of the Conservation Cenfer is to turn
out not only professional conservators
but also a new type of curator with a
fundamental knowledge of materials
and structures of works of art, with
some experience in applying conserva-
tion techniques, and with a thorough
grounding in history of art—all on the
graduate level. Curators with this spe-
cial background will eventually fill po-
sitions of responsibility in our larger
museums, where the care and mainte-
nance of collections is as important as
their interpretation. Those who com-
plete the four years of training and
qualify for a diploma in Art Conserva-
tion will be in demand to head museum
conservation laboratories, which are be-
coming more numerous and more im-
portant all over the country. Others
may find private work in conservation

more interesting and lucrative. Private
conservators will have the task of car-
ing for the vast cultural holdings still
in private hands. Their work will be as
important as that of workers in museum
laboratories. Like university graduates
in the established professions such as
medicine, engineering, and the military
services, graduates in art conservation
may find that their specialized training
qualifies them for varied careers. There
is little doubt that the standards set by

~ this university-level training program in

art conservation will raise conservation
standards all over the country. We may
look forward to the establishment, on
the basis of such foundations, of min-
imum professional requirements and
even to state licensing for art conserva-
tors. Men trained in the Conservation
Center of New York University will

Sarsen Stones of Stonehenge

How and by what route were the stones transported?
What is the significance of their markings?

The concentric stone circles of Stone-
henge, England, consist of two main

types of stone, bluestone and sarsen..

Both have been transported many miles
from their original outcrop areas, the
bluestones from the Prescelly Hills 140
miles to the west (I), the sarsens from
the chalk Downs 21 miles to the north.
To date, the bluestones, because of the
greater distance transported, have re-
ceived the greater attention, although
the sarsens are larger and several times
heavier.

Sarsens, in their natural state, consist

of large blocks of silicified sandstone
that lie at certain localities on the
Downs. The nearest outcrops to Stone-
henge are shown in Fig. 1, and there is
no evidence to suggest that the stones—
some weighing as much as 50 tons—
were moved to Stonehenge by agencies

The author is a member of the staff of Carleton
University, Ottawa, Ontario, in the department of
geology. He is currently visiting research profes-
sor at the University of Tasmania, Hobart, Aus-
tralia.,
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other than human. The problem is, how
and along what route were the stones
transported? At the time of movement,
in the early Bronze age (about 1500
B.C.), there were supposedly no wheels
in Britain, no beasts of burden, and,
other than rawhide, no rope (2).

Route

In the only study of the transporta-
tion problem to date, Atkinson (3) sug-
gested that the Stonehenge sarsens

* originated on the Marlborough Downs,

because the largest outcrops occur there
today. According to him, selected
sarsens were dragged to Avebury,
“plessed,” then dragged one at a time
on sledges over hardwood rollers to
Stonehenge. To avoid the steep descent
of the chalk escarpment, Atkinson
swings his route westward to cross the
Vale of Pewsey at its narrowest point
(see Fig. 1) and, using this route (3,

have an influence with museum admin-
istrators that artisans could never have
achieved. They will help frame policies
and introduce practices that will extend
the life of cultural objects many hun-
dreds of years.
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p. 115), calculates that the 81 sarsen
stones were moved one at a time at an
average speed of a half mile a day and
that the task occupied 1500 men for 10
years. Later (4) he suggested that the
minimum hauling party for the heaviest
stone would have been 100 men most
of the way and 450 up Redhorn Hill.
These figures are for the haulers only
and do not include the additional men
required to shift the rollers and steer
the sledge.

Despite the advantages, there are six
objections to Atkinson’s route. (i) The
labor requirements are large. (ii) The
route is 4 miles longer than necessary.
(iii) A surprising number of sarsens out-
crop south of the Kennet; many admit-
tedly are smaller than those on the
Marlborough Downs, but this may
simply mean that the larger stones have
been removed. (iv) Avebury does not
lie on the direct route to Stonehenge.
(v) It would be easier to have the stones
blessed in situ. (vi) The ascent of Red-
horn Hill is unnatural and unnecessary,
and more than negates any advantage
of the detour.

A possible alternative route (5),
based on field work undertaken during
1958, is suggested in Fig. 1. It has the
following advantages. It is shorter than
Atkinson’s route and is essentially down-
hill for 17 of its 21 miles. It would ac-
count for the pebbles of opalescent
quartz found in some of the Stone-
henge sarsens, because opalescent
quartzes occur in sarsen outcrops at
Lockeridge (6), which is on the route.
It also connects with the Stonehenge
avenue at Amesbury, and there is thus
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Fig. 2. The Avon at Upper Woodford, 4 miles south of Amesbury, looking south.

(Width of river, 8 to 15 feet; average depth, 2 feet.)

no need to explain how the sarsens
were dragged across the avenue.

This alternative route may be divided
into five stages: (i) a steady but gentle
climb for 3 miles from Lockeridge
(500 feet) to the saddle (708 feet) be-
tween Walkers Hill and Knap Hill, with
a possible subsidiary route at Huish; (ii)
a slide or slides down the chalk escarp-
ment; (iii) the crossing of the Vale of
Pewsey; (iv) the journey down the
Avon Valley; (v) the journey up the
avenue from Amesbury. For the mo-
ment it may be assumed that the stones,
except in stage (ii), were hauled in the
“conventional” manner, on sledges
over wooden rollers.

The free slide assumed for stage (ii)
would have been the easiest, fastest,
and safest way of lowering the sarsens
the necessary 150 feet. The location of
the slides is conjectural, but the loca-
tions shown are thought to be the most
likely. Slides at these locations would
have been the steepest and the shortest,
and the nearest to the gaps through
the Downs. The areas are sheltered
from the westerly winds and are also
partly sheltered from the sun. The
slides may have been over snow, grass,
or bare chalk. The sarsens may have
been slid downhill on their sledges or
tipped off and slid down on their own,
to accumulate at the bottom to await
the next stage of their journey. If this
sliding-without-sledges was the method
used, the stones might have been slid
broadside over debarked tree trunks
-laid on (and pointing down) the hill-
side and fitted together end to end.

Along the Avon valley [stage (iv)]
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the route lies east of the river, to avoid
the two tributaries. The stones, if the
depth of water were the same as today
(2 feet), could not have been floated;
they must have been dragged, and in
places, to avoid river bluffs, they may
have been dragged through the water
for some little distance (with the inci-
dental gain of buoyancy). The number
of river crossings is unknown: mean-
ders may have changed position. To
judge from the present position of me-
anders, however, only one or two Cross-
ings would have been necessary.

The idea that the stones might have
been accumulated at staging points is

Fig. 3. The heelstone, Stonehenge looking north. 4-B older bollard marks; D, younger

logistically attractive. Each stage of the
route presents its own problems, and
each, for maximum efficiency, might
have been the responsibility of one
group of workers. Eating and sleeping
arrangements would have been simpli-
fied, and the distance that each group
would have had to travel would have

- been decreased.

Climate

So far it has been assumed that the
climate and vegetation in 1500 B.C.
were essentially the same as today.
Climates, however, have changed re-
peatedly in the past and are changing
today. :

The changes since the last maximum
of the Wiirm or Wisconsin glaciation
are outlined by Brooks (7); according
to him, “the sub-boreal climate (2500-
500 B.c.) was peculiar. On the whole
there was a gradual decrease of tem-
perature and rainfall from the Climate
Optimum [(8)], but this was interrupted

_ by long droughts in which the surface

of the peat dried up, followed by re-
turns to more rainy conditions. This
alternation occurred several times, the
main dry periods falling about 2200-
1900, 1200-1000, and 700-500 B.C.”
Unfortunately, much of the evidence
for climatic change “beyond the reach
of the very short instrumental record is
vague, and most of it is purely qualita-
tive” (9). As for the local scene, Ken-
nard and Woodward (10), from find-
ings of nonmarine mollusks, concluded

bollard marks; arrows spalling. (Scale: the book is 9 inches high.)
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that the rainfall in Wilishire was “much
heavier,” the downs ‘“more wooded”
(with beech), and the water table “much
higher” than at present. On the other
hand, Atkinson (4) thinks that the
local climate was “distinctly drier,” be-
cause wind-blown silt is found “not
merely in the Y and Z holes of Stone-
henge itself, but also in the ditches of
broadly contemporary round barrows.”
Dimbleby (117), after preliminary pollen
sampling from Windmill Hill, 1 mile
northwest of Avebury, concluded that
“the downs were more wooded, mainly
with hazel” but hesitated “to translate
such observations into terms of cli-
mate.”

Willett (72), from data on sunspots
for A.D. 1750 to 1950, derived a cycle
of 80 to 90 years “consisting of alter-
nating phases, each 40-50 years long,
of maximum and minimum sunspot ac-
tivity corresponding to nonglacial and
glacial conditions respectively.” Colder
periods of longer duration are known to
have existed before 1750, but it would
be unwise to extrapolate sunspot infor-
mation back to 1500 B.c. (1/3). On the
other hand it is reasonable to assume
that climatic fluctuations—duration and
cause unknown—existed then as now.
Accordingly, cautious speculations may
be made about the effect of (i) a wetter
climate and (ii) a colder climate on the
transportation problem.

A wetter climate implies that the
Avon was deeper and wider, and that
the sarsens could have been floated
downstream. Today, the average depth
and width of the river are 2 and 10 feet,
respectively (Fig. 2). A medium-sized
sarsen block, 25 by 4 by 214 feet, lying
flat-side-down on a 25- by 12-foot
wooden raft, would require a minimum
depth of 5.6 feet (/4). Whether the
river was ever as deep as this would be
difficult to determine; the whole river
valley is artificially channeled.

The possibility that the Avon was
dammed at, or below, Amesbury to ob-
tain the required head of water has to
be considered. Technically, the sarsen
movers were quite capable of construc-
ting a timber or earth dam; Silbury
Hill (/5), an earth mound 130 feet
high, is a monument to their industry
and skill. The evidence for such a dam,
however, has yet to be found, and
moreover, unless the regional water
table were markedly higher than it is
now, it would have been difficult to
maintain the required level, for chalk
makes a poor reservoir rock.

A colder climate does not imply that
conditions were polar or subpolar—
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merely that winters were slightly colder
than at present. In fact, as shown by
Niven (/6), subzero temperatures
would have worked against the sarsen
movers.

On ice, the sarsens could have been
moved by a comparatively small num-
ber of men using sledges. One man
properly shod can move a 2-ton Eskimo
komatik (17), so 25 men could move
the largest, 50-ton sarsen. Niven (I8)
believes that, once the sledge had been
started, the number of men could have
been reduced to 15, especially if, as be-
lieved, the sledge were moving down a

gentle slope. The river, however, would
have had to be frozen solid—a condi-
tion which presupposes severe conti-
nental winters.

Under less extreme climatic condi-
tions there would have been packed
snow, not ice. On average packed snow,
one man can move a l-ton komatik,
and thus 50 men could move the heav-
iest sarsen. Unfortunately, “average”
snow is difficult to define.

Snow deposits may be classified into
five groups (19), of which, if the cli-
mate of prehistoric Britain did not dif-
fer too much from today’s, the wet,

Fig. 4 (top). The lower half of the northeastern (inner) face of sarsen 16, Stonehenge.
Three of the five grooves are indicated. The three crouching “figures” are in the center
and at lower left (the figures are difficult to photograph; they show more clearly in
color). (Scale: the book is 9 inches high.) Fig. 5 (bottom). A drawing made from Fig. 4
to show figures and tooling marks.
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Fig. 6. The northwestern edge of sarsen 16—a close-up of the three grooves shown in
Fig. 4. [Scale: the coin (at top, center) is 1.2 inches in diameter.]

Fig. 7. The northeastern side of sarsen 60, 3 feet above the ground. Note the faint
concentric circles (labyrinth pattern ?) approximately 4 inches to the right of the coin.
In the photograph the circles appear to be younger than the main grooving but older
than the whetstone mark which is superimposed on the southeastern perimeter of the
circles. [Scale: the coin (left of center) is 1.2 inches in diameter.]
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soft, fluffy snow of group 4 and the
slush of group 5 would have been most
common. When fresh, snow of the
group-4 type offers considerable resist-
ance to forward motion, although when
packed its resistance decreases. Slush
offers minimum resistance, “provided
there is a solid foundation of snow or
ice” (19). The best combination of
snow and ice for heavy-duty transporta-
tion would be “ice roads” made from
packed snow by the repeated passage
of sledges or by the spraying or spilling
of water. Although such roads have
been used in northern Europe and
North America for centuries, two in-
teresting and related facts in this con-
nection are not generally known.

First, insofar as the kinetic friction of
ice is concerned, Amonton’s law (20)
does not always hold true. After a cer-
tain load is put on a sledge, “the drag
increases but little by additional
amounts” (21). Second, the best tem-
peratures for moving very heavy loads
are those just below 29°F, temperatures
common in Britain in winter. Subzero
temperatures on the other hand would
increase frictional drag very markedly
(22). Furthermore, to increase the lon-
gitudinal flexibility of the sledges and to
improve handling and maneuverability,
the stones were probably moved [except
in stage (ii)] with their curved side
downward and their flat side uppermost.
This would also make it easier for the
movers to re-start a frozen-in sledge.

The sarsens may have been moved
along part of the route at night, par-
ticularly in the spring, when the best
ice conditions obtained. With the
Lockeridge-Avon Valley route and a
prepared surface, each stone could have
been moved in stages to Stonehenge at
a slow walking pace, and its total time
in transit could well have been less than
a week. Green (23) believes that “If
the blocks were dragged over grass dur-
ing the summer months there would be
the difficulty of providing labor at the
time that labor was needed for agricul-
ture. If however the blocks were trans-
ported during the winter, labor would
be more readily available and the trans-
portation of the stones would provide a
social event to relieve the relative inac-
tivity of the winter months.”

If Newall (24) is correct in suggest-
ing that .the Stonehenge sarsens were
laid out as they were to observe not
the midsummer sunrise but the mid-
winter sunset, the main ceremonies
would have been at dusk, and they
might have been synchronized with
those at Avebury by signal fires. The in-
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tersection in Sidbury Hill of the Stone-
henge axis and the approximate axis of
the Avebury avenue might not, there-
fore be coincidence (25).

To sum up, the suggestion that the
accumulation of snow (or the amount
of frost) was greater at the time the
sarsens were moved cannot be proved,
but it cannot be disproved. Since glacial
times the climate has gradually become
warmer, and as many as 13 minor oscil-
lations of moisture and temperature are
reported (26). In fact it might, even
today, be possible to move the sarsens
by sled to Stonehenge from one point
to the next during selected winter pe-
riods.

Markings on the Stones

Although Stonehenge, the “most cele-
brated monument in Europe,” has been
the subject of numerous monographs,
prehistoric carvings were discovered on
the sarsens only in 1953 (27). Of the
carvings the most important is a “My-
cenaean” dagger—a finding which sug-
gests that a Mycenaean architect may
have supervised the erection of the
stones. Of other man-made marks the
only ones described before 1953 were
tooling and dressing marks (28). Even
today no marks indicative of quarrying,
transportation, or erection are men-
tioned in the literature.

Current work has disclosed some
undescribed markings on the heelstone
and on sarsens 16, 28, and 60.

The heelstone is set approximately in
the center of the avenue, outside the
main sarsen structure. It rises 16 feet
above the ground and is sunk an addi-
tional 4 feet in the ground. The stone
leans noticeably toward the center of
the avenue but, presumably, originally
was upright. The naturally smooth east
face has been polished and grooved.
There are markings which appear to be
bollard marks of two ages (Fig. 3). The
earlier (A-B) is at right angles to the
axis of the stone and was apparently
made before the stone heeled over (29).
It indicates that an object of some kind
was dragged along the ground away
from Stonehenge. The later bollard
mark is higher and opens out at both
ends.

As unpolished stone is highly abra-
sive, it is doubtful whether the polish-
ing was done originally by rope. The
stone might have been polished in prep-
aration for use as a bollard. The polish-
ing may not be prehistoric, but on the
other hand sarsen 55, diametrically op-
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posite the heelstone, has a bulbous pro-
tecting foot (28) above which material
has been removed and the stone has
been planed.

The most interesting marks are on
sarsen 16, a wedge-shaped stone which
like many Stonehenge sarsens has a
curved outer face and a flat inner one.
The marks are all on the inner face;
there are three crouching figures and a
series of grooves (Figs. 4 and 5). The
figures are superimposed on the pocked
“orange-peel” finish (30) of the stone
and appear to be younger than the
grooves on which the finish is superim-
posed.

The highest figure is the most prom-
inent. It seems in part natural—a freak
identified as “human,” and accentuated
—and may have served as inspiration
for the other two figures (one steato-

pygous), which appear to be wholly
man-made. These two figures, unlike the
other carvings of Stonehenge, are not
recessed but have been ground into the
rock surface with a stone maul or an
axe blade. The only other explanation
for the figures is that sarsen 16, at one
point on its journey to Stonehenge, was
levered and swiveled side to side, flat
face downwards, over hard round cob-
bles. It would, however, be difficult, if
not impossible, to produce “figures” by
this method.

The grooves on sarsen 16 are five
in number and occur only along the one
edge. Three of them are parallel. The
grooves may date from historic times
and may have been formed after the
erection of the stones—that is, sarsen
16 may have been used as a whetstone
for sharpening iron or steel implements.

Fig. 8. The northwestern edge of sarsen 60. The prominent grooves underneath the
orange-peel finish may be dressing marks. However, their position on the edge of the
stone is unusual (?) for dressing marks, and other interpretations are possible. [Scale:
the coin (center) is 1.2 inches in diameter.]
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However, the upper two grooves are too
high for this purpose; the orange-peel
finish, assumed to date from the time
of erection, is superimposed on the
grooves, and the grooves are confined
to one edge. On the other hand, if the
grooves were made by the builders of
Stonehenge, several interesting interpre-
tations are open to consideration. These,
in order of increasing probability (31),
are as follows. (i) Sighting marks—un-
likely (p, less than 0.1). The grooves
are too wide. They aim upwards into
the sky, and even if all sarsens were re-
erected, the grooves would sight open
sky. (ii) Counterweight marks (that is,
marks resulting from use of the stone
as a moving counterweight in, or on,
a crude balance or derrick)—unlikely
(p, less than 0.1). The stone is not rec-
tangular. It is wedge-shaped. Its center
of gravity is so off-center that any engi-
neering use is improbable. (iii) Dress-
ing marks—unlikely (p, less than 0.2).
The grooves are confined to one edge
and do not resemble the tooling or
dressing marks hitherto described. (iv)
Rope scars made in erecting or demol-
ishing the sarsen structure—unlikely (p,

less than 0.2). The marks are under-

neath the orange-peel finish. They are
too wide and too deep, and their longi-
tudinal axes are not sufficiently convex.
Moreover, the outer lips of the grooves
are sharp, whereas if made by ropes
they would be rounded. (v) Axe marks
—possible (p, less than 0.5). However
the grooves do not resemble other axe-
sharpening marks; they are too long
and too deep. Axe marks where only
the blade has been sharpened are flat
(3, plate 24a). Where the axe face has
been repeatedly resurfaced, a groove
does develop, but its longitudinal axis
would appear to be concave upwards
(32). (vi) Wedge marks—possible (p,
near 0.5). But normally only iron
wedges could cause such prominent
marks, and usually wedges are driven in
perpendicular to the working surface,
not at an angle. If, however, the wedges
were driven in by alternately lifting and
dropping a heavy weight—that is, by
gravity instead of by hammering—the
grooves would be parallel because they
would all originally have been vertical.
In this case, the working surface must
have been inclined. If wooden wedges
were used, the grooves could be made
by first filing a hole with a flint sand,
water, and wood stakes and then in-
creasing the diameter of the stakes un-
til the hole was ready to take the final
wedge (all of which seems unnecessary
and laborious).
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Finally (vii) we have the most
controversial interpretation—that the
grooves may represent slide or friction
marks caused by the stone’s sliding
downhill over wooden logs. This is per-
haps possible (p, ?) (33). The grooves,
especially the longest, “fit” logs (Fig.
6). Their longitudinal axes are slightly
convex, suggesting that the slide and
the hillside on which it rested were cor-
respondingly concave. If this interpre-
tation is correct the angle between the
grooves and the edge of the stone would
indicate that the stone did not move
downhill broadside on, but that the
thicker, heavier end led slightly.

Although there are grooves on other
sarsens, few appear to have been caused
by sliding. Most appear to be dressing
marks. Marks indicative of quarrying
and transportation, if originally present,
have apparently been obliterated. This is
perhaps to be expected, because the flat
inner faces, the ones which might be
expected to show friction grooves, have
been most carefully dressed. In addi-
tion, many stones are deeply weathered,
and the edges of many others are
chipped and destroyed.

Nevertheless, grooves are present on
sarsens 60 and 28 (Figs. 7 and 8).
Those on sarsen 60 were subsequently
used for sharpening axes. The groove on
sarsen 28 is high above the ground on
the northwestern edge. It is prominent
and horizontal, approximately 6 inches
wide and 1 foot long, and appears to
have a slightly convex longitudinal axis
(7). Below
grooves with concave longitudinal axes,
made apparently to remove a protu-
berance.

Sarsen 16, with its prominent grooves
and figures, might have been of special
significance and might have been the
first stone to have been slid downbhill.

Summary

A route via Lockeridge and the Avon
Valley, involving a slide down the chalk
escarpment, is postulated for the sarsen
stones of Stonehenge. The transporta-
tion problem would have been greatly
simplified if the stones had been relayed
from point to point over snow or slush
during successive winters. Markings on
the stones hitherto undescribed are in-
terpreted.
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