










FIGURE 26: Type 6, or cross stone 

FIGURE 27: Righthanded version of Type 7, or arrow stone 

Cramp sockets: The ancient builders of the Old World 

often used cramps to join building blocks which they thought 

subject to special stresses. The Greeks, for example, systemati- 

cally cramped or doweled together ashlars and other building 
elements to give continuity and structural integrity to their 

masonry. The cramps were of iron packed in lead; the lead 

protected the iron from rusting and thus prevented rust stains 
from marring the masonry.30 

The Egyptians cramped together most of their ashlar ma- 

sonry. They favored the dovetail shape and chose the wood 
from acacias or sycamores to make their cramps. Much less 

FIGURE 28: Building block showing the outline of a step molding and a U-shaped 

cramp socket 

FIGURE 29: Diagram of a niche with type 5, or architrave stone, at the top 

frequently, the cramps were of bronze, some of which were 

cast in situ.31 Jean-Claude Golvin, the head of the Centre 

Franco-Egyptien des Temples de Karnak, wondered about the 

usefulness of wooden cramps in perfectly executed and seated 
ashlar masonry and was puzzled by the fact that in several 

monuments the cramp sockets were empty, even in undis- 

turbed masonry. He eventually concluded that the wooden 

cramps had no structural function, but rather were used 
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FIGURE 30: Pumapunku: side wall of water channel with T-shaped cramp socket 

during construction. Building blocks were set in place on a 

thin film of wet clay. The wooden cramps kept the blocks from 

sliding out of position until the clay had dried. The cramps 
were then removed and reused on the next course.32 

Unlike these Old World examples, Tiahuanaco cramps 
were not universally applied; they are noticeably absent from 

the near-isodomic construction of the tiers at Pumapunku, as 

well as from the ashlar masonry at Akapana. The Tiahuana- 

cans seem to have used cramps very selectively and for special 

purposes. In both Akapana and Pumapunku, there are care- 

fully crafted and covered water channels, some 40 centimeters 

in width and 70 centimeters in depth. The side walls of these 

channels are built with upright stone slabs held together with 

T-shaped cramps [Figure 30]. The cramps' function here ap- 

pears to be to hold the slabs in the proper alignment. 
Substantial cramps of various shapes once pieced together 

the enormous sandstone slabs used in the construction of the 

four platforms at Pumapunku [Figure 31]. Presumably, the plat- 

forms served as a base for other structures, and possibly some 

gates. The cramps, then, lent the platforms structural continuity. 
The lintel fragments of Gate II at Pumapunku and of an 

unidentified gate bear tiny T-shaped sockets with pinholes at 

both extremes of the bars of the T. These sockets, about 3.5 cm 

on the side, are found on what was the gates' front sides, where 

other gates at Tiahuanaco are decorated with a frieze. It seems 

reasonable to assume that the tiny T-cramps were used to 

attach the ornamental equivalent of a frieze to these lintels. 

Recessed cramping: Most gates, or remnants of gates, includ- 

ing miniature gates, at Tiahuanaco feature rectangular "pock- 
ets" on their front sides, one on either side of the doorway, 

just as they can be observed on the celebrated Gate of the Sun 

(Figure 16). Most of these pockets feature one or two T-cramp 

sockets, pointing in one or two directions, suggesting that 

other building blocks were connected to the gates, either 

parallel or perpendicular to the gates [Figure 32, C]. Several 

gates have, in addition to such "pockets," niches with recessed 

162 JSAH / 56:2, JUNE 1997 



cramp sockets [Figure 32, B]. In several instances, the pockets 
and recessed cramp sockets on a gate line up vertically, indicat- 

ing that several blocks were stacked and attached to the gates. 
The spacing of the pockets and recesses is a measure of the 

height of each block or course. Each subsequent block would 

have hidden the pocket or cramping niche of the previously 
laid block. Recessed, or hidden, cramping in one or even two 

directions is, to our knowledge, unique in the world and 

bespeaks an innovative construction technique. 

Cramp material: The Tiahuanacan cramps were of copper, 
or an arsenic-copper alloy, and were made in an astonishing 

variety of sizes and shapes.33 Excavations conducted by the 

Instituto Nacional de Arqueologia (INAR) in 1989 at Puma- 

punku uncovered cramps in situ in the side walls of two water 

channels. The channel walls and the cramp sockets are at a 

slope of about 12?, but the cramps are level, indicating that 

they were cast directly into the sockets. The casting suggests 
that the masons were moving around the site with crucibles 

and were capable of producing temperatures high enough to 

melt the copper or copper alloy.34 
The use of cramps in masonry is not an obvious solution, 

especially if there are no precedents such as those that wood 

construction sometimes provides. It presupposes not only 
some experience with failed structures or unsuccessful con- 

struction efforts but also an understanding of the reasons for 

the failures. Unquestionably, the introduction of cramps repre- 
sents a major innovation in construction technology. As noted 

above, the use of cramps at Tiahuanaco is not universal. 

Further investigation may show under what conditions and for 

what kind of construction the Tiahuanacans used cramps. 
Also, if it were possible to associate the introduction of cramps 
with a known time frame, this would help us understand the 

development of Tiahuanaco construction technology. 
As mentioned at the beginning, cramp sockets are not 

unknown in the Inca heartland. Sockets of various shapes are 

found on blocks uncovered at the Qorikancha, and T-shaped 
sockets are well documented at Ollantaytambo. Unfortunately, 
and unlike the examples at Tiahuanaco, sockets on Inca sites 

cannot be observed in their original setting, since they are 

found only on displaced or reused blocks, and no cramps have 

been recovered in situ or elsewhere. To our knowledge there is 

no positive association of cramp sockets with Inca masonry. It 

is our hope that further study of cramps and their use at 

Tiahuanaco will help to clear up this vexing issue. 

Mortar: An alternative or adjunct to cramping ashlars 

together is the use of an adhesive, such as mortar. To our 

knowledge, the Incas never used mortar in their fine cut-stone 

masonry, but there are indications that the Tiahuanacans may 
have applied mortar in the construction of Pumapunku. A 

thin coat (1 to 1.5 millimeters thick) of whiteish material 

covering some of the stones on the first and second tiers of the 

south side of Pumapunku was identified as a layer of mortar. 

Bolivian archaeologists Pareja and Escalante analyzed the ma- 

terial and concluded that it was composed of clay, lime, and 

FIGURE 31: Pumapunku: sandstone slab with cramp socket. Scale in I 0-centimeter units 
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FIGURE 32: Pumapunku: righthand jamb of Gate III showing a variety of connecting 
features. A: simple T-cramp socket; B: recessed T-cramp socket in small niche; C: 

rectangular pocket with T-cramp sockets pointing in two different directions, 

suggesting the addition of building blocks parallel and perpendicular to the gates; D: 

cone 

fine sand in the proportions of 3:1:1.35 Workers of the Instituto 

Nacional de Arqueologia have informed us that it was ex- 

tremely hard to remove stones that were bonded with this 

material. What puzzles us is that even uncut and apparently 
unfinished areas are blanketed with the stuff. What was mor- 

tared to these areas? Given their unevenness, the mortar must 
have been applied in very thick layers, but only traces thereof 

remain. Even more puzzling is the fact that what looks like the 

same material is found on bedrock in the Quimsachata Range, 
some ten kilometers southeast of Tiahuanaco. An analysis of 

this material is currently underway. 
Cones: The Gate of the Sun and the jamb fragments of 

Gates I, II, and III at Pumapunku exhibit sugarloaf- or cone- 

shaped recesses [Figure 32, D]. The cones are carved into the 

bottom of the jambs on either side of the gates with an 

additional cone, vertically aligned and similarly oriented, in 

the upper, inner corner of the type 2b niches flanking the 

gates. In each case, a small hole is drilled from the face of the 

gates into the cone near its apex. We have not yet been able to 

elucidate the purpose of these cones, but one could imagine, for 

example, that some object was inserted into a cone and held in 

place by a pin pushed through the drill hole. Similar cones are 

found on one big block atop the Akapana, and miniature cones 

can be seen on at least one small block in the Kalsasaya. The 

large cones were pounded out, as revealed by the pit marks 

inside. Given the depth of these cones (18 to 22 centimeters), it 

appears likely that the pounders, or hammerstones, were hafted. 

TRANSPORTATION AND HANDLING 

It has always been a subject of speculation how ancient civiliza- 

tions which did not know the wheel transported stones weigh- 

ing a hundred metric tons or more over long distances. In most 

instances, however, the solutions to the problem were decep- 

tively simple. At Ollantaytambo the Incas dragged the large 
monoliths from the quarry to the construction site.36 There is 
little doubt that the Tiahuanacans did the same; many blocks 

have telltale drag marks on at least one of their broad faces. 

Bosses and leverage notches: Historic records suggest that 

to elevate building blocks onto a rising wall the Incas built 

embankments or ramps. One such ramp can still be seen at 

Sillustani near Puno on Lake Titicaca. But to handle the stones 

and set them into their final position the Incas also resorted to 

handling bosses and levering notches. Many Inca walls are still 

adorned with bosses of many shapes at the bottom edges of 

building blocks. The various shapes served different purposes.37 
At Tiahuanaco there are only a few blocks with bosses, and 

levering notches do not abound. However, several building 
blocks at Tiahuanaco have grooves 2 to 3 centimeters in width 

and depth, on two adjacent faces [Figure 33]. These grooves 
most likely held ropes used to position the blocks. In addition 

to these narrow groves, one finds at Pumapunku, in particular, 
a variety of channels of different shapes, some up to 15 to 18 

centimeters wide and deep, the function of which is not 

FIGURE 33: Grooves 2-3 centimeters in width and depth on two adjacent faces of a 

stone may have served to position building blocks with ropes. 
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FIGURE 34: Hoisting grip 

obvious and is in need of investigation. The position of some 

of these channels diagonally across the corners of large slabs 

suggests that logs were slid through them to lift the slabs. 

Hoisting grips: Some blocks feature elaborate cutouts of 

grooves and communicating drill holes [Figure 34]. For lack of 

a better term, we call such cutouts "hoisting grips" because 

ropes could be threaded through the holes and used to lift 

blocks. These grips are ingenious, for in contrast to bosses, 
which must be removed when between two stones, hoisting 

grips allow the tight joining of neighboring stones with the 

ropes in place. Not many remaining blocks are equipped with 

hoisting grips, suggesting that the Tiahuanacans made only 
sparing use of these grips. One might argue that carving a 

hoisting grip is a lot of work for a small advantage. However, 
Protzen's experiments in setting down finely wrought stones 

without damaging the edges showed that this is one of the 

most difficult aspects of assembling an Inca-like wall. The task 

requires precise control over the stone's movements, some- 

thing that is not easily achieved with levers. Suspending the 
block above and gradually lowering it into position would have 
resolved most of the difficulties encountered in the experi- 
ment. Thus, hoisting grips fulfill a very definite function. An 

analysis of the types of blocks with grips may yield clues to 
where and under what cricumstances grips were used. 

The noted differences between Inca and Tiahuanaco stones 

suggest that the Tiahuanacan had a broader repertoire of 

lifting and handling techniques than the Incas. The Tiahuana- 

can techniques are more akin to those observed in the Old 

World, where grooves and drill holes for holding ropes were 

well known.38 In its form, however, the Tiahuanaco hoisting 

grip is probably unique in the world. 

TOOL KITS 

The known and documented tools of the Inca construction 

trade are hammerstones, bronze pry bars, plumb bobs, and 

ropes. Although several exemplars of chisels are held in Peru- 

vian museums, judging by the tool marks on building stones, 
chisels were not used to cut or shape them. Evidence in the field 

points to the occasional use of some sort of saws or files, and of 

grinders.39 The Inca builders probably used some kind of mea- 

suring device. Some chronicles mention the use of (measuring?) 
cords to lay out buildings, and John Rowe suggested a kind of 

sliding ruler.40 The names of several Inca units of measurements 

are well known, among them are the rikra, the sikya, and the 

'kapa. Rowe gives their respective metric equivalents as 162, 81, 
and 20 centimeters.41 From his experience at Ollantaytambo, 
Protzen was not able to relate these units of measure directly and 

unequivocally to construction. Most dimensions of buildings 
and building elements show too wide a spread. For example, 
there is no significant gap in wall thicknesses from 58 to 90 

centimeters; every measurement in between is represented, and 

no distinctive plateaus appear in the distribution [Figure 35]. 

The construction tools of the Tiahuanacans, with perhaps 
the possible exception of hammerstones, remain essentially 
unknown and have yet to be discovered. To the extent that the 
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FIGURE 35: Frequency distribution of Inca wall thicknesses at Ollantaytambo 
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Tiahuanacans roughed out stone as the Incas did, it is reason- 

able to assume that the Inca tool kit was at least a proper subset 

of the Tiahuanaco tool kit. But to finish their stones the 

Tiahuacans must have had the use of other kinds of tools. 

Postulated tools in the Tiahuanaco tool kit not found in the 

Inca kit are chisel- and punch-like tools, the square, and the 

straightedge, or their equivalents. Drills were also part of the 

Tiahuanaco kit, as evidenced by the many fine holes drilled into 

the friezes of Gate III of Pumapunku, the curved architrave of 

the Kantatayita, and other stones. The consistency of propor- 
tions over a range of niche sizes, the precision with which layouts 
follow given patterns, and the frequent repetition of certain 

dimensions suggests that the Tiahuanacans possessed an accu- 

rate measuring device with a standard unit of measure. 

CONCLUSION 

The Inca and Tiahuanaco builders created some of the most 

precise and most beautiful stonework ever made. Yet, as noted, 
some striking differences distinguish the two, in both tech- 

nique and style. The Incas' play with endless variations in bond 

patterns and their use of mostly irregularly shaped stones with 

pillowed faces are in sharp contrast to the Tiahuanacans' 

severe symmetrical arrangements of standardized geometric 

patterns and elements and the planarity and orthogonality of 

their building stones. The Incas' one-on-one stone-fitting tech- 

nique and their reliance on gravity and friction alone to join 
the building blocks are in contraposition to the Tiahuanacans' 

propensity for standardized building stones requiring little or 

no individual fitting work and their joining of building stones 

with cramps. The observable distinctions in design and technol- 

ogy between Inca and Tiahuanaco architecture and stonework 

suggest that the respective builders had very different concep- 
tions of architecture and aesthetic sensibilities. 

This comparison could be extended to formal elements 

and spatial organization. The formal elements that distinguish 
and characterize Inca buildings are battered walls; trapezoidal 

doorways, windows, and niches; and steep-pitched gable walls 

in buildings with gable roofs. Furthermore, most Inca build- 

ings consist of a single room and are rectangular in plan and 

one story high. Either buildings are strung out in rows, or two, 

three, or four (rarely more) buildings are arranged to face on 

a common court.42 At Tiahuanaco there are no standing 

buildings from which a similar list of diagnostic features can be 

derived. Yet the various platform mounds and sunken courts at 

the site bespeak a conception of spatial organization that has 

no correlate in Inca architecture. The strict treatment of 

planar surfaces modulated by sharp geometric figures and 

moldings encountered at Tiahuanaco betrays an aesthetic that 

is preoccupied with the precise relationship of elements to 

each other and an overall order to which the individual 

stonemason submitted. The formal elements defining Inca 

architecture, too, represent a certain order, but one that is not 

concerned with the treatment of details. There is a great 

variety in both dimensions and proportions in Inca buildings, 
and the individual stonemason appears to have had consider- 

able freedom in laying out a building and in treating its 

surfaces. The purported derivation of Inca stonemasonry from 

Tiahuanaco is thus hardly defensible. 

The passage from Cieza de Leon quoted at the beginning 
of this article and the following, from Bernabe Cobo, suggest 
that the Incas were well aware of Tiahuanaco. 

Pachacutic came to see the superb buildings of Tiaguanaco, of which 

he greatly admired the fabric of cut stone, for he had never seen 

buildings like these, and he ordered his people to observe and carefully 

notice this manner of construction, because he wanted the works to be 

built in Cuzco to be of the same kind of masonry.43 

Because of this awareness, and the sudden appearence of fine 

stonemasonry in the Cuzco region-there are indeed no 

known examples of such masonry preceding the ascendancy 
of the Incas-Gasparini and Margolies argued: " ... we may 

certainly consider the transmission of the experience of Tiwan- 

aku to the ambitious work of the renovator Pachakuti."44 

While these researchers concede "that the excellent stone 

finishing [of Tiahuanaco] may have made more of an impres- 
sion than the building techniques," they do suggest that the 

stoneworking technique "could have contributed to improv- 

ing the coursing of the Cuzco walls," and that "it is possible 
that some Tiwanaku formal elements may have served as 

'inspiration' in the formation and proliferation of the formal 

elements we now identify as Inca."45 At this stage of our 

research, however, we find that whatever it was the Incas saw 

when they first came upon Tiahuanaco, and whatever they 
borrowed from there, if anything, they thoroughly reinter- 

preted and made their own. Our findings to date constitute at 

least a strong prima facie case in favor of the hypothesis that 

Inca architecture and stonemasonry are authentic inventions 

and not Tiahuanaco derivatives. 
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