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ABSTRACT

Ancient stonework is best understood as a complete operation: choose the stone, free it from the bed,
support it, move it through a real landscape, set it accurately, and leave a surface that can survive. Modern
discussions too often isolate one step, or scale a tabletop demonstration beyond what its mechanics will
carry. Drawing on a lifetime of practical stone handling and on full-scale experimental work for PBS
NOVA, a small pyramid and two obelisk-raising trials, this paper treats quarrying, hauling, and placement
as one connected chain rather than a search for a single clever trick. The central lesson of the experimental
record is that mass changes the problem: a sequence that succeeds at two tons can fail at twenty-five, and
unsuccessful trials, honestly reported, are often more informative than clean demonstrations. Egyptian
practice illustrates the point. The Nile and its canals served as the main transport artery, documented in the
diary of Merer and reinforced by the recent mapping of an abandoned Nile branch beside the pyramid
fields; on land, sledges on prepared and dampened surfaces, abrasive-assisted cutting of hard stone, and
gravity or removable support for final placement each solved a different part of the sequence. I set out an
evidence ladder to separate what is documented from what is demonstrated, mechanically plausible, or
merely proposed, and I argue that any claim about ancient stoneworking should be judged by whether a
complete, controllable sequence fits the surviving evidence and survives the contact pressures it imposes.
The craft is not mysterious. It is the accumulated memory of organized trials.

Keywords: experimental archaeology,; megalith transport; stoneworking, ancient Egypt; friction, wet sand;
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1. Introduction: Stone Is Honest

I have spent most of my working life with stone. It is an honest material. It tells you when the bedding is
wrong, when the load is not supported, when a lever is too short, and when a plan that looked good on
paper has forgotten gravity. A man can argue with another man. He cannot argue very long with a block
that weighs twenty tons. That is why practical experiments belong beside excavation, text, and
engineering calculation. Archaeology tells us what survives. Tool marks tell us what touched the stone.
Documents sometimes tell us who hauled it and where. Mechanics tells us what is possible under stated
conditions. Full-scale craft work tells us which “possible” sequence is controllable, repeatable, and safe
enough to finish. None of those sources should be asked to do the job of all the others.

My own public experimental work included a small pyramid, a Stonehenge-related experiment, and two
attempts to raise an obelisk for PBS NOVA. The pyramid was about six meters high, with a nine-meter
base and roughly 189 stones; the crew had three weeks and fourteen Egyptian masons. We did not
reproduce every Old Kingdom condition, and we never claimed to. We did learn where a roller stops
being useful, how a timber sledge behaves on sand, how a turning ramp changes the hauling problem, and
how the last courses are different from the first. Later, a sand-pit method for raising an obelisk worked at
approximately two tons and was then carried to a roughly twenty-five-ton stone. The larger trial exposed
the weak points that the small one hid (Public Broadcasting Service [PBS], n.d.-a, n.d.-b, n.d.-c). The
purpose of this paper is to offer a craft-based synthesis of ancient quarrying, hauling, and setting as one
connected chain of operations, and to propose a plain standard of evidence for judging claims about how
that work was done. Where 1 draw on my own practice, I say so, and I try to keep what I can demonstrate
separate from what I can only make plausible. The argument is deliberately unglamorous. It holds that the
mystery attached to ancient stonework is mostly a failure to think about the whole sequence at once.



2. Basis, Method, and Standard of Evidence

2.1 A practitioner’s technical perspective

This is not an excavation report and does not present newly recovered artifacts. It is a technical
perspective grounded in long practice, published experimental and archaeological evidence, and
transparent reasoning. The practical contribution is not a secret ancient device. It is the habit of treating
transport as a system: stone, support, surface, slope, weather, labor, rope, braking, steering, and the final
few inches of placement.

A small example shows how I try to hold that standard. In my own stone-setting practice, I have
sometimes used sacrificial ice at the contact point beneath a heavy stone. The block slides while the ice is
present; as the ice melts, it settles onto its permanent support without the need to recover a thick roller or
bearing from underneath. I return to this in Section 3.5. I mention it here only to be clear about the
standard: this is a real technique I can demonstrate at the scale of setting a stone, not a proven account of
how any ancient monument was built. It supplies a mechanism worth testing that others have never
considered, and nothing more. The evidence ladder in Table 1 exists to keep that distinction visible
throughout the paper.

Table 1. Evidence ladder used throughout this paper.
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reported conditions. friction tests (Fall et al., 2014).
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plausible are declared, but not historically attributed. Sacrificial ice as a low-friction setting interface.

A specific reconstruction offered for
Proposed experimental test before it is asserted as
history.

A full hauling-and-setting sequence for a
particular block, staged for measurement.

2.2 What scaling does, and does not, allow

Small models are excellent for finding a sequence and poor for proving a full-scale operation. The
geometry may scale, but timber crushing, rope stretch, surface failure, turning radius, heat generation,
rutting, and human coordination do not all scale in the same way. A two-ton stone can cross a patch of
ground that will collapse under two hundred tons. A sledge that starts with a shove at a small scale may
require a large peak force at rest. Every serious experiment must report the mass, slope, contact area,
surface preparation, temperature, speed, and failure events. “It moved” is the beginning of a result, not the
end.

I therefore use order-of-magnitude reasoning rather than claims of exact crew size. A puller’s sustainable
force varies with footing, harness, cadence, skill, and duration. Rope systems add losses. A descent
reduces pulling demand but increases the need for braking. In this kind of work, the most dangerous
calculation is the one that counts only the force needed after the stone is already moving.

3. Ancient Stoneworking as a Chain of Operations

The organizing claim of this paper is simple. A large ancient move is not one problem but five, arranged
in order, and each one imposes constraints on the others. Figure 1 states the chain that the rest of this
section follows.
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Each link imposes its own constraints; a method that leaves any link open is an idea, not an explanation.

Figure 1. Ancient stoneworking as a connected chain of operations. The subsections below follow this order.

3.1 Select the bed before cutting the block

The first tool is judgment. A mason reads bedding, joints, veins, weathering, sound, and access before he
spends labor making a block. The biggest surviving quarry stone is not automatically the best candidate.
The clearest surviving proof is the Unfinished Obelisk at Aswan, a single granite shaft that would have
been the largest ever raised had fissures not opened in the rock during extraction. The quarrymen
recognized the cracks, judged the stone unserviceable, and abandoned it in place (Arnold, 1991; Stocks,
2003). That is not a failed civilization. It is quality control recorded in stone, and it is a reminder that
ancient crews rejected work for the same reasons a good mason rejects it today.

The sequence begins with survey and extraction planning. The quarry floor must carry men, animals if
used, timbers, and spoil. Drainage matters. An exit gradient that looks slight to the eye can decide
whether a monolith is pulled, restrained, or impossible to steer. Prepared working surfaces, water supply,
and a graded outlet should be read as infrastructure, not scenery (Arnold, 1991).

3.2 Freeing stone with simple tools

“Primitive tools” is a misleading phrase if it means crude thinking. Stone hammers, pounders, picks,
chisels, wooden or metal wedges, levers, saws, drills, and abrasive slurry form a sophisticated tool kit
when their material limits are respected. In softer limestone, channels can be cut around a block and the
underside approached along bedding or with galleries. In hard stone, copper alone is not doing all the
cutting; abrasive grains carried by a saw or drill can do the work while the metal guides and renews the
cutting surface (Gorelick & Gwinnett, 1983; Serotta, 2023; Stocks, 2003).

A quarrying reconstruction should explain the spoil. It should also explain tool access, tool renewal, water
supply, and how the underside is supported while the last connections are severed. The last cut is often the
most consequential one. A large stone freed without a prepared bed can settle, twist, or crack before
transport begins, which is exactly the failure the Aswan obelisk records.

3.3 Support, reduce friction, and distribute load

There is no universal ancient transport device. A sledge spreads load and gives rope a stable body to pull.
Rollers can be effective on a hard, well-prepared surface, but they concentrate pressure and must be
recovered and fed continuously. In our pyramid experiment, rollers behaved well on concrete and badly
on loose sand. A timber sledge on dampened material could behave very differently. Experimental
research now confirms that a modest amount of water can stiffen sand by capillary bridging and reduce
the plowing resistance ahead of a sliding object; too much water removes the benefit (Fall et al., 2014).
Figure 2 shows the mechanism, and it matches the tomb scene at Deir el-Bersha in which a laborer pours
water on the ground ahead of a colossus on a sledge.
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Figure 2. Why dampened sand hauls easier than dry sand. On dry sand the runner plows a berm; on damp
sand, capillary bridges stiffen the surface and cut the plowing resistance (mechanism after Fall et al., 2014).

Prepared timber ways, stone tracks, compacted earth, slipways, and sledges should be judged route by
route. Harris (2018) has cautioned against treating free rollers as the default explanation for every large
ancient move. The archaeological question is not which device is most familiar to us. It is which complete
system leaves evidence compatible with the site and can survive the imposed contact pressures.

3.4 Use water as a road

For Egyptian stone transport, the Nile and its connected canals were not incidental. They were the main
highway. The diary of Merer records the movement of fine limestone from Tura by boat toward Khufu’s
pyramid works at Giza (Tallet, 2017). Recent remote sensing and sediment work has mapped a
now-abandoned branch of the Nile beside a long chain of pyramid fields, strengthening the case that
water access organized monument logistics (Ghoneim et al., 2024). Granite from Aswan and limestone
from Tura were not dragged the whole way across open desert because a more capable road was already
flowing north.

Water transport still requires hard work: quarry-to-quay transfer, loading, hull capacity, seasonal depth,
unloading, and final ascent. Yet buoyancy and the river’s longitudinal continuity replace miles of
terrestrial sliding. Ancient builders used nature as part of the machine. That principle, not any single
device, is the broader lesson, and it recurs at every well-documented site: find the road that already exists
before building one.

3.5 Place the stone by controlling support

Moving a block across country and setting it within a wall are different operations. Near its destination,
speed is a liability. Levers, cribbing, packing, ramps, sand, and carefully removed support provide finer
control than a large hauling gang. In the obelisk experiments, the sand-pit idea was simple: let the stone
descend as sand is removed, then complete the rotation with controlled pull. The two-ton trial worked
cleanly. Scaling toward twenty-five tons revealed how sand discharge, pit geometry, rope position, and
stone integrity govern the result (PBS, n.d.-b, n.d.-c).

Sacrificial ice belongs to the same family of setting methods. A block can be brought to its final position
resting on ice at the contact point; as the ice melts, the stone lowers itself onto its permanent bed, and the
interface simply disappears as water. That is attractive because the final support need not be pried out
from under a fully loaded block. The mechanism is not exotic: it is simply a low-friction interface that
removes itself on melting, and I have used it in my own setting work. But it is a placement aid, not a
transport theory, and it must be managed: meltwater, differential settling, and uncontrolled rotation are the
failure modes. A clever last inch can be more valuable than a heroic first mile, and it is far easier to test.



4. Lessons from Full-Scale Experimental Work

4.1 The small pyramid

The NOVA pyramid was intentionally compressed in scale and time. It was not a duplicate Great Pyramid
and could not settle the population, schedule, or administrative structure of Khufu’s project. What it did
provide was a sequence of practical observations. Quarrying, dressing, delivery, ramp construction,
turning, and upper-course placement competed for the same labor and space. When a team stands beside a
two-ton block, details that disappear in a drawing become obvious: rope angles foul corners; a sledge
drifts; a ramp edge breaks; the next stone has nowhere to wait.

The experiment also reinforced a point that ancient crews would have learned early: transport media are
conditional. Timber rollers are not “good” or “bad.” They are good on one surface and bad on another.
Wetting the right sand can help; wetting the wrong foundation can weaken it. A wrapping ramp can save
material and maintain access, but turning a loaded sledge around a corner requires room, anchor points,
and coordinated steering. The value of experiment is that it converts a noun, “ramp,” into a working verb.

4.2 Obelisks and the value of an unsuccessful attempt

The obelisk work is important because the larger attempt did not simply repeat the smaller success. A
method may be conceptually sound and operationally immature. Scaling exposed the need to control the
rate and symmetry of sand removal, prevent binding, manage rope loads, and protect the stone during
rotation. In practical science, a failed attempt is not an embarrassment if the conditions and failure are
reported. It narrows the next design. This is the same lesson the Aswan quarrymen left us: knowing when
to stop is part of the craft.

Ancient engineering was probably advanced in the same way: not by one flash of insight but by
generations of accumulated corrections. The earliest attempts at the true pyramid were not uniformly
successful. During Egypt’s transition from step pyramids to smooth-sided “true” pyramids, there is good
evidence that builders encountered real structural and engineering problems. The clearest example is the
Meidum Pyramid, associated with Sneferu. It was originally constructed as a stepped pyramid and
subsequently transformed toward a smooth-sided pyramid. Much of its outer masonry eventually
collapsed, leaving the unusual tower-like core seen today surrounded by enormous quantities of debris.
Then comes Sneferu's Bent Pyramid at Dahshur. Its lower portion rises at a very steep angle, while the
upper portion abruptly changes to a shallower slope. A traditional explanation is that the architects
recognized stability problems, including cracking, settlement, or excessive stresses and reduced the angle
to decrease the load and prevent failure. Structural research confirms that the designers were dealing with
complicated stresses and construction changes. Then Sneferu built the Red Pyramid, which used a
shallower slope from the beginning and became the first very successful large-scale true pyramid.
Whatever the precise cause of each alteration of earlier pyramids, the surviving monuments document a
period of practical experimentation in which failures and design modifications preceded the mature
engineering represented by the Red Pyramid and, ultimately, the Great Pyramid. Templates, crew
traditions, foremen, quarry knowledge, and monuments themselves stored that experience. The
extraordinary finish of ancient work should not be used to make its builders mysterious. It should make us
respect how much organized trial and memory their crafts contained.

5. Discussion

5.1 The whole system matters more than the clever part

Ancient-megalith arguments often begin with the hardest-looking object and search for one dramatic
answer. A working quarry crew would have thought in linked tasks. The stone has to be sound. The bed
must release it. The sledge must accept it. The road must bear it. The ropes must reach useful anchors.
The crew must see and hear commands. The load must stop. The next block must not be trapped behind it.
The foundation must be ready when the stone arrives.



Water, sand, timber, and gravity are not rival explanations. They are resources that can be combined. At
Giza, river transport can lead to sledges on prepared ways, then ramps, levers, packing, and final dressing.
At a hard-stone quarry like Aswan, careful undercutting, abrasive shaping, and river loading form their
own sequence. The scientifically useful question is not “Which single trick did they use?” but “Which
sequence best fits the surviving evidence and closes every operational gap?”

The chain also exposes why some popular reconstructions feel satisfying yet explain little. Cast-stone
proposals, which hold that pyramid blocks were poured from a limestone-based artificial stone rather than
quarried and hauled, answer two links by deleting them: if the stone is cast in place, there is nothing to
free and nothing to move. They must then explain the quarries whose tool marks fit the blocks, Merer’s
boat logs of limestone shipped from Tura, and the granite elements that no such casting produces.
Lost-technology arguments, read from drill cores and vessel interiors, concentrate on a single link, freeing
and finishing, while leaving transport, ramp logistics, and placement untouched, and they set aside the
abrasive methods that reproduce the same marks by experiment (Gorelick & Gwinnett, 1983; Stocks,
2003). Each is a confident answer to one question that goes silent on the other four. That silence is the
tell.

5.2 What experiment can and cannot settle

Full-scale experiment is powerful for a specific reason: it converts arguments into events. A method that
cannot be made to work at scale, under stated conditions, is not a serious historical candidate, whatever a
drawing suggests. But the reverse does not follow. A reconstruction that succeeds proves feasibility, not
authorship. It shows that a sequence is available to human labor and simple tools; it does not show that a
particular ancient crew chose it.

The honest experimenter reports the mass, the surface, the failures, and the labor, and then stops short of
claiming the past. This restraint is not a weakness. It is what separates experimental archaeology from
spectacle. When a trial is offered as proof of how a monument “must” have been built, it has usually left
the evidence behind. The most a good experiment earns is a place on the ladder of Table 1, one rung up
from speculation, not a verdict on history.

6. Conclusion

A lifetime with stone has left me suspicious of both miracles and easy answers. Ancient builders did not
need modern motors to be intelligent. They needed sound material, patient preparation, accumulated craft
knowledge, reliable organization, and a willingness to let nature carry part of the load.

The best-supported ancient methods already show that principle. Egyptian builders used the Nile as a
transport artery, sledges and prepared or dampened surfaces on land, abrasives to make modest tools cut
hard stone, and gravity or removable support to control placement. Experimental work supports these
mechanisms while also showing that scale exposes new failure modes that no small model can reveal.

The lesson I would leave is a habit of mind rather than a device. Treat every large ancient move as a
system, and ask of any proposed method whether it can free the stone, bear it, steer it, stop it, and set it, in
that order, without a gap. A method that cannot close every one of those gaps is an interesting idea, not a
finished explanation. If it can, it earns a place in the ancient engineer’s tool chest. Either way, the stone
gets the last word.

Perhaps that is the larger lesson these monuments leave behind. The distance between impossible and
practical is often not some lost machine or forgotten technology, but thousands of small decisions made
correctly: where to cut, where to brace, how to reduce friction, when to use water, when to let gravity
work, and when to stop. The monuments are extraordinary not because their builders somehow escaped
the laws of physics, but because they learned to work with them. In that sense, their greatest technology
may have been accumulated human experience itself.
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