel
to the roof and walls of a large chamber, which promote a
continually accelerating fall of fragments, a commensurate
increase in the size of the hollow space and a correspond-
ing increase of the stressed condition of the walls and roof.
The continuous reduction of the overlying mass reduces the
load on the roof, but also reduces its resistance even more.
10 Final exhaustion of every limit of resistance and all equi-
librium. A mass collapse of the overlying fragments ensues
and a large open-air sinkhole (karstic doline) results. Its
depth is generally less than the height of the chamber be-
fore the collapse, because the chaotic fallen and piled up
fragments leave large cavities between them and therefore
occupy a larger space than the original mass before its col-
lapse.

11 Progressive filling up of the bottom of the depression
and the growth of vegetation. Unbroken continuity of the

phenomena 2-5 on the walls and beneath the bottom.

12 Progressive collapse of fragments of the walls of the
doline, formation of smoother scarps, fresh infilling, and
SO on.

In analysing the evolutionary development of the large
chamber, it is useful to bear in mind the almost total ab-
sence of stalactites in the interior (they are chiefly on the
right side), in spite of the dense manifestation of clastic
surfaces all over the roof and the continual water dripping
through them. The roof surfaces are almost everywhere
relatively fresh, and only in certain places is this due to
ancient quarrying, indicated by a few traces of chiselling.
Before the digging operations inside the large chamber
(1977), the floor, although it consisted of accumulated an-
cient debris, had a continuous stony surface built up over
the last 18 or 17 centuries from layers of stalactitic material
that had combined with the upper layer of debris to form a
kind of natural concrete.

On this surface there were also some broad, flat frag-
ments that had evidently fallen from the roof after the de-
bris had been deposited, most of them from the most dis-
tant part of the chamber, in the place where in recent times
(mainly because of the disturbance by digging operations
in 1976, etc.), a fall of very large masses (over 100 tonnes)
was observed.

Also of particular interest is the shape of the narrow
cleft that descends at the north side of the large chamber in
the cave (Fig. 12, 20), which unfortunately can no longer
be seen or visited. The material that was shifted during the
digging operations (1976, etc.) must have closed off at least
its upper part. Before 1976 the cleft was visible as a hori-
zontal fissure at the point where the north wall met the slop-
ing stalactitic floor, which continued on at a steeper incli-
nation into the cleft, forming its lower side. The cleft could
only be entered by wriggling, and anyone exploring it had
to decide before entering whether to lie on his back or his

front, because the roof, which was parallel to the floor of the
cleft, was so low that it was impossible to turn over once he
was inside. He also had to consider his reserves of strength,
bearing in mind that to return he had to work his way back
from the depths of the cleft up a very steep incline and with
very little room to move his limbs. For this reason explora-
tion of the cleft was somewhat limited, chiefly because the
distance between the two sides diminished progressively
as it descended. At a depth of 20 m they were so close in
places that even breathing became difficult, and there was
also the added psychological stress caused by the hundreds
of thousands of tonnes of overlying rock. On the other hand
the length of the cleft, together with its curvature and the
winding irregularities of the sides, made it impossible to
see its actual end. At most, even by directing the beam of
his torch at different angles and from different positions,
the explorer realised that at any distance over ten metres the
curvature of the cleft made it impossible to see how it con-

tinued. It is evident from this description of the cleft that it
is a gap formed by the separation of a lower from an upper
mass. At present it is not possible to examine whether the
lower mass is also formed of rock or of naturally cemented
debris, like the rest of the floor of the large chamber, or
of both. In any event, whatever the nature of the material
of the floor of the cleft, it is probable that its separation
and progressive movement away from the solid upper side
started after the last dumping of debris towards the end of
the Roman period. Assuming that the downward and south-
ward movement of the lower side of the fissure has been
constant, then its average rate would have been ~2 cm per
century. The causes of this phenomenon must be looked for
chiefly in the local deformations caused by the uneven set-
tling of the fallen slabs on the underlying aquiferous strata
and the continual loss of the material of the rock mass in
the form of solutions.

Recently, intrepid nature lovers discovered a new way
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into the cleft, which enabled them to reach t
well.




QUARRIES

The marble quarries for the ancient monuments were main-
ly on the southwest side of Pentelicon, along a ridge run-
ning SW-NE, which started almost at the base of the cen-
tral mountain mass and met the line of the summit on the
SE side of the summit. On the crest of this ridge, running
nearly its whole length as far as the col at the top, the two
parallel veins of the fine marble were always visible (see p.
66 and Fig. 13). These veins, “central veins”, have a width
of approx. 10-25 m, the northern one, and approx. 60-75 m
the southern one, and they are separated by a vein of useless
rock, 5-10 m thick, containing a large amount of crystal-
loschistose intercalations. Other crystalloschistose veins,
but much thinner, separate the two central veins from other
veins of good and abundant, but not best quality, marble on
either side. The ancient quarries for the most part devel-
oped along the two central veins and became famous for the
quality and quantity of the marble they yielded. The zone
of ancient quarries also possessed the necessary cult places
for the quarrymen, usually dedicated to the Nymphs and,
without doubt, Pan. Earlier scholars presumed that the stat-
ue of Athena mentioned by Pausanias (I, 32, 1-2) stood on a
small platform near the summit. Unfortunately recent quar-
rying operations began right at the ancient quarries and have
subsequently continued along virtually the whole length of
the ridge, resulting in extensive destruction. Nevertheless,
the ancient quarries were so large and deep that even today,
when the greater part of them has been destroyed by mod-
ern vandalistic quarrying, what has remained, chiefly tool-
worked surfaces on some of the walls of the new quarries,
is immensely impressive and grand. Thanks to the ancient
surviving surfaces that are still visible, it is possible to dis-
cover something about the original shape of most of them,
and their general layout. These discoveries make it clear
that the ancient Pentelic quarries, which continued in use
for centuries, were developed and exploited in accordance
with a very well-considered plan.
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The quarries that are still visible along the line of the ridge,
from Spelia Quarry (A1) upwards, are eleven in number: four
along the north vein (A2, A5, A8, A9) and seven along the
south one (Al, A3, A4, A6, A7, A10, A12). Before the Spelia
Quarry there were various other, relatively smaller quarries,
of which only one can be recognized (A14), and another six
(A15, A20) are shown on the Hallerstein map (1817).

Further away from the line of the ridge there were also
other, smaller quarries, of which at least two can still be
recognized (All, A13). And some eight or nine more an-

Fig. 22 The quarry A10. Trimetric section. Scale 1:2000.

cient quarries are marked by Kaupert in the area of the
modern ones A24-\44.

The quarries on the south vein all had their entrance in
the SW corner, where the outside ground level was lowest
and gave the most direct access to the slipway.

The slipway was parallel to the line of quarries and ran
along their south sides, directly on top of the crystalloschis-
tose vein, which formed their natural boundary.

The largest quarry (A10) was opened in the south vein for
a length of ~200 m, between the altitudes of 880 and 930 m.

Its average width was ~70 m. The worked north side is vis-
ible for 155 m and the south for ~60 m. In the eastern part
some sections of the original bottom have survived and are
visible. Its greatest visible depth, in the NE corner, exceeds
30 m. The western half of the quarry is filled up with a very
thick, well-strewn accumulation of debris, so that its real
depth is uncertain, as also is its western termination (Fig. 22).

The Spelia Quarry (Al) is second in extent. It is ~140
m long with an average width of ~80 m, but is deeper and
can perhaps therefore claim first place in overall size. Its
visible depth in the NE corner is ~37 m, but the real one,
including the thickness of the fill, is much greater. The real
depth, at the middle of the north side is reckoned to exceed
~40 m. The greater part of the west side is buried under a
large mound of ancient debris (Figs. 11-16).

The third quarry in size lies between the altitudes of 805
and 850 m. It was ~120 m long with a greatest width of ~70
m and greatest depth of ~30 m. It must also be regarded as
an important quarry for another reason: in the right-hand
side of the now destroyed entrance passage is the Cave of
the Nymphs', a cult place famous for the two votive reliefs
(Nat. Mus. nos. 4465 and 4466) that were found inside it
when it became accessible in 1952 in the course of quarry-
ing operations. The cave must have first become accessible
during the operation of the quarry A7, when the entrance
passage was deepened, thus creating a side entrance into
the cave. The archaeological finds date the use of the cave
to between the 4th c. BC and 2nd c. AD.

A similar instance is the large cave that became accessi-
ble during the course of quarrying in Al. The belief that it
was a cult? cave is plausible, although it is not generally ac-
cepted because of the lack® of relevant material evidence.

1 IL Zopidng, H Zmnd tdv Nopedv tig Ievtéhng, AE 1977, Xpov.,
4-11. J. M. Wickens, The Archaeology and History of Cave Use in Attika,
Indiana Univ., Univ. Microfilms, Ann Arbor, MI 1986, 194-202.

2 A. Ophavdog, Evpetijpiov tdv Mesaumvik@v Mvnueiov tijc EAlddog T,
1933, 196. K. M. T'avvovridov, Totopikd omnhoie tiig Apyondtnrog,
ITAazwv 1970, 195.

Quarries A4 and All are also large and imposing. They
might indeed have claimed a first place had they not been
in the vicinity of the huge A1, A7 and A10. Of the quarries
exploiting the north vein significant traces have survived of
only one, A2, which we have called the large trench-shaped
quarry. These traces extend over a length of ~140 m, and
before the recent infilling of the lower part it was visible to
a depth of 40 m. Its original length may have been 200 m,
and the average width was over 20 m.

Only a few traces have survived of the other trench-like
quarries along the north vein, A3, A8 and A9, and they are
not sufficient to estimate the original lengths and depths.
Recent quarrying operations have used up all the geologi-
cal width possible and attained an average depth of ~40 m.
The rest of the quarries were either much smaller, perhaps
because of their smaller geological potential, but also per-
haps because they were only used for certain building pro-
jects, and when these were completed the quarries ceased
to be used.

A common feature of the large quarries in the south vein
is that from the north walls, which are the highest, unexca-
vated sections of less useful rock project at intervals of
10-20 m, and these served as buttresses to shore the very
high and usually overhanging walls (see Fig. 13). Another
common feature of these quarries is the presence of ancient
accumulated layers of debris, which fill nearly the whole
area and are thickest on the west side, where in the form
of mounds they protrude many tens of metres outside the
quarry and rise some five to ten metres above the original
ground level.

In A1 the thickness of the ancient fill is estimated to be
over 20 m. The debris from the huge A10 forms a pile that
starts from about the middle of this quarry and blankets
everything as far as A7, over a distance of ~200-250 m. The
greatest thickness of the accumulation must have been at
least 30 m, in view of the fact that its summit, too, is some

3 Wickens, op. cit., 197.

~15 m higher than the original natural ground level. Con-
sequently not only is the position of the western end of A10
undiscoverable, but so is the probable existence of another,
conjectural, quarry (A10’) between it and A7. In the latter
case, a part, the lower and more westerly one, of the huge
piles of debris must have come from the conjectural A10".

Equally A7, before the unholy resumption of quarrying,
which unhappily is still continuing today, quite illegally,
used to be filled with ancient debris over its entire extent
and to a considerable height. The thickness of this filling
was more than 10 m even in the eastern part. Obviously
much of the debris filling, the upper part, could not, be-
cause of its position, have come from the same quarry. It
could well have come from A10 or the conjectural A10°, in
which case A10, situated higher up, would have been lat-
er than the lower A7. For similar reasons A3 and A4 must
have been earlier than the quarries lying directly above
them. They too contain debris, of which at least a part, the
upper, can only have come from quarries higher up.

Similar comments apply to the Spelia Quarry. The low-
er strata of debris must have come from the quarry itself,
while the upper ones, covering its whole extent and part of
the cave, probably came from other quarries higher up. If
the whole of the debris from this quarry had to be thrown
out, somewhere lower down, then heaps of debris and
stones would have formed outside the quarry much larger
than the existing ones and much more extensive, due to the
steepness of the terrain. And, as has been said, there is no
large quarry lower down than the Spelia Quarry where it
would have been possible to dump the debris.

These conclusions concerning the source of the accumu-
lations of debris inside and outside the quarries are also
revealing about the way in which the quarrying advanced.
They may be summarized as follows (Figs. 23, 1 and 23, 2;
and see p. 83, Figs. 13-16 and 22):

1. In every quarry the quarrying progressed by sections or
compartments, which were separated by unquarried walls
of unusable marble.
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Fig. 23,1 First phases in the development of quarry Al.

2. The quarrying advanced more along the north side and in
the area of the entrance. The discovery of the different rock
types indicated which zones were to remain as unexcavated
transverse dividing walls.

3. The quarrying advanced more deeply in the compart-
ments nearest to the entrance. The debris produced by the
quarrying and extraction was piled up outside the entrance
to the quarry or inside a nearby quarry lower down, if there
was one and it was available.

4. When the quarrying in the compartments nearest to the
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entrance reached the greatest desired depth, they were
filled up with the debris produced by the work proceeding
in the neighbouring compartments. The transverse divid-
ing walls allowed the debris to be piled up to a considera-
ble height, while on their free sides the excavation contin-
ued at levels much lower than those of the piled up debris.
At the beginning the piling up of the lowest strata of de-
bris proceeded easily, since it was dumped from the higher
level of the half-excavated compartments into the deeper
fully excavated ones. As the work advanced, however, the

level in the compartments being excavated became stead-
ily lower and that of the accumulating debris continually
higher, so that it became necessary to haul the debris up in
baskets with pulleys and other mechanical means or carry
it up on pack animals, using temporary ramps built from
the fill itself.

5. The successive stages of laying out, quarrying and
subsequent filling in of the different compartments had to
proceed from the entrance towards the further end. The
debris from the last compartments did not necessarily have

Fig. 23,2 Final phases in the development of quarry Al.

to be heaped up to a particular height in the preceding
compartments, as in the beginning. It was easier to level
it over a larger area, and spread it less thickly over all the
compartments in the lower southwestern area, which had
already been filled up to the tops of their walls.

6. The progressive advance of the quarry necessitated the
continual extension of the road inside it. As the length of
the quarry steadily increased and the main face became
higher, the debris produced was much greater than at first.
Disposing of it caused a general rise in the level of the

quarry floor and the road inside the quarry had to be re-
peatedly rebuilt at a higher level.

7. When it was no longer possible to raise the road any
further the waste was dumped at the sides in order to keep
the road free. The result of this continual dumping was
the formation of two elongated mounds of debris on either
side of the road extending outside the cave, as in the case
of the Spelia Quarry, for example, and outside the huge
quarry A10 (see Figs. 22, 24, 25).

Fig. 24 Original and final form of quarry Al

The continuous build-up of piles of debris from A10
(or the conjectural A107) in and around A7 put an end to
the use of the Cave of the Nymphs in the 2nd c. AD. From
this it is clear that A7 had already ceased to operate when
A10 attained its maximum size. The greatest expansion of
A10 must have occurred during the 2nd century AD and
not before, for the reason that A10 was the last and highest

up in the row of large quarries and therefore the only one
that could have supplied the marble for the great building
programmes at Athens, including the completion of the
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Olympieion and the reconstruction of the Stadium, during
the sixth decade of the 2nd c. (Fig. 25, nos. 5, 7).

It is probable that A7 began to operate in the 5th c. BC,
but it must first have been exploited in a big way in the
4th c. The Cave of the Nymphs, which became accessible
through the entrance to quarry A7, was first used in the
4th c.

From all this it is fairly certain that quarrying activities
along the central veins must have started on the lower part
of the slope and proceeded upwards. This system made it
possible to continuously follow and fully exploit the de-
sired rock, and at the same time to organize the removal of
the debris in the most efficient way and with the maximum
economy of labour. The unique advantages of this system
were happily compounded with ecological, aesthetic and
important geological benefits; any other arrangement of
the excavated divisions would have caused greater static
weakening of the sloping terrain and an acceleration of the
solvent action of the surface and subterranean water.

If we make the reasonable assumption that quarrying
operations advanced progressively in an upward direction,
then the Spelia Quarry, with its entrance at an altitude of
~680 m, would have been the chief supplier of marble for
the Parthenon and other 5th c. structures. The quarries im-
mediately higher up (A3, A4, A7), with entrances at 740
m, 760 m and 800 m respectively, must have been the mar-
ble sources for the buildings of the next two centuries, in-
cluding the large two-storeyed stoas and the oldest parts of
the Olympieion. Lastly, the next quarries higher up, par-
ticularly the huge A10, with its entrance at ~870 m, should
be associated with the Hadrianic parts of the Olympieion,
the Stadium, the Odeion of Herodes Atticus, etc. The other
much smaller quarries lying at different altitudes below
and above the Spelia Quarry, some of them at a distance
from the line of the ridge, must have been the sources for
other smaller buildings and/or parts of the large ones men-
tioned above (the chronological order in which the smaller
quarries were worked is not clear).
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It should be said here that the chronological order sug-
gested for the large quarries refers to the principal phases
of their operations and not necessarily their beginning or
end. It is evident that even after the accumulation of debris
20 m deep, they could have still continued to quarry any
parts of the walls that remained exposed, like the east and
south sides of the Spelia Quarry.

An important aspect of the study of ancient quarries
concerns the different fills of earth and stones, and partic-
ularly their composition, form and quantity. The question
is by its nature a difficult one. It is obvious that the better
preserved a pile of debris is, the more difficult it is to study.
However, due to modern quarrying the ancient accumula-
tions of rejected material have been cut into in many plac-
es, revealing their internal structure. The largest sections
have been cut into the agglomeration that only a few dec-
ades ago almost completely filled quarry A7. In one place
it has been exposed to a depth of nearly 20 m without the
bottom of the quarry appearing. The material comprise a
lower part with a maximum visible height of 14 m, and an
upper one. The lower part came directly from the quarry-
ing of A7 itself and consists of regular successive strata of
gravel, with an average size of 3-5 cm. Nevertheless the
strata do not all have exactly the same composition; some
also contain a quantity of large fragments, and certain sec-
tions of ancient accumulations in quarries A1 and A10 and
a pile south of A7 (Fig. 25) are particularly revealing.

At this last place the pile was found to consist of succes-
sive bands of strata corresponding to repeated raising of
the surface, which is smooth and horizontal. At one point
a large half-worked stone projects, incorporated in one
of the strata in the pile, where it was abandoned because
of an internal flaw. It is parallelepipedal with a thickness
of ~80 cm. Its other dimensions have not been measured.
The block had not been deposited there by chance: it lies
in a horizontal position and its lower side rests on one of
the many consecutive surface levels of the pile. It seems,
then, that this surface, like many other similar ones, served

as a kind of work site where preliminary preparation of the
stones was carried out before hauling them out of the quarry.

The observation that the quantity of small pieces was
much greater than that of the larger fragments suggests
that the utilization of the stones in the quarry was virtually
total. From the large, naturally formed slab of marble they
had to produce not only the particular shape for which it
had been primarily chosen, but also as many other usable
objects from the leftover fragments as possible, such as
marble tiles, etc. This resulted in a big reduction in the
quantity of large fragments and a considerable increase
in the quantity of debris chips. An important factor in
the quantity of debris produced was the way the size and
shape of the stone products of a quarry were matched with
the kind and spacing of the natural jointing of the rock.
Generally the preparation of smaller stone shapes pro-
duced much larger quantities of debris compared with that
of massive shapes. This was also true of slab-like shapes,
such as tiles, etc., if the rock did not split naturally into
slabs. Pentelic marble is not schistose, but it was never-
theless used for making the tiles for most of the religious
buildings. The tiles of the Parthenon, some ~9000 pieces,
had a total surface area of ~8000 sq. m. For all the stages
in the manual production of a simple tile by a good mason
at least five days of intensive work were needed, in the

Fig. 25 Pentelicon - Athens - Eleusis. Scale 1:4000.

The quarries A1-A10 in the central zone and their connec-
tion with the major building programmes.
- 5thc. BC: 1 Parthenon, 2 Propylaia,
3 Temple of Hephaestus.
- 4th ¢. BC: 4 Telesterion of Eleusis.
-2nd c. BC: 5 Olympieion, 6 Stoa of Attalus.
-2nd c. AD: 5 Olympieion, 7 Stadium.
NY Cave of the Nymphs (4th c. BC - 2nd c. AD).
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course of which thousands of small chips of debris were
produced and some kilograms of marble dust. The ratio of
the volume of debris to the usable product for a handmade
Pentelic tile was on average about 5:1. The ratio was also
very high in the case of marble intended for sculpture in
the round. For large blocks of regular shape the ratio was
more economical. If it was necessary to cut grooves all
round in order to free a stone from the parent rock, the
quantity of debris produced was not much less than the
volume of the stone itself. A large amount of debris was
also produced during the dressing of the surfaces after the
block was separated from the rock. As the stages in dress-
ing the surface progressed the size of the chips became
smaller. The size of the debris chips is a sure criterion that
makes it possible to correlate the strata and levelling of
the debris with the different tasks carried out in the quarry.

A precise calculation of the quantity of debris produced
for every shape of stone object would require very special-
ized information, but careful observation of the quarries
themselves and the accumulations of ancient debris sug-
gests that the ratio of the volume of debris to that of the
excavated part of the quarry varies between 3:4 and 1:1.
The smallest, or most economical, figure is estimated for
the Spelia Quarry, and the largest in the area of A7-A10.
From these observations it emerges that the proportion of
the usable product to the volume of the excavated part was
~1/4-1/3. For the sake of comparison it may be said that
from the quarries A1, A7 and A10 ~400000, 250000 and
400000 tonnes of marble respectively have been extracted,
of which only 1/4 was useful. It may also be said that the
marble part of the Parthenon in its finished state was about
20000 tonnes (with the same again for the poros founda-
tions), of the facade of the Telesterion of Eleusis ~4000
tonnes, of the Olympieion ~50000 tonnes, of the facade of
the Stoa of Attalus and its internal columns ~1200 tonnes
(there were two other similar stoas in Athens except for
that of Eumenes), and of the Stadium ~17000 tonnes, etc.
(see Fig. 25 nos. 1-7).
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ROADS

The lower terminus of the steep slipway for the loaded
sledges, which still survives (PL 13, Figs. 1-4 and 20,
21 and 25) was at an altitude of ~490 m. The section as
far as the Spelia Quarry, at ~700 m, was ~800 m long
and almost in a straight line, with a constant gradient of
~25%+1% in the upper part and ~30% in the lower. It con-
tinued on to the top (1108 m), which was ~3 km by road
from the loading point for the waggons having only one
bend near the crest line at a point ~400 m horizontally
SE from the summit (to the left of the summit looking
from Athens). The surviving section of it (Figs. 20, 21, 25,
KAT1) runs between the altitudes of 500 and 700 m for a
distance of ~850 m, but within this stretch there are clear
signs of recent destruction in different places caused by
the illicit exploitation of the large quarries to the north of
it. In other places the surviving section has suffered se-
rious damage from road construction, chiefly during the
19th c., but also before the Last War, in order to connect it
with new roads to the modern road system of the quarries.
Three such modern linking roads interrupt the continuity
of the surviving part of the ancient road. The condition
of the road during the last century is documented by H.
von Hallerstein’s map (September 1817, scale 1:2400) and
sheet 12 of Kaupert’s Map of Attica, 1882, 1:25000). The
line of the road to the saddle and peak was originally near-
ly straight and ran parallel to the south side of the Spelia
Quarry (A1), which it skirted closely. At an altitude of
some 680 m another road, also paved, branched off to the
north, which served the Spelia Quarry. This branch still
survives in good condition, except for the main line south
of the quarry, which led to the summit. This has been de-
stroyed by a very large modern quarry A12 and various
other operations, including those carried out by the state
(1977-1988, with interruptions). The western part of the
road still survives for a length of 750 m (Fig. 26), but this
too is damaged in many places. Its north side, between the

altitudes of ~540 and ~555 m and for a distance of almost
50 m, has been undercut by a deep modern quarry (A3) and
is in danger of collapsing.

The slipway is for the most part laid directly on the nat-
ural ground surface, after levelling the bumps and filling in
the depressions with stones. The section of it entering the
large quarry (Figs. 14, 15 and 23) runs over a great thick-
ness of older accumulations of debris. This part is also ev-
idently ancient, not only because it was already there in
1817 (Hallerstein), but because it is associated with the
mound of ancient debris on the west (see Figs. 23 and 24).
Hallerstein’s map also shows something more important:
south of the road and parallel with it, at a distance of ~40
m, the remains of another ancient road are marked. This
road, remnants of which still survive and have been identi-
fied thanks to Hallerstein, we shall call slipway 2 (Fig. 20,
KA2), to distinguish it from the main s/ipway 1. According
to Hallerstein’s map, road 2 does not appear to have been
an independent road, but more probably a branch of road
1, starting at an altitude of 610 m and leading, like road 1,
directly to the bottom of the slope. Hallerstein clearly drew
the already destroyed upper part of road 2, which he joined
up obliquely with road 1. The lower part, which must have
ended in a loading point for the waggons, was not drawn
by Hallerstein, nor was that of road 1. Most probably the
lower sections of both roads had already disappeared as
the result of erosion or alluvial fill at the bottom of the
slope, which extended upwards to an altitude of 500 m.
Today still more of the lower sections of the two roads has
vanished. The better preserved road 1 (KA1) is abruptly
cut at ~516 m by a modern road crossing it obliquely (Figs.
20 and 26, no. 7). The level of this modern road, which
with various changes has existed since the last century (it
is marked on the 1882 map) is ~1 m lower than that of the
ancient one. The difference of levels apparently aided in
the unloading of the sledges onto the carts.

With the appearance of the first motor trucks this ancient
system of loading was abandoned, as was the use of the

ancient slipway. The modern road that cut it, however, re-
mained in use as a link road for the modern haulageways to
the north and south, which run nearly parallel to the ancient
ones and connect virtually all the quarries on the slope.

Of the modern roads, the one running ~40 m south of
the ancient road 2, with a total length of ~300 m, is remark-
able; it starts from the modern road at ~516 m and meets
the ancient road 2 at an altitude of ~565 m after making a
very sharp bend at ~560 m (no. 8 in Figs. 20 and 21). This is
one of the oldest roads and is connected with the first reuse
of the ancient road 2, of its upper part in fact, which with
a gradient of ~15% is the most level. The lower part, with
a gradient of nearly ~40%, could not be brought back into
use. The cutting of this road into the softrock is very similar
to that of the ancient road 2. The first reuse of road 2 is also
connected with its continuation beyond the altitude of 590
m up to the average altitude zone of the quarry region south
of the Spelia Quarry. The steady improvement in motor
transport is also associated with the incorporation of the
section of road 2 between 570-600 m into the modern one,
which climbs up with two bends from the south and meets
the main ancient road (road 1) at a height of ~610 m and
a distance of ~350 m from Spelia Quarry (Fig. 20, no. 9).
Fortunately this heavy reuse was not sufficient to obliterate
the traces of the ancient use of the road, which can be easily
distinguished in many places. Parallel ruts cut by the con-
tinuous passage of sledges or braking carts (to brake them
they chained the wheels, often protecting them with special
iron runners). Traces of the older use of r7oad 2 are also pre-
served before and after the section of it incorporated into
the new road. In connection with the new road, it should be
mentioned that it does not simply end at road 1, but con-
tinues along it for ~160 m to an altitude of 640 m, where
it bends slightly southwards and continues for another 100
m to a point where it ends abruptly and dangerously at the
edge of the modern quarry A12, south of the Spelia Quarry.
Originally, before it was cut by the continual enlargement
of quarry A12, this modern road went on further (~200 m)

and served other smaller quarries lined up in the upper zone
of the quarry area south of Spelia Quarry. These quarries,
one of which at least was ancient, now constitute only a
part and an initial phase of the large quarry south of Spelia
Quarry. The few surviving sections of their surfaces, con-
tinuing onto other modern quarry surfaces, are difficult to
make out.

Some metres before the entrance to the Spelia Quarry
the ancient road (road 1) is again cut by another modern
road, which up till a few years ago still served the modern
quarries on the west and east of Spelia Quarry (Fig. 20, no.
10). This road, for a length of ~100 m, is identical with the
section of the ancient road within the ancient quarry and
has not caused any visible alterations (except for the breaks
at the beginning and end); among other things the ancient
stone paving is well preserved, intensely white in colour
due to constant use up until the first post-war decades, with
the daily passage of numerous heavily loaded trucks.

The reuse of the ancient central /ithagogia road and the
ancient road 2 in modern times can be summarized as fol-
lows:

- From 1836, the year when the ancient quarries started to
operate again, until the beginning of this century, almost
general use of the two roads.

- From the appearance of the first motor trucks until the
1960s, use of sections of both roads, 150, 100, 150 and 100
m in length (the two last overlap for 80 m), incorporated in
the modern, very complex, dense and continually changing
road system of the modern quarries, resulting in the wid-
ening of the first section, the extensive destruction of the
stone paving of the second and the break in the continuity
of road 1 at four intermediary points, and of road 2 at two
points. As a result of these disastrous alterations it is very
difficult for the modern visitor, even the specialist, to rec-
ognize the original morphology.

The modern roads of the central and largest quarry zone
on Pentelicon, where the large quarries are, constitute a real
labyrinth ~2 sq. km in area. Most of them, small and with

no exit at the top, end up in different quarries, while others
end on the crests of huge mounds of useless debris from the
quarries. Some roads are completely isolated from the gen-
eral network and rendered useless by more recent digging
and other operations. Most of them, however, converge fur-
ther down and terminate progressively in only two central
branches (Fig. 20, nos. 5 and 6), which from a topographi-
cal, operational and historical point of view are the distant
respective offshoots of the two ancient roads. These two
branches converge on a central road (Fig. 20, no. 1) at an
altitude of ~455 m, which was the ancient lithagogia way.
Its modern history began in 1836 with the search for the
ancient road by the first civil engineers of the newly formed
Greek state, and their discovery, confirmed by L. Ross, that
the ancient road still survived at many points, well-pre-
served in some places and with only traces in others. This
discovery made it possible to reconstruct the road on its
ancient course, and so right up until today the oldest and the
newest roads for transporting the marble down all converge
on a single marble route, which follows the ancient way
along the modern Perikleous st. in Nea Pentele. Heavy use
of the road ceased in 1977 after quarrying was banned on
the side of the mountain visible from Athens.

The roads to the quarries constructed or reconstructed
after the Last War, intended for heavy motor trucks, are en-
tirely different from both the ancient road and those of the
last century, which were used by waggons drawn by large
teams of draught animals.

Numbers of these waggon roads have survived over dis-
tances of many kilometres in different places. Some, in-
deed, which are marked on the oldest maps, belong in the
sphere of industrial archaeology and deserve state protec-
tion and maintenance, for they are not only documents of
the history of Mt Pentelicon, but afford splendid routes for
walking and hiking as well.
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Fig. 26 The best preserved sections of the slipway.
Scale 1:2000.

KA, 5,7,8,9 as in Fig. 20.

IT Postholes (based on Hallerstein’s map).
TP Tracks worn in the rock by iron sledge
Or waggon runners.
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Fig. 27 The construction of the slipway.

1 General excavation of the softrock.
2 Cutting for the paved roadbed.
3 Road paving of marble stones.

Fig. 28 Special method of braking the sledge by taking
simple turns of the rope around four successive posts driv-
en into the south side of the road 400 m from the Spelia
Quarry (Fig. 26, point I11). Holes 1-3 have survived and
part of 4. They have a maximum depth of ~0.40 m and take
square posts ~0.33x0.33 m. The system resembles a much
older one used in Egypt for lowering sarcophagi down the
steep passages of the burial monuments.

Fig. 29 Special method of braking the sledge by taking
turns of the rope around a post driven horizontally into the
south wall of the cutting in the rock made for the road, 500
m from the Spelia Quarry (at point [12 in Fig. 26). The hole
is at a height of 71.50 m. It has a greatest depth of ~0.40
m and originally held a square post ~0.33x0.33 m. There is
another horizontal hole on the same side of the road some
metres further down.
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Explanation of Plate 13.
(see Figs. 20, 21, 26-29).

The postholes are square with sides of ca. 30-33 cm, and
~35-40 cm deep.

The ropes are only used to control the sliding of the
sledge, in order to maintain a more or less constant speed.
The force of resistance was provided simply by the friction
between the rope turns and the wooden post. Two or three
turns of the rope were enough and the artisans did not need
to exert themselves particularly. They merely paid out the
rope a little at a time to increase or reduce the frictional
force. The posts might be driven into both sides of the road
or only one.

Based on the number of marble blocks and the time
it took to build the Older Parthenon and the Parthenon,
it is estimated that five to fifteen heavily loaded sledges
must have traversed the lower stretch of the slipway each
day, at a speed of 7500-1000 m per hour. It is further reck-
oned that at each of the quarries there must have been two
knockdown sledges and several mules to carry back the
dismantled sledges and ropes after each trip down.

Explanation of Plate 14.

The very laborious task of reloading the marble from the
sledges onto the waggons must have been effected, as in
modern times, by building a raised ramp of stones at the
terminus of the slipway and using suitable heavy beams to
anchor the waggon and connect it to the stone paved sur-
face of the slipway. Specialized artisans, fully employed,
and four or five mules would have been needed to manoeu-
vre each sledge down, unload the marble onto the waggon
and carry the sledge up again (cf. Il Maimo, ieri e oggi,
Societa Editrice Apuana, 1978, fig. 89, unloading from a
sledge onto a cart).
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Explanation of Plate 15.
(see Figs. 3-6).

The landscape from left to right: hill of the Stadium, Ardet-
tos, Aegina, Hill of the Muses (otherwise Hill of Philopap-
pos), Acropolis, Lykabettos. On the Acropolis, the poros
Archaic Temple of Athena and the first marble Parthenon
under construction. The position of the viewer corresponds
to the corner of the modern roads of Vas. Sophias and
Lykaonias (Hippokrateion Hospital). The fourth field to
the right roughly corresponds to the site of the American
Embassy (1957-61), and the next one to the Megaron of
the Friends of Music (1980-1990).

The northern rocky peak of Lykabettos was originally
larger and somewhat higher (7278 m) than the one that
stands alone today (T277) at the southern end of the hill.
The greater part of it was quarried away towards the end
of the 19th and in the early 20th c.! Except for part of the
lower northern end of the ridge, which still survives to the
north of the outdoor metal theatre (1964-1970), all the rest
has been destroyed to a depth 740 m below the ancient
summit line. After being filled in (T1970), the level of this
part is today some 35 metres below the original summit.

It is known from literary and epigraphical evidence that
mules were used to pull the four-wheel waggons to trans-
port the marble to the Acropolis. The unfinished column
drums for the Parthenon and the architrave blocks weighed
up to ten tonnes, and the eight lintel blocks which were
up to 8 m long, weighed up to 13.5 tonnes. The weight of
the largest waggons themselves must have been ~3 tonnes.
Marble column drums with a maximum weight of 9 tonnes
were transported from Pentelicon to Eleusis (40 km) on
waggons drawn by teams of oxen (inscription IG 112, 1673)
at an average speed of "2.5 km per hour. Unfortunately the
surviving information is not enough to make a precise re-
construction of the waggons nor is the number of draught
oxen or mules known. Opinions differ about the efficiency
of draught animals in antiquity, but it is generally agreed

that it was less than in modern times. Based on various
estimates and calculations it would appear that on a level
dirt road the pulling power of a pair of animals was “1-~ 2.5
tonnes (the earlier view that it was less, around half a ton,
was mistaken).

The method of harnessing and yoking the animals was
a matter of great importance, because on that more than
anything else their weight-pulling capacity and efficiency
depended. It has often been maintained, based on the lack of
finds and the few preserved representations, that the method
of harnessing used for horses and mules in antiquity was the
same as that used for oxen and did not employ a hard collar.
In our drawing of the harnessed draught animals, however,
the technically more correct method has been depicted in
preference to one of the others that have been considered
more probable, which call for soft collars and traction from
the highest point, but which are less efficient for heavy work
by horses or mules.

At the part of the route shown in the illustration the
downhill gradient is -3% and six pairs of large mules would
have been enough to draw the waggon.

It is reasonable to suppose that in the more difficult parts
of the route, where the road was slightly uphill, it would
have been necessary temporarily to augment the team of
each passing waggon with some extra pairs of mules to assist
in the pulling. The total time a waggon was in use, includ-
ing loading, transferring the marble and so on, must have
been ten or more hours. The waggons must therefore have
returned to the quarries on the day following each marble de-
livery, and consequently the number of waggons used must
have been at least twice the greatest number of daily delivery
journeys. A figure of 10-20 waggons, 100-300 mules and 50-
150 mule drivers must be considered probable.

Another major enterprise, which would have been com-
pleted before the present one, was the transport and haul-
ing up to the Acropolis of "8000 poros blocks weighing 2
tonnes from Piraeus (/74) for the solid foundation of the
Older Parthenon.

A. Burford, Heavy Transport in Classical Greece, The Economic His-
tory Review 13, 1960, 1-18.

A. Burford, The Greek Temple Builders at Epidauros, Liverpool
1969, 184-191.

K. Clinton, The Inscriptions of Eleusis, AE 1971, 81-136.
M. Koppég, Zvufols oty oikodopukn uedétn v dpyoiwv Kiovav,
Athens 1991,103.

J.G. Landels, Engineering in the Ancient World, London 1980, 170-
185.

1l Marino, ieri e oggi, Societa Editrice Apuana, 1978, fig. on pp. 88-
89.

G. Raepsaet, Transporte de Tambours de Colonnes, L ’'Antiquité
Classique 53, 1984, 101-136.

G. Raepsaet, Vervoer van Steen in het oude Griekenland, in D.Van-
hove et al., Marmer in Hellas, Brussels 1988, 34-45.

Explanation of Plate 16.
(see Figs. 3-6).

The landscape, from left to right: “Mets Hill”, vegetation
along the Ilissos, Aegina, Olympieion, hill of Sikelia, Pirae-
us Akte, Hill of the Muses (the Philopappos monument was
only built 600 years later), Acropolis.

The position of the viewer corresponds to the corner of
the modern streets of Herodou Attikou and Mourouzi. The
waggon is nearing the site of today’s Presidential Guard
building. The part of the Ilissos illustrated is at the begin-
ning of today’s Vas. Konstantinou Ave., with the gymnasi-
um of the Ethnikos and the south side of the swimming pool.

The road to the left leads to the old built-up quarter of
the Olympieion. In six years’ time, one of the gates of the
new Themistoclean Wall will be built on this road. Its exist-
ence was mainly brought to light by the excavation of the
gate in 1958 (J. Travlos, Pictorial Dictionary of Ancient
Athens, London 1971, 160, 402, Figs. 217, 222). The road
to the right leads directly to the Acropolis. No archacologi-
cal surface finds are known from this road, but its existence
is borne out by the underground course of the so-called
aqueduct of Peisistratos, because for various technical rea-
sons underground aqueducts followed the course of exist-
ing roads (for the aqueduct, E. Ziller, AM 2, 1877, 112, PL.
7). Frequently in drawn reconstructions of the plan of the
ancient city roads are marked as continuous curved lines,
particularly those going around the Acropolis. This does
not accord with the principles of street planning current at
the time and is purely a simplification of the drawing board.
In actuality these roads were never built with continuous
curves. This may have been the case many centuries earlier,
but from the Mycenaean, and more systematically from the
Archaic period onwards, the roads and the building blocks
on either side of them consisted of a succession of rath-
er long straight sections: in other words, they followed a
polygonal line. The horoi, or marker stones indicating the
boundaries of the different properties (buildings, grounds,

gardens and so on) stood in the first place at the angles of
the straight boundary lines, and additional ones were set
up at points where internal dividing lines met the external
peripheral line of a property unit (e.g. a building block or
a piece of property); lastly, marker stones were also placed
at intermediate points along straight boundary lines if these
were very long. The boundaries were inscribed only when
they delimited an important property; usually they were
not. We know from innumerable excavation finds that the
construction of the walls followed a very ancient system,
which in some regions has lasted until the present day: the
lower part was built of fieldstones or half-hewn blocks, and
the upper and larger part with mudbricks laid in thin hori-
zontal courses.

In Plates 16 and 17 the drawing of the walls was based
on what has already been said about the polygonal course
of the roads, the marker stones and the method of construc-
tion. The style of the stonework was that used in modest
building structures from Archaic times onwards.

The huge Archaic Doric temple of Olympian Zeus, the
Olympieion, although only half-finished, dominates the
centre of the picture. It was octastyle dipteral in plan and
nearly 110 m long. Some of its columns had already been
assembled to a height of eight metres, or about two thirds
of their full size. The external columns had a diameter of
~2.474 m, and the internal ones 2.21 m. The capitals must
have measured over three metres a side.
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Fig. 30 The west end of the retaining wall north o
Sanctuary of the Nymph. Scale 1:50.

la, 1B Two pieces of a half-worked marble column drum.
Diameter ~1.65 m, height ~0.90 m. The remains of two
bosses can be distinguished.

2-11 Original part of the retaining wall.

15-17 Rebuilt part of the retaining wall.

18-20 Later building in the place of the destroyed end of the
retaining wall.

AT Smaller transverse walls.

AQO, ®P Ancient drainage work.

PA Projection of the west side of the vaulted Roman cis-
tern.

Explanation of Plate 17.
(see Fig. 30)

The way the Acropolis looked before the building of the
high Classical walls, with the surviving half-ruined Myce-
naean walls. It shows the shape of the rock and hill before
the 5th c. fill and the large cuts made in the slope for the
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ericlean Odeion, Theatre, Asclepieion,
and Odeion of Herodes Atticus.

Reconstruction based on modern topographical plotting
of older level measurements of the original levels of the dif-
ferent excavated parts and geomorphological observations.

At the east end of the Acropolis the sanctuary of Pan-
dion, on the left a temple of Brauronian Artemis, the exist-
ence of which is very probable.

In the space between the original theatre and the rock
there used to be houses before the extension of the theatre
(340 BC) was built; the wells and other remains are still
preserved in the earth fill of the cavea (auditorium). The
crooked road south and west of the Sanctuary is much older
than all the other works in the illustration, including the
Mycenaean walls. It once led to the very ancient spring of
Krene and from there to the Acropolis, and it generally con-
nected the Acropolis with the hill of the Olympieion and the
very old settlement there. The ascending road along the east
side of the Sanctuary has been confirmed by recent excava-
tions. At the crossing of the two roads was a small Oikos
(a kind of small temple: Travlos, op. cit., Figs. 202, 678).

— J. A. Bundgaard, The Excavation of the Athenian Acropolis, Co-
penhagen 1974, figs. 18-20, 36-43, 50-60, 66-74, pls. 114, 122-116,
149-156, 159, 161-163, 165-166, 177, 186, 188 (plans of the excava-
tion of the year 1888 and measurements of the levels of many points
on the surface of the rock by G. Kawerau).

— J. A. Bundgaard, The Parthenon and the Mycenean city on the Heights,
Copenhagen 1976, pls. A, B, K1.

— W. Dérpfeld, E. Reisch, Das griechische Theater, Athens 1896, 13-19
(the Archaic temple of Dionysos Eleuthereus), 30, fig. 7. (Water wells
and other remains of private houses beneath the artificial earth-work
of the auditorium of the Dionysos Theater).

— X. E. ToxoPidng, H uvknvoikn Axpomolic tedv A0nvav, Athens 1962.

— M. Koppég, A4 35-36, 1980, 12-20 (Sanctuary of Dionysos Eleuthereus).

— G.P. Stevens, Hesperia 15, 1946, 3, 12-16, 21-25 (buildings to the east
of the Parthenon).

— O. Walter, Die Parthenonfundamente und das Delphische Orakel, An-
zeiger der Osteireichischen Akademie der Wissenschaften 89, 1952,
97-107 (on an earlier destruction of the mycenean Wall of the Acrop-
olis preceding the Persian Wars).

Explanation of Plate 18.

The buildings from left to right: the northwest corner of the
Mycenaean wall, the so-called “building B” (2nd half of
the 6th ¢. BC), and lower down the terrace with the small
Archaic altar, the older monumental Propylon, the Myce-
naean Tower and on top of it the Archaic naiskos of Athena
Nike. In the foreground the large ramp.

— J. A. Bundgaard, Mnesikles, Copenhagen 1957, 25 (for the ramp) and
fig. 40; idem, The Parthenon and the Mycenaean City on the Heights,
Copenhagen 1976, pls. F, G.

— W. B. Dinsmoor, 4J4 33, 1929, 101-102.

— W. B. Dinsmoor Jr., The Propylaia to the Athenian Akropolis 1,
Princeton N. J. 1980 (with note 10, p. 2 against the placing of “build-
ing B” on the site of the Pinakotheke).

— G. P. Stevens, Hesperia 15, 1946, 73-93.

— J. Travlos, Pictorial Dictionary of Ancient Athens, London 1971, figs.
70-71.

— C. H. Weller, 4J4 8, 1904, 35-70.

From which side were stones lifted up
to the Acropolis?
The uncertainty about where on the Acropolis the blocks
for the various buildings were hauled up is an old one. L.
Ross believed the marble was taken up on waggons on the
west side, except for the largest pieces, like the architrave
blocks and beams, which he supposed were hoisted up on
the south side using strong scaffolding and lifting machin-
ery (L. Schorn’s Kunstblatt 18, Tiibingen 1837, 15). P.
Graindor thought the marble was hauled up on the east side
(Revue Archéologique 19, 1924, 1741.) and G. Beckel, that
a special ramp was constructed on each side of the rock for
every construction work (Akropolisfragen, Xopiotiprov eig
A.K. Opiavdov, vol. 3, 362). Stevens considered the Pro-
pylaia to be the place where the marble was brought up to
the Acropolis (Hesperia Suppl. 3, 1940, 13).

That the material was in fact hauled up at the Propylaia
is borne out by the geophysical features of the west slope,

by the wide artificial inclined plane that had existed in that
exact place from the Archaic period, and from one very
important piece of material evidence which has hitherto
remained unexamined: in the massive retaining wall (1.
Mnédng, llpaxtixd tijc v ABpvais Apyoroloyikiic Eroi-
petog, 1955, 50-52; 1956, 262-265), built after the middle
of the 5th c. to contain the compact fill of the tiny valley
north of the Sanctuary of the Nymph and extending up to
the subsequent Herodeion, were incorporated, among other
blocks, the two parts of a large unfinished drum from the
Parthenon or perhaps the Propylaia, which had broken in
two because it was defective (Fig. 30, 1P, 1a).

The last stretches of the route were the shortest but also
the hardest (an altitude difference of 48 m over a distance
of 240 m, and two changes of direction at angles of 90°
and 75°: see above). The only convincing method of haul-
ing up so many stones in such a short space of time onto
the Acropolis is the system of waggon counterweights de-
scribed by Heron of Alexandria (Mechanica, 3.9). Apart
from its speed it had one other advantage: it avoided the
need to unload and reload the large blocks of marble out-
side the Acropolis. This had to be done only once, at the
entrance to the Propylaia.

The master builders of of the Parthenon at Nashville,
Tennessee, expressed the very interesting opinion that the
ideal method of erecting the Periclean Parthenon would have
been one that avoided the necessity for successive unloading
and reloading of the blocks and allowed the waggons to ar-
rive directly at the worksite of the Parthenon, and if possible
at the level at which the blocks were to be laid in place (W.
F. Creighton, The Parthenon in Nashville, 1968, 45).

Explanation of Plate 19.

In the background from left to right: Katsipodi or the Hill
of Daphne (modern names) and the island of Hydra.

About the form, date and progress of the construction of
the Older Parthenon different opinions have been put for-
ward, most of them contradictory, chiefly by earlier scholars
but also by some contemporary writers. Of the eight dif-
ferent plans that have been proposed at various times, only
one was correct (B. H. Hill, 4J4 16, 1912). Similarly, only
one of the nine different chronologies advanced can be true,
and in any case none of the dates proposed after the Persian
Wars. An endoscopic examination of the in situ parts of the
Older Parthenon incorporated in the interior of the south
side of the crepidoma of the Classical temple has shown
that the earlier crepidoma is largely fractured, that the frac-
tures are of a thermal type (like those on the inside of the
Classical temple caused by the 3rd c. fire) and that the frac-
tures were caused before the old crepidoma was encased in
the new one. The same findings were established in the case
of other marble members of the Older Parthenon that were
discovered in 1987, after the temporary removal of many
blocks from the north toichobate (wall base) of the Classi-
cal temple. It is therefore certain that the Older Parthenon
was destroyed by fire and consequently was in existence at
the time the Persians captured the Acropolis (480 BC). The
measurements of its different column drums (Figs. 31-32)
have shown that the columns had entasis, like those of the
Classical temple, but a much more pronounced taper, and
therefore that they had been designed to be one drum short-
er than those of the latter. Although shorter, these columns
would have supported larger capitals than those of the Clas-
sical temple. The capital in our story would have been ~20
cm larger than the Classical ones (see notes to Pl. 23).

From the large number of unfinished columns of the 1st,
2nd and 3rd rows preserved on the Acropolis, and from the
presence of thermal fractures in all of them and running
the whole length of the in situ crepidoma, it is concluded
that virtually all the parts of the building were constructed
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at the same time and that the scaffolding had already been
erected. In some constructions the scaffolding was put up
in stages as the building progressed, for example the Col-
osseum and the large Roman aqueducts and road bridges.
In the case of columns, however, even those with many
drums, the scaffolding was erected to its full height right at
the start, not only in antiquity but in every period generally.
The drawing of the windlass installed beneath the central
wooden ramp is based on ancient representations (the ear-
liest dates to the 1st c. BC).

The column drums are shown at different stages of fin-
ishing (Fig. 32). Only the under side of the drum, however,
was finished in the workshop; the top was left in its quar-
ried state until the drum was set in place, and only then
would it have been dressed. This method was economical
of workspace and nearly doubled the speed of erecting the
columns. The bosses, diametrically opposed projections on
the roughly hewn sides of the drum, were used not only for
slinging and hoisting, but also to invert the drums when
they were being placed in position.

At the left and right-hand sides of the picture are some
large circular slabs fitted with strong wooden handles.
These were surface plates, weighing 500-600 kg together
with the wooden lifting grid; many fragments of them have
been found on the Acropolis and are now in the Acropolis
Museum. On two of the fragments (MA 3748, 9055) a very
thin, bright red coating is preserved (Fig. 31). The func-
tion of these plates was to repeatedly check the smooth-
ing of the drum. The artisans laid the surface plates, thinly
coated with paint, on the joint sides of the drums, or other
members, and afterwards used special grindstones to grind
down the parts of the surface marked with the red paint
from the plate (Fig. 32). Continued repetition of the process
produced a perfect fit between a surface and one surface
plate. Since, however, the surface plates themselves may
not have been completely flat - a few irregularities in the
order of 1/20 -1/30 of a millimetre (!) were inevitable - two
different surface plates, forming a pair (one for each of the
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sides that were to be in contact), were used to achieve a
perfect fit between two drums:
- Firstly, the two surface plates complemented each other,
since the one had been used to smooth the other. Any positive
unevennesses in the surface of the one exactly matched the
negative unevennesses of the other, so that when they were
correctly aligned they made a perfect contact. A mark on the
edge of each plate indicated the correct position of alignment.
- Secondly, during the process of repeatedly checking the
smoothing, a certain orientation of the surface plate, al-
though chosen at random, had to be kept unchanged over
the entire duration of the process. This orientation was fixed
in advance by a mark on the side of the drum. At the end of
the process the surface of the drum perfectly matched that
of the surface plate.
- Thirdly, in preparing the two surfaces (a’, b") that were to
be in contact, one of the plates of a pair (a, b) was used for
each surface. Since the two plates (a, b) were a perfect fit,
the two drum surfaces (a’, b”) would also form a perfect fit:

If a matches b,

a’ matches a,
b” matches b,

then a” matchesb’.
- Fourthly, when positioning one drum on top of the other,
it was only necessary to align the two marks on their sides
made during the process of repeated testing with the two
matching surface plates.

Surface plates were used in the same way to check the
seating surface of rectangular blocks. Fragments of these
have also been preserved.

Thus at last the secret has been discovered of the almost
incredibly perfect fit of the joints in the Parthenon, which
was in the order of one hundredth of a millimetre!

The method of turning one column drum on top of the
other (with many supporters: Klenze, Penrose, Choisy,
Durm, Korres 1983, and also opponents: Paccard, Botticher,
Michaelis, Dinsmoor, Gruben) has not been demonstrated
by any finds so far.

Hauling the marble blocks from the Propylaia to the
Parthenon was effected by powerful windlasses. The holes
used for mounting these windlasses still survive at different
points in the rock.

— G. Beckel, Akropolisfragen, Xapiotipiov eig A.K. Opiavoov, vol. 3,
329.

— J. A. Bundgaard, The Parthenon and the Mycenean city on the
Heights, Copenhagen 1976.

— J.J. Coulton, Lifting in early Greek Architecture, JHS 94, 1974, 1-19.

— G. Daux, E. Hansen, Le Trésor de Siphnos, Fouilles de Delphes, 11, 4
Paris 1987, fig. 26.

— W. B. Dinsmoor, The Date of the Older Parthenon, 4J4 38, 1934,
408- 438.

— W. Dorpfeld, Die Zeit des alteren Parthenon, AM 27, 1902, 379-416.

— H. Drerup, Parthenon und Vorparthenon, zum Stand der Kontroverse,
Antike Kunst 24, 1981, 21-38.

— B. H. Hill, The Older Parthenon, 4J4 16, 1912, 556.
— Th. Kalpaxis, Hemiteles, Mainz 1986, 88-97.

— M. Koppég, Zoufoln oty oikodouixn uelétn v dpyaiwv kiovwv,
Athens 1991.

Fig. 31 Fragment of a large circular surface plate
(Acropolis Museum 3748).

Fig. 32 Reconstruction of the method of using a surface
plate.
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Explanation of Plate 20.
(see Fig. 33)

The ruler the Architect is holding is two feet long, subdi-
vided into 8 palastes (palms) and 32 daktyloi (fingers).

To discover the seriousness of a flaw in the marble the
ancient masons usually followed this method: they chipped
away small exploratory cuttings in the places where they
suspected the existence of a fissure in order to test the cohe-
sion of the marble along the length of the fissure. Test cuts
of this kind have been detected on the concealed surfaces
of some of the entablature blocks at the east end of the Par-
thenon during the course of restoration work.

For an ancient mason, discarding an unfinished piece of
marble because of a technical or geological flaw would only
have been the last resort. First they would have weighed up
the possibilities of fixing it or else using part of it for some
other purpose. One procedure, akin to cutting a knot out of
a piece of wood, was to cut away the flawed areas (fissures,
coarse inclusions), if they were not too extensive, and to fill
the gap with a perfectly fitting piece of good marble.

Another procedure was to reinforce the marble against
cracking by using clamps in the concealed sides of the block.
This was only a precautionary measure, not a cure and was
used where no sign of any actual break was detected.

Notable anti-cracking reinforcements in the Parthenon
are found in the capital of the 7th east column, a cornice
block in the west pediment and an unused cornice block of
the inner face of the peristyle. They have also been found
in the Propylaia in a drum of the 6th west column and in the
floor under the bench in the south pteron.

Fig. 33 Anti-cracking clamps. Trimetric projection.
Scale 1:20.

1 5th drum of the 6th west column of the Propylaia.

2 Capital of the 7th east column of the Parthenon.

3 Unused cornice block of the inner face of the peristyle
from the Parthenon.

4 Cornice block in the west pediment of the Parthenon.
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Explanation of Plate 21.
(see Fig. 34)

In the background, burning homesteads, and the Persian fleet
in Phaleron Bay. The steps of the crepis and the columns
have already suffered irreparable damage from the confla-
gration of the large wooden scaffolding poles. The marble
has not been calcined, a chemical process that occurs at a
temperature of 800°C, but has undergone thermal fracturing
or exfoliation, a well-known mechanical phenomenon that
occurs at lower temperatures (in a fire, for example). When
the surface of large stones is heated suddenly, it expands
and flakes off the remaining, colder mass.

— M. Koppéc, X. Mnobdpog, Meréty Amoxoaractdoews 100 IoapOevd-
vog, Athens 1983, 288-295, 344-353.

Fig. 34A The form of the thermal fractures in the steps and
column drums of the Older Parthenon.

Fig. 34B Different forms of thermal fracture.

Steps of the Older Parthenon crepidoma behind those of
the Classical temple, in situ but fractured, along the whole
length of the south side.

Bimetric projection. Scale 1:20/1:40.

1 Thermal fracture along one edge.

1" Fragment from a thermal fracture along one edge.

2 Typical spheroidal form of a thermal fracture.

3 Typical thermal exfoliation.

3’ Plate-like flakes produced by thermal exfoliation.

4 Typical deepening of the surface of a thermal fracture due
to the presence of a plane of discontinuity.

5 Blocks of the new crepidoma.

5" Surface preparation of the old steps to receive the blocks
of the new steps and to enhance the curvature.

6 Impact fracture.

7 Fracture and radial Assuring from the impact of a can-
non-ball.

8 Parallel cracks due to the contraction of a vein.

9 Extended hair-line crack due to the temperature varia-
tions of the natural environment.




Fig. 35,1 Older Parthenon, reconstruction of the
and building construction of the walls at the level
orthostatai (wall base). The outline of the later Part
is shown with a broken line. Scale 1:400.

Fig. 35,2 Parthenon, reconstruction of the plan bas
modern discoveries: windows in the pronaos and sta
in the thickness of the east wall, naiskos and circula
in the north pteron, tower-like pedestal for a four-
chariot at the NE corner. Scale 1:400
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Explanation of Plate 22.
(see Figs. 35, 36)

The plan of the Older Parthenon differs from that of the
Parthenon in one important respect: the Older Parthenon
was a regular peripteral Doric, e.g. hexastyle (with 6-col-
umned fronts) temple, whereas the Parthenon has an unu-
sual peculiarity, being octastyle (with 8-columned fronts),
like most of the large dipteral temples (temples with two
rows of columns around the outside).

This peculiarity of the Parthenon is mainly due to the
intention of creating a large interior room for the more ef-
fective display of the chryselephantine statue of Athena.
The exceptional width of this interior room led to another
peculiarity: a large window on either side of the door. In the
illustration the window can be seen to the right of the door.

It took eight or nine years to build the Parthenon (447-
438 BC). The largest part of the masonry work undoubtedly
went into the carving of the 46 columns of the peripteral
colonnade, the 12 of the porches, the 46 of the naos proper
and the 4 of the west compartment. The second largest part
of the work went into the 92 sculptured metopes, and the
third into the 212 large, 72 medium and the 160 smaller
marble coffered panels of the ceiling of the peripteral col-
onnade and the porches. Finally, there are the 9000 marble
tiles, the walls, the 160 metres in length of the lonic frieze,
the cornice, crepidoma, architraves, beams, floors and ped-
iments in order of labor they needed.

The pedimental sculptures and acroteria (sculptures on
the angles and apexes of the pediments) were added some
years after the completion of the construction of the build-
ing. This is clear not only from the epigraphical sources,
which mention the tardy supply of marble, but also from
the style of the sculptures and the style of the central acro-
terion. The task of carving the pedimental sculptures would
have been greater than that for the metopes or frieze.

The corner acroteria, one of which is shown ready to
be positioned in place by the crane, would certainly have
been large Nikes (Nike, the godess of victory), similar to the

well-known Nike acroteria on other temples of that period
(such as the Athenian temple of Apollo on Delos).

Hoisting the pedimental blocks and acroteria into place
is the particular theme of P1. 22.

The acroterion of the southeast corner, an over-lifesize
marble statue of a winged Nike, has been moved under the
crane. It is temporarily propped up by two wooden poles.
The base for the Nike is in the process of being placed in
position with the help of the crane. It is three times as long
as the part of it on which the Nike will stand, in order to
counterbalance the projecting weight of the statue, which
will be fixed to the base by four very strong iron attach-
ments (Fig. 36); one more will be used to fix the base to the
pediment.

The base is being hoisted by means of a powerful iron
device, a lewis, which has been wedged into a suitably
shaped slot over the centre of gravity on the top of the
block. (The same method was used to reposition the base
on the NE corner, using a modern crane that had much in
common with the one used by the ancient workmen and the
one illustrated here).

The veteran mason is sitting in front of his latest cre-
ation, the base for the Nike of the southwest corner, which
at this moment is upside-down.

— P. Danner, Die MaBle der Akrotere, Jahreshefte des Osterreichischen
archdologischen Institutes 58, 41-51.

— A. Delivorrias, in E. Berger (ed.) Parthenon-Kongress, Basel 1982,
Mainz 1984, 289-292.

— J. Durm, Die Baukunst der Griechen®, Leipzig 1910, pl. 68. (The
well-known drawing by Durm is apparently based on the similar
drawing by Hittorff).

— J.I. Hittorff, L. Zanth, Architecture antique de la Sicile?, Paris 1870.
(pl. 89 shows the method presumably applied to build the great tem-
ple at Selinunta using cranes, winches etc.)

— M. Koppég, X. Mmovpog, Mehétn Aroxaractdoews tod [lopOevir-
vog, Athens 1983, 41, 103, 463 (acroteria); BCH 115, 1991, 837, 839.

Fig. 36 The sculptures of the northeast corner of the Par-
thenon and the method of counterbalancing the projecting
weight of the Nike with its elongated base, which acts as a
counterweight, and the appropriate iron fastenings.
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General Explanation of Plates 4-7, 9,11-14.

General comments on the quarrymen:

In Plates 4, 5, 6, 7, 11, 12, 13 and 14 the quarrymen are
shown with their legs wrapped in sheepskins and bound
moderately tightly with thongs. This would have been very
necessary in order to protect them against the sharp chips
sent flying by the large and small picks; such measures are
still employed today in similar circumstances (J. Ashurst
and F. Dimes, Stone in Building, London 1977, 29, Fig. 6).
In addition they wear protective aprons made of some thick
material, and most of them have sun-hats, petasoi (floppy
brimmed hats) or neckerchiefs on their heads, just like their
modern counterparts.

Plates 5, 9, 11 and 12 show tasks being performed that
called for larger numbers of workmen than the activities
depicted in the other plates. These are obviously large
group efforts of short duration, for which other workmen,
recognized by their different clothing, would have tempo-
rarily left their other jobs to come and help.
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Explanation of Plate 23.
(see Fig. 37)

The surviving part of the capital (P1. 23, Fig. 37) represents
about 1/3 of the complete member. The preserved circum-
ference of the echinus is an arc of a circle of 165° with
a chord of 2.23 m, and consequently its diameter and the
side of the abacus would have been ~2.25 m. The upper
surface is already perfectly flat, dressed with a toothed axe,
whereas the rest preserves its preliminary dressing. The ex-
cess thickness (apergon) ensures the following stages of
the dressing and the protection against injuries as well. The
upper surface is encircled by a smooth guide cut ~2 cm into
the surface of the apergon and it therefore measured 2.21
m on each side and was some 21 cm (10%) larger than the
regular capitals of the Periclean Parthenon, or some 15 cm
larger than the capitals at the east end of the Parthenon.
The apergon, also, in its final state, is very thin (T2 cm)
and geometrically very regular. The remaining thickness of
the abacus is 41 cm and consequently its ultimate thick-
ness must have been 39 cm, that is, some ~3.5 cm (T10%)
greater than the thickness of the abaci of the Periclean Par-
thenon. The preserved height is 89 cm, and clearly, be-
fore the upper surface was dressed and the necking-band
destroyed, it must have been nearly 110 cm, or 105 after
dressing. It was therefore some 20% higher than the cap-
itals of the Classical temples, and the proportions of the
echinus would have been closer to those of the capitals of
the Old Temple of Athena than those of the Periclean one.
The weight of the capital at its present stage of preparation
would have been about 11,000 kg, and after its final finish-
ing 710,300 kg. The weight of the capitals at the east end of
the Parthenon is about 7,500 kg.

The almost Archaic proportions of the Older Parthenon
capital were due to the fact that on the one hand it was at least
some 40 years earlier than those of the Classical temple, and
on the other that the intercolumniation of the Older Parthe-
non was somewhat greater than that of the Classical temple.

Half-finished Classical Doric capitals in Athens:

— one in the foundations of the temple of Hephaestus (W. B.
Dinsmoor, Observations on the Hephaisteion, Hesperia
Suppl. 5, 1941; J. J. Coulton, Greek Architecture at Work,
London 1977, 59, fig. 16).

—some in the Sanctuary of Apollo Delphinios (J. Travlos,
Pictorial Dictionary of Ancient Athens, London 1971, 83,
figs. 111-112).

— one built into the retaining wall on the south side of the
peribolos of the Sanctuary of Dionysus Eleuthereus.

— J. J. Coulton, The Parthenon and the Periclean Doric, in E. Berger
(ed.), Parthenon-Kongress, Basel 1982, Mainz 1984, 40-44.

Fig. 37 The half-w
(Acr. 2100). Scale 1:
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APPENDIX 1
TESTIMONIES

Evlia Celebi

K. Biris (ed.), The Attica of Evlia Celebi (in Greek),
Athens 1959, 59, see also N. Chiladakis (ed.),
Journey to Greece (in Greek), Athens 1991, 189-190.

... a great mountain all of marble reaching to the third heaven. One
can still see the remains of the great palace built thereupon by
Solomon for Balkida. All the islands of the White Sea can be seen
from the summit. Here still rise the slopes of that large mountain
from which all the marble columns and blocks for the buildings
of Athens were cut. And how many hundreds of quarries still cut
fine marble!

A large, deep cave exists here. The priests lit candles and we
all divested ourselves of everything but our underclothes. With
one servant, we passed through the narrow corridors between the
rocks, descending through one opening and then another till, in
about an hour, we found ourselves in the depths of the earth, in
the abode of the wise men and ascetics. It is said that all the latter,
neglecting their bodily needs in these caves, gained philosophical
wisdom with silent, unintelligible words. All these caves are God-
made; they are not the work of men. Every now and then, light
appears. Every cave and each marble block bears the names of
hundreds of wise men, along with all sorts of carvings and sym-
bols such as those that one can see the obelisk in the At Meydani
(Hippodrome) in Constantinople. Each of those who entered this
cave carved what he saw onto the rock. Further down, towards
the nadir, one sees thousands of strange objects and thousands of
human bones. We emerged with the guides and the priests three
hours later. Afterwards, we enjoyed the vineyards and gardens and
flourishing farmsteads, and passed hundreds of thousands of bee-
hives along the ridges.
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Anton von Prokesch-Osten (1825)
Denkwiirdigkeiten und Erinnerungen an den Orient, vol. 2,
Stuttgart 1836, 424-429.

After an hour and fifty minutes, I arrived at the abandoned site of
Halandri, and thence made my way in an almost easterly direction
through the vineyards and meadows till, fifty minutes later, I ar-
rived at the foot of the Pentelicon. ... After an ascent lasting half an
hour, one finds oneself before the monastery of Pentele. There, in

Fig. 38 Ludwig Lange, Steinbruch zu Pentele, June 1836
(Staatliche Graphische Sammlung, Miinchen Inv. Nr. 35763).

the shade of tall trees which adorn the courtyard of this extreme-
ly picturesque and finely built monastery, I enjoyed a breakfast
of honey and milk while the monks prepared themselves to ac-
company me to the quarries of this famous mountain. The Greek
monasteries, if compared to those of the Roman Catholics, have
the advantage in that the monks, being less prone to seduction
by the Satan of scholastic learning, hold nature much less at a
distance, and feed themselves by the produce of their own hands,
work which keeps them completely occupied. Thus they radiate

Fig. 39 Ludwig Lange, Steinbruch zu Pentele, June 1836
(Staatliche Graphische Sammlung, Miinchen Inv. Nr. 35764).

that aspect of peace which can be achieved by being cut off from
the rest of the world. Their great lack of education becomes im-
mediately tolerable since one gives importance only to their inner
disposition, thus all and more liberating oneself from the bond-
age imposed by that empty over-estimation of knowledge that all
too often limits the traveller’s ability to observe the world. It may
seem strange, but it made me happy to see the monks taking care
of cows, ploughing fields, gathering in the harvest and executing
all the chores for both house and stable.

The monastery of Pentele is so esteemed for its honey and
olives that of the former alone it must supply the Grand Seignior"
with 9000 pounds. ...

The monks provided me with an example of their simplicity
and lack of education by the way that they praised and described
the nearby marble quarries. The wisest amongst them confined

1 He means the Sultan. The honey was for the poorhouse in the Validé mosque.

himself to the following: “There on the mountainside is a hole,
and therein a well. The milords come and creep round there,
drink from the spring, carve their name in the rock and then go
their way.”

The road to the quarries is most exhausting, but well worth the
exceptional view of Attica and the Saronic gulf. Only a quarter
of an hour from the monastery, where one can see the mountain
crest from the low peaks and the interspersed plateaus, the quarry
shows itself in the cuttings between huge piles of chippings; these
continue upwards, almost to the peak. The road along the quar-
ries’ length is ancient, these treasures not having been exploited in
modern times. In places one can discern wheel tracks and the an-
cient flagstones. After reaching a certain height, one is surprised to
come across an expanse of rock that has been cut flat in the shape
of three-quarters of a circle, and crowned with pines, cypresses,
laurels and myrtles. The marble faces tower above, here and there
shining white, elsewhere variously coloured due to weathering
and the process of time. Lichens cover the intercalations and vines
let hang their long branches. Masses of fallen marble lie, as if rent
by a tremor from its parent rock... To the left, half way up the low
cliff and situated on a projection of rock, is a stone dwelling, in-
accessible without a ladder. The monks relate the story behind it:
“Three Greek monks, the most handsome in all Attica, facing the
wrath of a Pasha, sought refuge in the wilderness and with their
own hands built this small hut. They were regarded by the people
as saints, and after their death their monument was venerated for
a very long period of time.” A hermit now lives there, and his
church can be seen in the cave’s entrance.

Going over piles of stone, marble ruins and worked marble
blocks one arrives at the entrance, now closed up by a modern
wall. One sees, amongst other things, old column fragments—
traces of human handiwork from thousands of years past—in the
depths of a broad cave dimly lit by sunlight and colours left by
time on the rock face; then there is the chapel with its ambo. About
sixty paces on one delves into the depths till reaching a winding
corridor which, in places, is so low as to make one crawl with dif-
ficulty to fit therein. Then came a sort of chamber and a downward
sloping corridor with narrow steps leading to a hollow in the rock
that has been cut out and is full of water. A spring gushes forth
thence, supplying water to a hollow which continues to run via a
conduit of some kind. The coolness of the spring waters is unusual
for Greece, and the water itself is much better than that of Peirene
at Corinth; indeed, it can only be compared with the Alpine waters
of our own fatherland. Carved onto the walls where the corridor
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starts and the steps cease, I encountered the names of many vis-
itors, the most recent being that of Santarosa? and Colegno; the
former ended his unlucky life even before Navarino. On emerging
into the sunlight once more, I investigated the rest of the cave at
the quarry entrance where it continues to the southwest for about
100 paces. While at first adorned with stalactites, it terminates in
a series of corridors.... Dodwell only visited the cave entrance, not
being able to reach the spring without torches.

William Gell
The Itinerary of Greece, containing one hundred routes in Attica,
Boeotia, Phocis, Locris and Thessaly, London 1819, 63-64.

Monastery of Pentele or Pentelicus, situated in a well wood-
ed plain, or step of the mountain. A beautifully retired spot, the
resort of the rich Athenians during the heats of summer. The
church is clean and in good repair, and the monks are hospitable
to strangers. Ascending the mountain to the quarries, at 16 min-
utes is the nearest quarry... The great quarry is 41 minutes distant
from the monastery, and affords a most extensive prospect from
Cythaeron to Sunium. Here is a cavern in the white marble rock,
near 250 feet long, which is well worth visiting. The stalactites are
curious. Worth observing is the ancient method of cutting blocks
entirely with the chisel; and several inscriptions of different ages
cut by the workmen. On the descent lie many unfinished blocks,
and several contrivances for slipping down the marbles to the
plain below are visible.

L. Ross (1836)
Das Pentelikon bei Athen und seine Marmorbriiche,
L. Schorn’s Kiinstblatt 18, Tiibigen 1837, 5-6, 10-11,16.

Between Kephisia and the monastery of Pentele, and only quarter
of an hour north of the latter, there extends a broad ridge from the
foot of mountain going up to and almost reaching the summit. It
is this ridge that contains the famous vein of marble. Extending
to a height of over three and a half thousand feet, the ridge is full
of marble quarries both large and small from which the ancients
extracted this most noble of stones for their buildings and sculp-
tures. The first quarries are located at the foot of the mountain, but

2 S. Santarosa, an Italian noble, after a lengthly service of outstanding hero-
ic activity, sacrificed his life for Greek independence on the 8th of May 1825
at Sphacteria, aged 38.
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the stone that has been cut here contains veins of fissured mar-
ble, and cutting did not proceed deeply enough to reach the purer
level. The largest and most attractive quarry lies almost half way
up the ridge. Opening westward to the plain, it is confined on its
remaining sides by sheer faces of marble the size of a building
which still bear evidence of the care used by the ancients in clean-
ly extracting the marble, not by splitting it, but by loosening the
great blocks section by section with their various quarrying imple-
ments. These rock-faces are crowned with pines and wild straw-
berries, with bushes and climbing plants overhanging from their
crests. Against the left face lie the ruins of a hermit’s retreat which
can be approached only by a dangerous climb or a rope ladder.

The rock face at the back, however, overshadowed by jutting
protrusions of rock, opens into a large stalactite cave which hu-
man hands must have widened by cutting away sections of stone
from the ceiling. On another wall one can see a rough depiction
of a temple, carved by a labourer in antiquity, and at many loca-
tions on the walls the word OPOZ (limit) is visible. The latter is
repeatedly encountered in the Hymettus quarries, at times accom-
panied by some first name or other. Thus it is possible that the
quarries classified by Xenophon, amongst others, as sources of
public funds were state property. Of the quarries further up, a few
are almost as large as the one just described, and perhaps one’* may
be slightly larger but is by no means as pleasant to behold...

That these bulky masses of marble were conveyed by wag-
gons is evident from the tracks carved into the rock surface which
can be seen on the mountain at various places near these quar-
ries. From the foot of the Pentelicon, the blocks were taken via a
specially built road to the city, remnants of which still indicate its
course throughout the plain....

A (new) waggon track has been built up to the foot of the
mountain, following almost exactly the same direction as the old-
er, and work has begun in the ancient quarry described.

H. C. Andersen (1841)
Travels in Greece (Greek translation), Estia publ., Athens, 95-96.

...but first we wanted to see the quarries of the Pentelicon. We
made our way past bushes and shrubs along our path, where chil-
dren tended the monastery’s sheep and cows. Now and then large
tortoises would crawl by us and when I saw one of these writhing
upside-down, I undertook to become its saviour.

3 He surely means the quarry A10 (see Figs. 20, 22).

The road increasingly sloped upward, and walking became
difficult. We went on, however, between the rocks, bushes and
thorns, but we had to reach the quarries and we had not yet passed
the ridge of the Pentelicon.

Up above there stood a shepherd wearing the traditional Greek
cap and leaning on his long staff. He was looking down into the
grey plain, there where a lonely mound rose in the wilderness. The
sea and the mountains of Euboea could be seen on the horizon. A
grey-blue column of smoke rose from an almost indistinguishable
hut down below. The mound, which amongst the reeds resembled
an island, is the most famous in the world. Whose can it be, I
wonder? From the name of the plain we can guess. It is the mound
of Marathon.

Christiane Liith (1841)
A Danish lady at the court of king Otto (Greek translation), Athens
1988, 54.

On the third day after Easter we went together with him (H. C.
Andersen) on an outing to the Pentelicon. We were two waggons
full and two riders. We had planned to climb to the summit since
Andersen wished to see the plain of Marathon from that vantage
point. But before reaching the ancient quarries, which are so very
interesting, he had already become tired, and sat down at the large
curious quarry, where he shouted to us, who had gone on ahead
and were much higher up—almost at the summit: “If you can see
Marathon, I’ll come, otherwise I’ll stay here!” But nothing was
yet visible and out of courtesy for our guest we descended, with-
out in the end seeing what we had hoped to.

N. A. Parmenides (1847)
Visit to Pentele (in Greek), Nea Pandora 1956, 180-183.

The ancient quarries can be distinguished from the modern ones
since the latter extract the marble using dynamite, rammed deep
into the depths of the rock, that destructively splits the marble
away in shapeless lumps. But when on beholding the ancient
quarries, one ponders with admiration the question of how the
quarrymen of antiquity managed to cut the stone away in so reg-
ular and skilful a manner. The individual marble masses were
separated as monoliths of enormous size and their surfaces were
smooth, thus making only a moderate amount of carving nec-
essary afterwards. The regular rock surfaces, almost wall-like,
make it apparent that the ancients possessed tools more suitable
for cutting away monolithic blocks, while the moderns with their

dynamite can only just split shapeless blocks with much destruc-
tion, their surfaces unequal and irregular, and their size perhaps
never so big as those removed by the ancients.

We reached the Pentelicon cave. In front of the entrance there
is a church and small structures evidently used as domiciles for
the labourers. On entering this cave, using candles to light our
way, we proceeded to a broad chamber-like area which extended
far into the depths, although excessive darkness and restricted
space did not reveal the point where the cave terminated. This
cave, also an ancient quarry, was most attractive with its strange
stalactites.

Karl Krumbacher (Nov. 1884)
Griechische Reise, Berlin 1886, 56-57.

That morning, with the gendarme as our guide, we reached the
summit before sunrise. Unfortunately, it was covered by cloud
which was stirred up into rain by a strong northerly. After hav-
ing traversed some distance down the slope, we found ourselves
underneath the mantle of cloud and were at least able to glean an
idea of the exceptional view afforded by the Pentelicon when the
sky is completely clear. All of Attica, with Athens and Piraeus,
Salamis and Aegina, Parnassos and Kithaeron emerged from the
thick morning dew like a new creation. The landmarks further
away sadly remained in the mist ... Returning to Kephisia, we
passed the new quarries where a gigantic mass of marble had al-
ready been cut to size ready to be transported to Athens. They tell
me that it will be used for a statue of Gladstone* to be executed
by the sculptor Vitalis from Syros.’

A. N. Vernardakes
On commerce in Greece (in Greek), Athens 1885, 59-61.

The quarrying of the marble takes place in such a senseless and
careless manner, that not only does the local price become unnec-
essarily high thanks to all the waste, but the natural resource itself
is being destroyed.

4 Until 1992 this statue (1883-86) stood on the south side of the Univer-
sity garden. It was moved temporarily because of the Metro works, see Z.
Avdaxng, Oi "EAlnves Iomteg, Athens 1981, 55, 63, 289-290.

5 G. Vitalis (1838-1901) was from Tenos.

...the quarries belong to the monastery of Pentele, which rents
them for an annual rent for each quarryman with one worker of
25 drachmae. There are eleven quarries rented, of which 8 pro-
duce white and three dark marble.

D. G. Kambouroglou
The path to the cave (in Greek), Nea Estia B 1927, 777.

Now, o reader, become a torch-bearer. Go forward into the mys-
tery of chaos, there will you find the marble staircase that leads
to the mystical well of the depths.

K. Biris (1949)

Newspaper Kathemerine, 18 September 1949.
On modem Athens (in Greek), 1, 1956, 39-41
(The quarries and hills of Athens).

On the question of the capital’s quarries, it is hypocrisy indeed
for us to speak of culture in this land. To speak of tourism, when
the tourist ... is able to see how those rocks no longer exist and
how the hills have been eaten up as if by a mythological beast.
When, reaching Athens with a cherished dream of visiting the
cradle of civilisation, the tourist peers from his window on the
aeroplane to see all those hills peppered with thousands of pits
appearing like huge wounds—and Mt Pentelicon everywhere
scarred by criminal surface quarrying undertaken over the last
few years. He can only form an opinion that this city is today
inhabited or administered by barbarians and insensitive agents
of destruction.
It is high time that this orgy of destruction should stop.

K. Biris
Athens from the 19th to the 20th century (in Greek),
Athens 1966, 379.

Up till the first three decades of our century, the only marble quar-
ries on the south slope of mount Pentelicon were Vathy Rema,
Soulenari and, just beside it, the ancient quarry known as Spelia,
the quarry of the Cave ... None of these could be seen from the
Attica basin. In subsequent years, other quarries were opened up
to the west in locations which were fully visible. For the first time
the hitherto pristine aspect of the mountain was disfigured. Land
for these quarries had been leased out by the monastery to various
concerns. At the same time, beginning from the years just before
the war, the abbot’s council began to issue plots of monastery
land to its south and west to developers and co-operatives.

These installations, along with the quarries and the settle-
ments, represent nothing less than the sentencing of the Penteli-
con landscape to oblivion. None of these things occurred without
the knowledge of the public authorities responsible for the pro-
tection of the area. The quarries were established by permission
of the Directorate of Metals of the Ministry of Industry, while the
building development was undertaken with screaming advertise-
ments in the newspapers, and based on privately developed plans
in a manner expressly forbidden by the relevant legislation.

G. Gruben (1990)
From an unpublished report on the ongoing damages in the an-
cient quarries (transl. by M. Korres).

These quarries, from the 5th century BC, provided the material
for all the important buildings in Attica. They were in operation
throughout the duration of antiquity. The three quarries, the larg-
est measuring 200 m long, along with the chamber in the cave,
some 100x60 m and also used as a quarry, constitute a unique
phenomenon world-wide. This monumental group of remains
even includes the ancient flagstone road and underground spring,
no doubt a nymphaion, the Byzantine chapel and the remains of
hermits’ cells.

Here we have a majestic testament to ancient technology, to
the history of Greece and to its natural beauty, and in no circum-
stances should this legacy be sacrificed for short-sighted gains...
These venerable quarries, some 2,500 years old, belong to all
mankind for the centuries to come.
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Acropolis for the sculptures on the Old Temple of Athena (the
latest of the poros temples of Athena). The quarry of the Nymphs
follows a thin but very fine quality stratum of fine grained trans-
lucent marble. This is sandwiched between a stratum of bluish
and a stratum of white but not very fine marble. These strata have
a downward inclination of 80-85% towards the east.

The underground part of the mine has a length of 190 m in a
north-south direction and a width of 50-120 m increasing from
south to north. The distance from floor to roof is for the most part
three m. The thickness of the overlying rock to the surface of the
slope increases from SW to NE from 20 to 120 m. To prevent
the roof caving in pillars of uncut rock were left at intervals. In
the southern part, which is the oldest, the intervals between the
pillars are 6-10 m and their thickness increases according to the
overlying mass. The pressure on the pillars under the thickest part
of the slope must be in the order of 500-600 kg per sq. cm. Some
of them have been wholly or partially removed in later periods,
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most recently for example by profiteering quarrymen. This is the
major cause of regular roof-falls. Due to the way the quarry was
worked, only part of'it is free space in the form of passages, while
the remaining, larger part is filled up with huge quantities of de-
bris, mostly structured and not simply dumped. Thus only twenty
of the pillars are directly visible, and the existence of as many
again is apparent from small gaps in the upper part of the piles of
debris. There must be over a hundred of them. Two descending
passages link the quarry with the outside world. The southern one
is ancient. On the left of the entrance is the well-known relief on
the rock. The passages do not follow the steepest slope towards
the east, but run in a diagonal direction towards the northeast, so
that the slope is more moderate (almost 60% in the southern and
50% in the northern one); this was necessary as a safety margin
for the movement of men and loads. The production of the quarry
in antiquity must have amounted to nearly a hundred thousand
cubic metres of useful marble.

Outside the quarry, on the southern extension of the two pas-
sages, the machine house for the winches still survives on top
of a hill of debris; they belong to the last phase of the quarry’s
exploitation by the Greek Marble Company of Paros, which, as
indeed is obvious, extended the quarrying (1881) much further on
its northern side, almost completely obliterating the ancient fea-
tures. On the other hand the original features of the most ancient
phases are still nearly fully preserved on the south side.

Various other buildings, workshops, storerooms, etc., were
built by the Society at that time in the area of the quarries and at
Paroikia, the remains of which already belong among the mon-
uments of industrial archaeology. There was a railway system
some 6,900 m in length to carry the marble to Paroikia, and a re-
volving crane of 20 tonnes capacity mounted on the end of a new
jetty to load it onto the ships. Some massive, well-hewn blocks of
marble with a curved front, dumped into the sea at Paroikia, may
be parts of the fine base of the crane.
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GLOSSARY

abacus (pl.: abaci) = the uppermost part of a capital.

acroterion (pl.: acroteria) = figures or ornaments standing on the extremities
of a roof.

actites = hard limestone from the Akte of Piraeus.
agora = market place, political center.
anta(e) = pilaster-like projection of a wall.

apergon = preliminary surface (i.e. thickness in excess) protecting ar-
chitectural elements before and during positioning and to ensure the per-
fect final fashioning of columns and walls, which is possible only after all
components have been assembled.

chryselephantine = a statue in which a wooden core is overlaid with gold (for
the drapery) and ivory (for the naked parts of the body).

crepidoma or crepis = stepped platform of a Greek building, particularly of
a temple.

Cyclopean (-masonry, -wall, -building etc.) = built with large unhewn or part-
ly hewn hard stones. The building system of Mycenaean fortifications in
particular.

daktyloi = subdivisions of foot (1 dactylos = 1/16 foot).
entasis = slight convex curve given to the vertical lines of a column.

euthynteria = top course of a foundation defining exactly the contour and the
levelling (eventually including the curvature) of a building.

hexastyle = a building with six columns at the front(s).

hypotrachelium = the neck of a capital.

imantes (or annuli) = projecting rings at the bottom of the echinus of a doric
capital.

kalos = thick rope.

kalostrophoi = rope-makers.

kopeus = the modern point, one-pointed implement for the rough dressing of
hard stones.

lithagogia = heavy transport of stone.
metopes = plain or decorated square panels above the architrave.
naiskos = small temple.

nymphaion = an architecturally arranged and decorated combination of
fountain and plants.

oikos = small temple without columns.

orthostates (or dado) = course of large, upright stones forming the lower part
of a wall.

peripteral = temple with colonnade on all sides.

poros = yellowish limestone, often with fossil shell inclusions; the com-
monest building material in ancient Greece.

pronaos = porch in front of the cella of a temple.

propylon = entrance, building.

pteron = exterior colonnade of a temple and the space behind it.

spelia or spelaion = cave.

stade (stadium) = ancient measure for long distances (1 s.= ca. 190 m).
stoa = long building with colonnaded front(s).

talant (s) = weight unit (= ca. 24 kg).

telesterion = hall for ceremonies.

tetrakykle = four-wheeled waggon.

toichobate = base of a wall.

tumulus = mound of earth on top of a grave or funeral chamber.
tykos = heavy implement for stonecutting; pick.
zeugetrophoi = owners of teams of traction animals.

SELECT GAZETEER

Akte = the west coast of the Piraeus peninsula.

Ardettos = the hill on the south side of the Stadium.
Areopagus = rock some 200 paces to the west of the Acropolis.
Asty = the city outside the Acropolis.

Brauronion = sanctuary of Artemis of Brauron on the Acropolis, to the SE of
the Propylaea.

Cyclades = the central cluster of islands in the Aegean Sea.
Dipylon (two gates) = the main entrance on the NW of Athens and its vicinity.

Hekatompedon = building (a temple in particular) 100 feet long. The Archaic
predecessor of the Parthenon.

Herodeion = the Odeion (Odeon) of Herodes Atticus at Athens.

1lissia = (1) name of the Ilissos river area to the east of Athens. (2) The man-
sion of Sophie de Marbois.

Kastella = the tallest hill of Piraeus.

Kastro tes Athenas = the Acropolis as a medieval citadel.

Kifisia = suburb, formerly a village, 14 km to the north of Athens.
Kephissos = the main river of the Athenian basin.

Kerameikos = the northwestern part of ancient Athens.

Koile = district of ancient Athens on and between the hills some 800m to the
west of the Acropolis.

Krene = fountain; the venerable fountain at the south foot of the Acropolis
rock.

Kyklovoros = one of the seasonal tributaries of the Kephissos river.
Marousi = suburb, the ancient Athmonon, 11 km to the north of Athens.
Mesogeia = the plains to the south of Mt Hymettus.

Mesogeitike Porta = gate of medieval Athens on the road to Mesogeia.

Mouseion = the formal name of the so-called Philopappos hill to the SW of
the Acropolis.

Munichia = the south harbour of Piraeus.

Old Temple = the temple of Athena whose foundations are visible close to the
south of the Erechtheum.

Olympieion = the large sanctuary of Zeus at the east end of Athens.
Parnes = the high range (1413m) 20 km to the north of Athens.
Phaleron = shore and harbour SW of Athens.

Phlya = the modern Halandri, 8 km to the NE of Athens.

Plataea = ancient city 50 km to the NW of Athens. The battle of Plataca took
place in 479 BC.

Pnyx = the large assembly place on the hill to the west of the Acropolis, where
the citizens of Athens convened.

Podoniftis (modern name) = the main eastern tributary of Kephissos.
Polis (city) = originally the name of Acropolis.
Preparthenon = the Older Parthenon.

IMPORTANT NAMES

Athena Polias = one of the different attributes of the goddess: the protector
of Athens.

Callimachus = famous leader of the Athenian army in the battle of Marathon
(490 BC).

Nike = the goddess Victory.
Nymphs = female deities of the forests, the fountains etc.
Pandion = mythical King and hero worshipped on the Acropolis.

Philopappos = benefactor of the 2nd c. AD whose monument still stands on
the Mouseion Hill.

Themistocles = Athenian statesman (ca. 524-459 BC). The father of the vic-
tory over the Persians.

Thucydides = the great historian (2nd half of the 5th c¢. BC).
Xerxes = King of Persia (ca. 520-465 BC).
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EPILOGUE

Acquaintance with the present state of the Pentele quarries’ environment with its laby-
rinthine road network can only lead to speculation and painful conclusions: quarrying
activities at Pentele in modern Greek times constitute in their entirety one of the finest
examples of how such important sites can be ruined by the absence of proper planning and
sheer profit-making greed. This shameful situation goes hand in hand with self-destructing
urban development, in particular in the form of the bulky buildings gradually encroaching
on much tried Mt. Pentelicon.
The extent of this sad phenomenon is accentuated when one, unavoidably, compares the
ancient with the modern quarries and roads. The earlier period was characterised by per-
fect planning, sobriety, and the maximum quantitative and qualitative use of the noble
stone. Human intervention on the site was governed by a fine sense of the aesthetic.
Today we are faced with the worst possible planning and robbing and waste of this
irreplaceable stone; in short, an act of sacrilege that has totally destroyed the
site’s natural and aesthetic qualities.



