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When this book was first published in 1930. there was no shortage of excellent bouks
dealing with the architectural styles of ancient Egypt: no book of any significance,
however. discussed in detail the actual construction methods used to erect sonie of the
world’s most colossal and enduring structures.
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This profusely illustrated volume remedied that situation by providing the first
important description and analysis of Egyptian building practices, which differed
radically from those of classical. medieval or modern architects. Based on thirty years
of research and investigation, much of it firsthand, the present work offers a detailed
examination of Egyvptian quarrying methods, transportation of stone, foundations,
mortar, techniques for dressing and laying blocks of stone. pyramid construction,
facing, sculpturing and painting masonry, brickwork, Egyptian mathematics and
much more.

Nearly 270 photographs and other illustrations bring the text to life. providing superh
pictorial docimmentation of actual sites and excavations, quarries, bnilding plans,
architeets” diagrams and clevations and a myriad of construction details. Also
presented are such evocative materials as a map for gold miners in the time of Seti I,
photographs of tool marks left by ancient quarry workers, mason's guidelines on a
colum in the Great Hall at Karnak, a scene of workmen polishing a sphinx and other
small details that bridge the centuries and remind us that flesh-and-blood human
beings sweated and toiled to accomplish the marvelous techuical feats so well
described here.

For any student of ancient Egypt. this will be an enlightening and fascinating survey.
FFor architects. engineers and students of the history of technology. the book offers a
revealing picture of carly techniques of monumental construction.
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PREFACE

HE purpose of this volume is to discuss some of the problems incident

to the construction of a stone building in ancient Egypt. The material
has been drawn partly from the architectural notes * made during the past
thirty years by the late Mr. Somers Clarke, and partly from my own notes
on the mechanical methods known to the Egyptians.

It might be imagined that the literature dealing with ancient Egyptian
constructional methods would be very considerable, but this is far from the
case. Though excellent works exist on architectural sty/e, no work of any
merit has yet appeared which discusses, in any detail, such prosaic subjects
as the quarrying and dressing of a block, the function of mortar, the quality
of the ancient foundations: in fact the successive steps taken by the old
architects from the time the king ordered a temple until, with its surfaces
dressed, sculptured, and painted, he dedicated it to the god. The more these
various steps are studied, the more obvious it becomes that the Egyptian
constructional methods differed radically from those of classical, medieval,
or modern architects.

We do not pretend to have covered the subject exhaustively, and the
following pages should rather be considered as merely a preliminary survey
of a very wide field; indeed some chapters, such as those in which an inquiry
is made into the methods of dressing the blocks, and into the explanation
of the ‘oblique joints’, which are such a striking feature of the ancient
masonry, arc admittedly only tentative, and may well have to be modified
in the light of future research. This applies equally to the problems of
pyramid construction, where we are lamentably short of accurate data,
owing to the fact that practically no pyramid prior to the Vth dynasty has
been completely cleared of the debris surrounding it.

Sir Flinders Petrie, as far back as 1883, in a lecture given before the
Anthropological Society,* pointed out, among other matters, many striking
peculiarities in the ancient technique of stone dressing and cutting, and
admitted that much was yet dark to him. It can almost be said that none
of the features which puzzled him then has been properly explained since
—at least in print. The reason is not far to seek; parties having concessions
to excavate in Egypt have, in most cases, to take as a first consideration the-

t Thesc notes, contained in twenty-four architect’s note-books, have been deposited in the Manuscript
Department of the British Muscum. 2 Sce page 202.
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necessity for acquiring objects of art for the societies which finance them,
and in this matter p}/m/mb' and temple excavations are notoriously un-
productive, and it is only within the last five years that the Egyptian
Government has been able to provide funds for the excavation, under
competent scholars, of the immensely important sites ot Saqqira and
Dahshtiry which have already yielded a rich harvest.

The student with a knowledge of constructional work, engineering, or
kindred subjects who desires to study the ancient building craft has hitherto
been badly handicapped by lack of accurate data, not only as regards the
details of the monuments, but on what is already definitely known con-
cerning the methods and appliances used by the Egyptians, and on their
knowledge of mathematics, astronomy, and other sciences. The result has
been that many able architects and engineers have made statements con-
cerning the manner in which blocks were transported and raised, and the
monuments built, which they would never have written had the known
evidence been available without a laborious delve into a host of works quite
unknown to the general public. It is in this connexion that we hope the
following pages may prove useful.

It is much to be regretted that, for some months before his death, my
late friend and collaborator, owing to a stroke resulting in almost total
deafnessand blindness,was unable to assistin the final revision of his material
and mine; indeed several chapters drawn almost entirely from my notes
have had to go to press without his ever having been able to review their
contents.!

We owe our warmest thanks to Mr. Cecil Firth and Mr. A. Lucas, of my
Department, and to Dr. G. Reisner, Director of the Harvard Boston ex-
cavations, for valuable help and information, which is acknowledged as it
is used; to Mr. J. Hewett, of the Survey of Egypt, for preparing many of
our drawings for publication; to Prof. Sir Flinders Petric for reading most
of the volume when in manuscript and making many very valuable sugges-
tions; and lastly to M. Pierre Lacau, the Director General, Antiquities
Department, for permitting me to take and use many photographs of
objects in the Cairo Museum and at Saqqéra.

R. E.
Carro, 1929.

' Namely, Chapters 11-V and VIII-X.

Mr. Clarke was only able partially to revise with me
Chapters 11, 111, IV, and VIII.

CONTENTS

List of Illustrations - . . : . ] .
Introduction (by Somers Clarke) -

L.

Il
1.
Iv.
V.
VI
VIIL
VIIL
IX.

XI.
XII.
XIIL
XIV.
XV.

XVI.
XVII.

XVIIL

XIX.

XX.

L.
IL
I1L
IV.

Index

The carliest Egyptian masonry

Quarrying: Soft Rocks

Quarrying: Hard Rocks -

Transport Barges

Preparations before Building

Foundations

Mortar . .

Handling the Blocks .

Dressing and Laying the Blocks

Pyramid Construction

Pavements and Column Bases

Columns . . F

Architraves, Roofs, and Provision against Rain
Doors and Doorways

Windows and Ventilation Openings

Stairs - -

Arches and Relieving Arches J :
Facing, Sculpturing, and Painting the Masonry .
Brickwork

Fgyptian Mathematics

APPENDICES

Ancient Egyptian Tools .

Sites in Egypt and Lower Nubia mentioned in the Volume .

Chronology
List of Works quoted

xi

12
23
34
46
69
78
84
96
117
130
136
151
162
170
178
181
192
207
216

224
22§
227
230

233



e T R N N T T .

—

_—

LIST OF ILLUSTRATIONS

Diagram showing the relative sizes of the Great Pyramid, St. Paul’s Cathedral,
London, St. Peter’s, Rome, and the Iouses of Parliament

CHAPTER I. THE EARLIEST EGYPTIAN MASONRY

. Part of the fagade of the chapel of a princess of the ITIrd dynasty, Saqqira .
. Fluted columnoids in the small temple behind the sed-festival temple at Saqqéra.

[1Trd dynasty

. Colonnade of King Zoser 1l the soulh c1st corner of lhc (cmcnos \nl] round t]u_

Step Pyramid. 1llrd dynasty. Saqqira

. Cross hall at west end of Zoser's colonnade. I1lrd dynasl)’. anqﬁm

. Head of a pilaster. Masonry of King Zoser. IIrd d) nasty. Saqqira

. Diagonal clevation of the head of the pilaster shown in fig. 5 .

. Pilaster nmhnng the head and stalk of a papyrus plant, from the chﬂpcl of a lllrd

dynasty princess at Saqqira

CHAPTER II. QUARRYING: SOFT ROCKS

. Ancient limestone quarry-face.  Beni Hasan
. End of a gallery. Ma‘sara quarrics
. Top of a quarry-faceina g1llcr) at Ma'sara, shomng \\hcrc the stone has been cut

to waste at the roof to ‘get’ a new serics of blocks

. Intrances to ancient galleries in the limestone quarries at Ma'sara

. Diagram showing method of extraction of blocks in a quarry

. Levelled area on the north side of the Second Pyramid at Giza

. "T'ool-marks on a quarry-face near Beni Hasan

- Quarry at Qdu from which a large limestone block has been removed

. Closer view of the tool-marks in the scparating trench in the Qdu quarry (fig. 15)
. Sketch-plan of the entrance passage to one of the enclosed bl}S in the ancient sand-

stone quarries at Gebel Silsila

. Holes cut for an unknown purposc ina qunrr) face 15 feet above ihe pn.scn(

ground level.  Ma‘sara

. Alabaster quarry anciently known as Iltt Nub

CHAPTER III. QUARRYING: HARD ROCKS

Wedge-slots cut in a trench in the granite quarries at Aswin

. Tool-marks on the first dynasty basalt stela of King Smerkhet in the Cairo Museum

"Tool-marks on an unfinished pink granite colossus in the Cairo Muscum

. Unfinished schist statuctte of Saite date in the Cairo Muscum .

. Modern quarrying of granite. Aswin

. ‘The unfinished obelisk at Aswin .

. Top of the pyramidion of the unfinished obelisk at Aswin

. Scparating-trench in the unfinished obelisk at Aswin

. The unfinished obelisk at Aswin, showing side of a scparating- trench and a qu1rr}-

face from before which another monument has been removed

. Workmen’s markings on the quarry-face near the Aswin obelisk -

. Section lhrough a separating-trench in a quartzite quarry at Gebel Ahmar .

. Quarry-face in the quartzite outcrop at Gebel Ahmar

. Front view of a quarry- -face at Gebel Ahmar, showing the ndgcs which are pcculnr

to the quarrying of quartzite

. Vertical quarry-face at Gebel Ahmar, shomng marks made with a pomtcd tool ,

Frentispicce

Sacing p.

page
Sacing p.

page
Sacing p.

”

page
Sacing p.

pese
furing,}).

"

8



T

W Y N N T N Y N S N e - -

N e N N = e - .

—

N e

xii

34
35-
30.

37.
38.

39-

4o.

43
44
ek
46.

47

48.
49.

5o.

6s.
66.
67.
68.

LIST OF ILLUSTRATIONS

CHAPTER IV. TRANSPORT BARGES

Royal barge of the XIIth dynasty from Dahshir, constructed of small picees of wood
tenoned and mortised together .

Plan of the royal barge shown in fig. 34

Boat-builders from the X 11th dynasty tomb of l\lmcmholpc at Beni lllsm

Model punt-like boat.  Middle Kingdom. El-Bersha

Boat-building in the Vth dynasty, showing the tools used by the c.xrpuuus

Great Barge of Quccn Hatshepsowet, carrying her two obelisks. "I'emple of El-
Deir el-Bahari; Thebes

Steering-system of the trading slups of Quccn Ilntslnpso“ct XVIITth d)nnst)
Temple of El-Deir el-Bahari

1. Model of a papyrus boat used at the prcscnl d:l) on the Uppcr Nile .
. Steering-paddle of a model ship of the XIth d) nasty from the tomb of Md\un.

at Thebes

Mast-head of the smﬂll punt- lll\(, boat sho\\ nin fig. 37 :

Lowering the mast of a I'Vth dynasty ship. ‘Tomb of Abibi

IVth dynasty ship under full sail. "Tomb of Ipi

Composite drawing of the mastheads of the trading ships of Ouun Hllshq‘soucl
with sails hoisted. XVIIIth dynasty. EI-Deir cl-Bahari 5

Composite drawing of the mastheads of Queen IHatshepsowet’s trading shlps, mth
sails lowered . y z : . . : :

CHAPTER V. PREPARATIONS BEFORLE BUILDING

Front and side clevations of a shrine, on papyrus. NXVIIIth dynasty. From Ghorib

Ancient plan, on papyrus, of the tomb of Ramesses 1V .

Plan, on limestone, of what is probably the tomb of Ramesses I,\ from the V1llu'
of the Kings at Thebes

1. Plan of a building on a limestone flake, from th V.llh,) oflhc l\mgs at Ihcbc:
2. Plan-clevation of the door of a shrine, approached by a double flight of stairs, on a

limestone flake from the Valley of the Kings at ‘I'hebes

. An architect’s diagram, dcﬁning a curve by co-ordinates. Probably Il~lrd d)'naslyl.

Saqqira

. Sc1lt_-dr.n\mg of the curve \\ho,,c p1mcul1rs are mdlcncd on l]lc ancient dngmm

in fig. 53

. Plan of an estate in lhc XVI“lh d}msn tomb of Mcrm. at El t\m.lfll-’l :

. Reconstruction of the estate of which the ancient plan is shown in fig. 55

. An architect’s plan of an estate, on a wooden panel, from Thebes

. Map, on papyrus, for the use of gold miners of the time of Scti I

. Landscape architect’s project for a grove of trees in front of the XIth d)nasly

temple at El-Deir ¢l-Balari

. The temple grove of the Xlth dynasty tcmplc. at EL-Deir cl- Bﬂ'm as found

- Scene of part of the foundation ceremonies performed at the Temple of Edfu

. Field-surveying, from the tomb of Amenhotpe-si-se at "F'hebes .

. Basalt statuctic of the scribe Penanhiret, holding the royal surv g)mg ~cord tied up

with the cachet of the god Amin

. Diagram to illustrate the principle by which a ngh( 'lnblc rmy bc set out by \'15u1l

methods

CHAPTER VI. FOUNDATIONS

Foundations of a column in the north-cast part of the Iy post\lc Hall at Karnak .
Present aspect of the pylon of Ramesses I at Karnak 4
Foundations of the pylon of Ramesses I at Karnak

Foundations of the Festival Hall of ‘T'uthmosis II1 at Karnak

Sacing p.

page

_/'urillg’/\.

page
Sacing p.

';ﬁrl ge

Sacing p.

fage

Sacing p.
l;(lg[

34
3
15

36

37

38
38

38
39
40
41

+7
19

§o

53
54
515
57

59

59
61

04

67

72

73
74

69.
70.
71.

72.

73.
74
78
76.

77.
78.

79.
8o.

81.
82.
83.
84.
8.
86.
87.
88.

8g.

90.
9t.

2.

93.
94.

LIST OF ILLUSTRATIONS

Column of King Taharqaat Karnak, leaning from the vertical owing to the settling
of its foundations .

Obelisk of King Tuthmosis I at Knrnak showmg xls prcscnl inclination from the
vertical .

Sandstone foundations of the pchsnl of the fallen obelisk of ng Tuthmosis 111
before Pylon VI at Karnak . .

Remains of a small Roman temple at Kém Abu Blllo, shonmg the massive pln(fonn
on which it was built :

CHAPTER VII. MORTAR

Lower surface of the abacus of one of the columns of the Great l‘Iyposl)'lc Hall at
Karnak, after removal for restoration .

Roman masonry at Philae, showing hollowing of j Jomt to receive the mortnr

Roman masonry at Philae, showing hollow rising joints

Roman masonry at Qalabsha, showing hollowing of upper surface of the column-
drums and the outlet-troughs for the superfluous mortar

Column-drum at Qalabsha. T"he upper surface has been roughly (oolcd to glvc a
key to the mortar :

Lower half-drum of a capxml at inabsha

CHAPTER VIII. HANDLING THE BLOCKS

Scene of the transport of a statue in the XVIIIth dynasty

Transverse section of part of the end of an alabaster sarcophagus, sho“mg holes
through which a rope could be passed to assist in lowering the lid into place.
XIlth dynasty. Cairo Muscum

T'races of handling-bosses in the qu1rtnu. m'lsonry of thc ‘Osnruon of Sm Iat
Abydos .

Wheeled baggage- \\ﬂggons, drm\ n by otcn, used by the IInmcs dunng the cam-
paign of King Ramesses 11, from his temple at Abydos !

Scaling-ladder, fitted with wheels and kept from slipping by a lmndspnkc, from the
Vih dynasty tomb of Kaemhesit at Saqqira

Block mounted on a sled and drawn by oxen, from the Ium quamcs XVI”[]\
dynasty .

Wooden sled of the Xlllh d)nasty from D:lhshur, on which a ro;nl bargc was
transported

Scene from a tomb, prob1bly rcprcscntmg lhc constructlon ofn bmldmg by means
of a brick ramp

The unfinished pylon at Karnak (No l) showing traces of an ancient construc-
tional embankment on the west face .

Remains of the constructional embankment on the c1sl f1cc of 1’)lon Tat K1rn1k
showing traces of its internal structure .

Ancient model of a wooden appliance for handhng blocks (Rockcr) from
foundation deposit of Queen Hatshepsowet in her temple at El-Deir cl-Bahari

CHAPTER 1X. DRESSING AND LAYING THE BLOCKS

Masonry in the temple of King Zoser, north-west of the Step Pyramid, I1rd
dynasty. Saqqdra ] :

Panelled boundary wall of llu. Stcp Pynmul at S1qqﬁr1 1Ird dymsty

Top of onc of the bays (fig. 9[, A) in the boundary wall of the Step Pyramid at
Saqqira

Rlbb(d columnoid in the cross hall at thc west cnd of the colonnadc al Saqq:lm ‘

Plan and section of an example of Zoser's small-block masonry at Saqqéra. Slightly
exaggerated : ; . 5

xiii

Sacing p. 76

w76
» 77
" 77
page 81
w 8t
W 81
, 82
, 82
» 82
w83
w 86
Sacing p. 86
" 86
» 87
page 88
89
w92
JSacing p. 9z
» 93
" 93
" g6
T
” 97
" 97
page o8



—

— -~

A~ s e e e

Pl - = N o o o o N N a - a

-

A‘ A o 1 ! PN ~~,

xiv LIST OF ILLUSTRATIONS \ LIST OF ILLUSTRATIONS 3
95. ch.mins of the cnsing-blocks. of the Step Pyramid at Saggira. Illrd dynasty . facing p. 98 CHAPTER XI. PAVEMENTS AND COLUMN BASES
96. Casing-blocks on the north side of the Great Pyramid : . . : 5 98 Part of i t in il lley temple of the Second P id (Temple of 1l
97. South face of a mastaba at Giza . . 98 137. 1rsul he p1vgno.n ;1;/ }mdva ey temple of the Second Pyramid ('T'emple of the e v
98. Restoration of section of part of the c1smg-.1nd core- blocks oflhc nnsnbl shown in phink) at Giza L jumasty iy poge 13
fig. 97 . . page 99 138. Partof a wallin the temple of Isis at Philac, shm\mg cumng to wnstc lor thc laymg
5 of the pavement and for the formlng of a pilaster " » 131
99. Granite casing-blocks, onlv p\rll) hccd near the entrance to the T' hml I)nnud at 0. G base i lithic col | | d ] \b
Giza, showing bosses under which the points of leversengaged during the laying — facing p. 99 139 'r“\’/“;c | asc for a monolithic column in the northern pyrami lcmp ¢ at Abusir. 112
100. Granite casing-blocks on the cast side of the "Third Pyramid at Giza, showing B (fl ‘)"‘15(}; l : l l | ‘(I | d | El D l v 3
oblique rising joints y 99 140. 1s¢l_h;);r(]mc of the octagonal columns in the XIth ymsly lcmp e at cir cl- -
it . - . ' ”
tor. Wall of a Vth dynasty mastaba at S1qan1 shu\\mg obllquc rlsmg _]mnls ' s 100 i, BT the XVIIIth di n1sty tcmplc 1t El- Dcn cl Bnhnn ) i . o133
102. Nasonry with blocks of unequal heights. “I'emple of Amenophis I1T at Luxor . 5 101 . F below the b fa col Fdf .
103. Wall of King Tuthmosis 111, south of the sanctuary at Karnak . w  log %58 Soo(llstoncsbco“rl ‘Y asclo C(l) umn ﬂlAb d" . : § ’ ” 133
1o4. Masonry of “T'ype A’ (fig. 105) on the front face of which a batter has bu.n cul, 143 Cm l:mnc (;sc N 11 i)mcslofnc col Carm o6 )dosf ‘l d. r l | w13
disclosing the obliquity of the rising joints . ) ) ’ T 144 II'CF slcorcl on the 1scdo ndco l;éllll, CCPOSL after the diameter of the lower p1rl [
105. Masonry of “T'ype A'. The planes of all the nsmg Jolnls are vertical : page 101 alitieleaumufasireducs AR > : : : : - 5 w134
106. Masonry of “Type B’ where the planes of all the rising joints are at right- anglcs to -
the front faces of the blocks . ; - . . . h : s @l CHAPTER XII. COLUMNS
107. Plan of blocks lined up on their sleds for drcs<mg . o 102 1.45. Square-sectioned column = 5 ; o C 2 » 137
108. Models of blocks, between cach pair of which 1ppr0\umtcly p1r1lld phncs have 146. Octagonal column. XIth dynasty. ‘Ll Dcll’ el Bah:m : . . . n 137
been cut, brought into close contact . : Sacing p. 104 147. Sixteen-sided column. XIIth-XVIIIth dynasty . ; : . . . » 138
109. The same blocl\s, after the tops of the whole series h:nc bccn nmlc ll 1w to fn.m a 1.48. Grecek Doric column . . . ” ’3§
dedmg joint = w 104 1.49. Plan of part of a polygonal column, shm\mg ndgcs between the facets ; w 13
110. Masonry in the wall of the funcmry lcmplc of lhc Vth dy nnsly pymnml of Unns .1( 150. Polygonal column surmounted by a mask of the goddess Hathor in the small temple
Saqqira, shomng oblique joints . . w105 | of Amenophis 11Tat EIl-Kab . . Sacing p. 138
111. Remains of the casing at the entrance to the py r'umd of Unas at Q1q:1.m : ; » 103 | 151. Fluted column in the rock-hewn temple ofAmcnoplus [II at Beit El- Wall in Nubm page 139
112, Plan of part of the north face of the Great Pyramid : i x ’ ‘ page 105 152. Scction of a papyrus stalk : ; , ' . . . " » 140
113. Ancient scene of workmen dressing a stone block » 100 153. Grand Colonnade of Luxor lcmplc . Sacing p. 140
114-119. Nlodels illustrating the ancient manner of constructing a w vall with blocks of 154. Ridges on the columns of Tut'ankhamiin in the Grc1l Colonnade in Luxor Icmplc w140
uncqual heights . JSacing p. 106 155. Capital of a column in the central aisle of the Great Hall at Karnak, showing
120. Elevation of half the fagade oflh(. small desert lcmplv. of : \mcnoplus 111 at El-Kib page 108 mason’s guide-lines . . page 141
121. Dov.u'nl recess m.ll\c 1rclnlf1vu of the “I'emple of the Sphinx” at Giza, with hole 156. Part of plan and sectional clu'.mon of th p1p} rus column of T1lmrq1 at K1rmk w141
for dowel passing down into the top of the column . ! , . . W 112 157. Monolithic gmmlc palm-column of the Vth dynasty from the p) ramid-temple of
122. Double architrave united by dovetails. Medinet Habu . ) 12 King Sahurg' at Abusir . : . , . » 142
123. Dovetail and wooden cramp, nearly five feet in lcnglh inan III'CI\I[T’I\L in the court 158. Mortuary temple of Ramesses 11 (The Runcsseum) Thcbcs . Sacing p. 142
of Sheshonq I at Karnak . ; : ; : i 112 159. Lotus column, of limestone, from the Vth dynasty pyramid- tcmplc of ng Sahure'
124. Horizontal section of a wall of Ramesses 111 at Medinet Habu . e I3 at Abusir 4 w142
125. Good hollow masonry of Roman date in the temenos wall of the lcmpk at Uahbsln w LI 160. Monolithic granite column of the Vth dy n1sly from lhc p) r'lnud tcmplc of
126. Wall flanking the Great Colonnade of Luxor ‘T'emple . Secing po114 Sahuré at Abusir . . page 143
127. Remains of a hollow wall in the Ramesseum; showing the poor qlnhl) “of the 161. Mason’s guide-lines on the abacus of a column in the Great Hall at K1rn1l\ : w 144
masonry and the re-use of a surplus half-drum of a column . PR E 162. Unfinished column, architrave and cornice in the court of Sheshonq I at Karnak — facing p. 144
128. Portion of the north face and the back of the blocks of the south half of it hollow wall 163. Column in the temple of Seti I at Abydos . ? page 146
of Amenophis I1T at Luxor Temple . W 114 164. Hole, to receive a column, in the granite pavement of the lcmplc of the Sccond
129. Western tower of the pylon of King Haremhab at I\nrnal\ % U5 Pyramid . w 146
130. Sketch-plan of the horizontal section of the nort h tower of Pylon 1T at Karnak built by I 165. Column in the temple cast of the fcsllvﬂ lunplc of Iulhmosns I] [at K1rn.1l\ m1dc
% RunLIssT II,?n;l consinun;%(il ;.Fllslhllul in with re-used blocks of King Akhenaten page 115 | P up p;nlr) Iof (Zl.du_r p}ollyﬁmni(drumks n;\d p.nrtl) olj drums qf Rnn]cssv.s III . i » 149
131. Sectional plan of the pylon of Ldfu ‘T'emple . 1 1 = : » 15 166. East end of the Great Hall at Karnak, showing ancient repairs to the columns . acing p. 150
132. Masonry laid on a concave bed in house ruins at Onlabshn ., 116 ‘ 167. Part of a column in the central aisle of the Great Hall at Karnak, showing ancient
repairs . . : : . . . : ) . . ; . » 150
CHAPTER X. PYRAMID CONSTRUCTION
133. Internal construction of the pxrnmid of Sx)cf’cru at Meydam. IVth fl)'l\:lsty ! » 119 . CHAPTER XIII. - ARCHITRAVLS, ROOFS, PROVISION A.GAINSF RAIN
134. Suggested.method of constructing a pyramid by means of ramps running from stage 168. Part of the south colonnade of the court of Sheshonq I at Karnak, showing short fo
to stage . . . : : . z . o 120 architrave and patch > 3 . acing p. 151
135. Section of the py r'nmd ome;, S1lmr of the Vth dynasty at Abusir : - » 123 | 169. Roof-slab packed up to compensate for an nrclulravc ofmsulhuun hclghl R.‘lmcs—
136. Diagram illustrating suggested method of dressing the faces of a pyramid o 127 scum. Thebes . . . : 3 : . . . S ; w151



-~

N~ e

xvi LIST OF ILLUSTRAT'ION

170. Plan of the jointing of two architraves at right angles

171. Plan of the jointing of three architraves . ]

172. Composite architrave in the Great Hall at Karnak . A

173. Holes in the abacus of a column in the Great Hall at Karnak in which bums nppmr
to have engaged to support the lower half of the architrave

174. Roof-slab, resting on the cdgc of an architrave, in the festival-temple of Iulhmosns
I at Karnak .

175. Joint between two roofshbs in lh«. lcmplc ofSc(l l at Ab)dos .

176. Section of a stone roll filling the joint-troughs between the roofshbs in lh(. lcmph
of Ramesses 111 at Medinet Habu

177. Roof-slab cut to direct the flow of rain-water. 'Iunpk of Seti ] at I:l ()urm

178. Roof-slabs over the centre aisle in the temple of Seti I at El-Qurna, nrr1ngcd to
permit the water to run off on to those of the side aisles .

179. Sketch-plan of part of the lower roof of the temple of Seti I at El- Qurn:l shomng
direction of the flow of water oft the roof-slabs and along the gutters

180. Sketch of the plan of part of the roof in the temple of Seti I at Abydos, showing the
direction of the llow of water ol each roof-slab into the gutters

181. Pavement of polygonal blocks laid over roof-slabs. Temple of Dendera

182. Drainage system of the roof of the ‘Mammisi’ at Philac .

183. Section of the upper part of a colonnade in the temple of D1Ll\1 shu\ung h(m a
water-channel was carried under the roof of the colonnade to drain the lower
roof behind it

8. Drip-channel in the outt.r \\all of thc lcmplc of Rmncsscs II at Abydos

CHAPTER XIV. DOORS AND DOORWAYS

185. Front and back views of the solid wooden door of the mastaba of Kacmhesit at
Saqqira. Vth dynasty .

186. Wooden door of Osorkon I from El-Lahin

187. ‘False door’ in the mastaba of Sesheshet at Saqqira. Vlh d) n1sly

188. Upper and lower door-pivots. Cairo Muscum

189. Upper door-socket in the temple of Kédm Ombo, sho“mg manner in w hlch lhc
upper pivot passes through a block of wood held in position by wedges .

190. Lower socket of a doorway in the temple of Kom Ombo, showing groove in the sill
to cnable the door-pivot to be passed into its socket

191. Part of the great stone gateway in the brick temenos wall nurlh of th lunplc of
Monthu at Karnak . .

192. Gateway north of the temple of Monthu at Karnak

193. G1tc\\ay of Ptolemy II at Karnak

194. Bronze door-bolt :

CHAPTER XV. WINDOWS AND VENTILATION OPENINGS

195-197. Sections of light-openings between the walls and the roof-slabs in the temple
of Tuthmosis 11T at Medinet Habu . :

198. Light-openings in a roof-slab in the temple of "T'uthmosis TIT at Mulmd Habu .

199. Scction of a light-opening at Deir cl-Medina. Ptolemaic date .

200, 201. Sections of light-openings in the T'emple of Opet at Karnak. ]’tolcnmic dnlc

202. Ventilation-opening between two roof-slabs. Temple of Seti I at Abydos .

203. Clerestory of the Great Hall at Karnak, showing details of the masonry

204. Clerestory window of the Great Hall at Karnak

206. Fagade of the Temple of Dendera

200, 207. Window from the palace of Ramesses 111 at Medinet Habu

208. Window in the temple of Deir el-Medina at “T'hebes.  Ptolemaic date

page
”»
»

»

Sacing p.
page

"

”
Sacing p.

page

fati;/g"p.

Saci ,-:g, ,p
rage

Sacing p.

pages 174,

page

152
152
153

154

154
155

15§
156

156

us7

158

159
160

160
160

162
162
163
163

164
165

166
166
166
168

170
171
171
171
172
172
172
172
175
176

LLIST OF ILLUSTRATIONS

CHAPTER XVI.
209. Stairway in the Temple of Edfu
210. Stairway leading up to the roof of the fcsnvnl tcmplc of ng Zoscr at S1qq1r1
ITlrd dynasty
211. Remains of a sl;ur\\a) in lhc Py lon of ’ Iulhmosxs l“ at K:lrnal\
212. Remains of a stairway in the pylon of Amenophis I1T at Karnak v
213. Line of roof-slabs covering the stair-passage in the ruined pylon of the Ramesscum

STAIRS

CHAPTER XVII. ARCHES AND RELIEVING ARCHES

214. Method of constructing a brick arch without centring by means of special bricks.
Ramesseum. "Thebes

. Brick arches constructed without ccnlnng R1mcsscum

. Great brick archway, the inner rlngs of which are conslruclcd of spccl.ll arch-
bricks, forming a centring for rings of ordinary bricks laid as in modern arches

217. Interlocking arch-brick from the offering chamber of Sabef. Old Kingdom. Giza

218. False arch, cut from two granite blocks in a Middle Kingdom mastaba at Dahshiir

219. Corbelled roof in the chamber of a XIIth dynasty mastaba at Dahshiir

220. False arch in the sanctuaries of the temple of Seti I at Abydos :

221. Corbelled arch in the central sanctuary of the XV IIIth dynasty temple at El Dcnr

cl-Bahari

2. Arch in the castern s1nc(u1r) “of the XX Vth dyn-lsly shnncs at Mcdmc( Ihbu

3. Arch in the western sanctuary of the XXVth dynasty shrines at Medinet Habu .

+- Joggled arch of Ptolemaic date from the tombs of Kém Abu Billo

5. ‘T'riumphal arch of Diocletian at Philac .

6. Voussoir of one of the destroyed arches in the lnumplnl :lrch\my of Dloclclmn at
Philac

227. Diagram shomng method of lmng the fourth voussoirs in the mumphnl nrch of

Diacletian at Philac
228. Section of the rchc\mg clmmhcrs1bmc lhc l’\InI., s Clnmbcr in lhc Grul l’) mmul
229. Relieving device in the gateway of Nectanebos 11 at Karnak

CHAPTER XVIII. FACING, SCULPTURING

THE MASONRY

230. Diagram showing that, in Fgyptian buildings, the rising joint between the blocks
does not necessarily occur at the internal corners of a wall, since the front face of
the masonry was dressed after the blocks were laid

1. Doorway in the temple of Seti I at Abydos . : :

2. Scaffolding in the XVIIIth dynasty, from the tomb of Rnl\hnur at Thebes

3. Unfinished wall in the temple of Amenophis 111 at Luxor

4. Unfinished pylon (no. 1) at Karnak, from the north-cast, showing lhc remains ofn
constructional embankment

235, 236. Masonry of the unfinished pylon at l\lrml\

237. Onc of the blocks forming the torus mouldmg in the unﬁmshcd py lon at KarmL

showing recessing of the block and mason's guide lines

238. Surplus stone left at the corner of the unfinished pylon at Karnak for (hc lorus

moulding

239. Unlfinished repairs to the small lcmplc of Seti 11 at Karnnk .

240. Scenc of workmen dressing the surface of a stone offering-table with poundmg b1lls

241. Scene of workmen polishing and working with a stone chisel on a sphinx

242. Proportion-squarcs in the tomb of Wah (no. 22) at Thebes

243. Proportion squares in the tomb of Tati (no. 154) at Thebes

AND PAINTING

N NN
[PREDVEDRE T

page

Sfacing p.

page
Sacing p.

page

Sacing p.

page
Sacing p.

,/Img(

xvii

178

178
178
179
179

182

183
183
184
184
185

185
186
186
187
188

188

188
189
190

193
193
194
194

194
195

196

196
196
197
197
198
199



_— e

e Y N e N e . W U

P . N T . .. "

xviti

244.
245.

246.
247.
248.
249.

252.
253.
254.
253.
256.

257-
258.
260.

261.
262.

266.
267.

268.

LIST OF ILLUSTRATIONS

Corrections in the pose of a king after the scene had been sculptured. ‘Femple of
Amenophis IIT at Luxor .

Eyec and cyebrow of a small obsidian head of Klng lutllmotls II[ from Karnnk
showing method of cumng the stone by a line of drifl-holes .

Scene of man drilling out the interior of a stone vase. Vth dynasty. Abusnr

Back of a basalt triad of King Menkewre!, showing saw-marks .

Flint borers from Saqqdra. Probably Old Kingdom

Trial holes made with flint borers in a IITrd dynasty stela from Sumlrl

CHAPTER XIX. BRICKWORK

. Modern brickmaker and his assistant.  Luxor
51. Scene of captives making bricks for the storchouses of “the Icmpk of l\mun

XVIIth dynasty
The great brick wall at EI-K: ib :
Great brick girdle-wall on the north of the main "roup oflunplcs at Karnak
Prick girdle-wall at Abydos (‘Kom cl-Sultin”) .
Part of the outer face of the brick girdle-wall at Abydos .
Roman house-wall at Kém Washim, constructed on a concave bed
Probable inte.nal structure of the brick pyramid of El-Lahiin
Stone facing to a brick pyramid at Dahshar

. Remains of gateway in the Old Kingdom brick fortress (&) at Abydos (¢ The Shuna ),

showing the plastered panels with which it was faced .

Undulating brick girdle-wall, 414 inches thick, round a Middle Klnbdom pyr-umd
at Mazghiina

Plan of part of a brick wall of a pmtod) nastic mastaba at Tarkhn :

Scction of planks found in the protodynastic cemetery of Tarhhin, showing ho\v
they may have been bound together for use as walls of portable houses .

APPENDIX I. EGYPTIAN TOOLS

. Quarryman’s chisel; mason’s chisels; mortise chisel; wooden brick-mould; leSA

terer’s tool

. Square, level, plumb- rulc. nnllu ] P
. Mason’s cord and reel; scribe’s palette; bundle of sp1rc w nung rc,cds punt brushcs

tied with the ochresstring used for making lines; set of ‘boning rods’
Polishing tools (?); pounding-ball of dolerite; hafted maul :
Wedge for handling stone and roller, probably of the Vth dynasty from Abusir .

APPENDIX II

Map of the sites mentioned in the volume

Sfacing p. 200

s 200
page 203
Sacing p. 204
" 204

» 204

” 208
page 209
Sacing p. 210
B 210

o 211

w: 211

o5, 42h
page 212

» 202

Sfacing p. 212
page 213

»

w204

between
P 224-5

Sacing p. 225

INTRODUCTION
IN these da)/s it has, happily, been realized that, to make a study of a

country, whether ancient or modern,a great deal more must be done than
describe its geography, catalogue its kings, discuss its internal politics, and
relate how industriously it fell foul of its neighbours; we must not forget,
for instance, the immense importance of being able to gauge the degree
of c1v1112qt10n to which the inhabitants of the country may have risen.

The most satisfactory road leading to the knowledge of the civilization
of a people is a study of its arts and crafts. The arts of Egypt,and many of
its crafts, have been extensively studied by more or less competent scholars.
The most striking of the latter, namely, the building craft, has, however, not
received anything like the attention it deserves. This appears to be because
very few persons possessing the requisite architectural and mechanical
knowledge have suflicient leisure to devote to this study, since least of all
branches of Egyptology can it be acquired otherwise than by personal
examination of the many sites where the necessary information can be
gathered—a scrap herc and a scrap there.

Before we can completely account for the extreme conventionality—even
monotony—of ancient Egyptian architecture, several factors have to be
taken into consideration. I‘or instance, it must be realized that the stone
quarries were not open to the use of every one, at any rate until late times.
The Egyptian world at large appears not to have been permitted to build
with stone except in a very restricted manner. The quarrying and working-
up of the material seem to have been in the hands of the state. It was
natural, therefore, that when methods of work had once been established,
the tendency to a hide-bound system, common to all bureaucracies, should
develop itself and become crystallized—so thoroughly crystallized that we
see, in Egypt, the same things done in the same way from the earliest
dynasties down to the period of the Roman occupation, a matter of some
3,500 years.

There are other factors which must have contributed very much towards
the stereotyping of methods, such as the geographical isolation of Egypt
from other civilized nations who were keen builders, which deprived therh”
of that healthy rivalry in architecture which had such a great effect on the
western European nations. An even more important factor was the lack
of variety in building material. The Egyptian had limestone in the north
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2 INTRODUCTION

of his country and sandstone in the south, and both were worked and used
by very much the same methods and required no radical difference of
treatment. Granite and quartzite were also used, but sparingly, owing to
the difficulty of quarrying and dressing. The only development of any
moment in Egyptian architecture seems to have taken place when the
sandstone quarries of Silsila were brought into general use, which enabled
considerable spaces to be spanned and roofed with an easily worked stone.

In Egypt we observe comparatively few characteristics in architectural
detail, or in the masonry, which can be described as local features, forced on
the masons by the limitations of the available materials. How different is
this from the infinite varicty we find at home—a variety which has given
birth to all manner of ingenious and beautiful methods of mastering the
difficulties encountered. To take England as an example; in the eastern
counties, stone is rare, but flint is abundant. The fertile invention of our
forefathers quickly evolved from these materials that ingenious combina-
tion of flint-walling and stone dressings which gives such an individual
character to the buildings in those parts of England. Again, in Somerset
and the adjacent counties, where there is an abundance of excellent free-
stone, we find a type of architectural detail and masonry perfectly suited
to the material, but differing greatly from that of the eastern counties; it
also differs from that evolved in Yorkshire, where the plentiful, but hard,
stone made the working morelaborious, but the result most noble and grave.

If we cease to compare district with district, but contrast the blossoming
of medieval architecture in England and France, we can observe, amongst
other differences, one which is most certainly due to the fact that it was
easy in the fle de France to procure any quantity of excellent stone in
blocks of considerable size. If we examine the masonry of most of the
largest of the medieval churches in England, we are surprised to find how
small are the blocks from which such vast structures are built. In many of
the great French churches, on the other hand, the average size of a stone
block is at least four times that of those used in the English churches. The
Frenchman could, in consequence, safely undertake to build those struc-
tures of astounding hardihood in conception and execution which, with us,
were not even contemplated.

The last factor which plays a large part in the development of archi-
tecture in most countries is the presence and condition of roads. For in-
stance, in England, during the blossoming of church building which began
soon after the Conquest, we find a people ambitious to put up great
buildings, but without any roads on which they could carry their materials,

INTRODUCTION 3
with the result that only blocks of insignificant size could be used. As time
went on, waterways were improved and roads—of a sort—developed. We
then find that the masonry improves, and that stone is brought from greater
distances. Consequently, having a larger command of materials, the masons
could venture on and master difficulties which at first had been quite
beyond their powers. In Egypt there was no such progress; the Nile was a
good road before the First Dynasty and is still so to-day.

The more we know of the building craft of the ancient Egyptians, the
quarrying, the stone-dressing, the masonry of walls, pylons, pyramids, and
columns, the more are we amazed at the strange contradictions in their
character which are revealed. We cannot help admitting that they were
perhaps the best organizers of human labour the world has ever seen, and
their method of carrying out a task always appears to be the most eflicient
and economical, in principle at any rate, when we take into account the
appliances which they knew and the methods of transport at their disposal.
Their powers of transport by water were astonishing; whether thousands
of blocks were required for a temple or whether a single block weighing
1,000 tons had to be brought, their boat-building powers were fully equal
to the demand made upon them. Some of their masonry has never been
excelled for fineness of jointing, although the blocks may weigh up to 1§
tons apiece, and we look with even greater respect on the giant structures
they erected when we discover that the only mechanical appliances they
knew were the lever, the roller, and the use of vast embankments. On the
other hand, we are often equally astonished at their short-sightedness in
matters which we now consider of primary importance, such as the neces-
sity for ‘breaking joint’ and the value of good foundations. Their neglectin
the matter of foundations is strikingly exemplified in the series of mortuary
temples of the XVIIth and XIXth dynasties at Thebes. As soon as one
had fallen into disrepair owing to bad masons’ work, neglectin foundations,
or overlooking the gradual rise of the Nile bed, the reigning king took the
blocks of the older temple (unless he had a special regard for the king
commemorated therein) and his architects committed exactly the same
faults in masonry, foundations, and choice of site as their predecessors,
ignoring completely the examples before them of what would in a few
years be the inevitable fate of the new building. The Egyptians’ pro-

! Tt has been suggested that the kings may not have  be reconciled with the fact that the Theban mor-
cared overmuch how long the buildings lasted, once  tuary temples were apparently constructed for the
the meritorious act of building and dedicating them  express purpose of maintaining the worship of the
had been performed. This can, however, hardly  decad king, who ranked as a god.
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pensity to ‘spoil the ship for a ha’p’orth of tar’ can be noticed at almost
every stage of their work.! Although their walls usually consisted of but
two skins of masonry, with the space between them filled in with rough
blocks or even rubble, they frequently—at any rate in the New Kingdom
—used superfluous half-drums of columns in the facing, adding consider-
ably to the weakness of a form of wall which, at best, was none too rigid.2
The collapse of the Ramesseum, where half-drums wecre frequently used,
was brought about almost entirely by faulty work of this kind. We can see
this false economy in the very last stages of the building, namely, in the
placing of the architraves and the roof-slabs, where any weakness would
be expected to be specially guarded against.

Egyptian masonry rose to a peak of excellence during the reign of King
Khufu, after which no advance in methods of construction was made,
though new forms of architecture developed. The quality of the masonry,
broadly speaking, steadily deteriorated.

2 This fault can also be scen in the Colosseum at Rome.

! See Figs. 127, 168 and 169, and 17.4.

I
THE EARLIEST EGYPTIAN MASONRY

IN a country of so uniform a character as Egypt, it might well be expected
that it would be a simple matter to discover the prototypes of the archi-
tectural forms met with in stone buildings. As a matter of fact, however,
one has to be very cautious in committing oneself too definitely by insisting
that any single form of primitive reed-and-mud construction of which the
people in earliest times might be expected to have made use contains the
germ of all the architectural forms found, for example, in a pylon. Several
authors have brought forward more or less ingenious suggestions to explain
Egyptian architectural forms,' but none of them can be said to be com-
pletely satisfactory.

It seems likely, indeed almost certain, that both brickwork and reed-and-
mud constructions played their part in the evolution of Egyptian forms; it
has even been suggested that the panelling seen in the mastabas had its
origin in portable wooden huts (p. 214), though this extremely ingenious
theory is not universally accepted.

It is not without interest to consider what the most primitive form of
house may have been like. Nowadays, though in his village the Egyptian
peasant lives in a brick hut, when he has to spend any considerable time in
the ficlds he makes a shanty of maize-stalks (Arab. 4ds). His method of
constructing such a shanty is to lash the reeds, on the ground, into, as it
were, a large mat, by means of palm-ropes. These mats, when set upright,
form the walls of the hut. Sometimes the bottoms of the reeds are buried
a few inches deep; at other times they merely stand on the surface of the
ground. To give the structure more rigidity, bundles of maize stalks about
three inches thick arc often lashed horizontally near the top of the wall
and vertically at the corners. It has been held that this is the prototype
of the torus mouldings and rolls which, in Egyptian buildings, are usually
represented with lashings round them.

In ancient Egypt, maize-stalks were not known, and one of the com-
monest reeds seems to have been the papyrus. This plant has a peculiar
head, which was freely imitated in stone columns and depicted in tomb-
scenes. If we assume that the papyrus plants were used with the heads left

v Petrig, Arts and Crafts, p. 63.
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on, the effect of a line of them forming the wall of a hut or enclosure would
resemble in no small degree a cornice. In the curve of many Egyptian
stone cornices we have, however, a form of decoration which cannot, ap-

parently, be referred to a reed construction; often it strongly suggests the

palm-frond.

It has therefore been suggested! that the Egyptian cornice and torus
moulding took their rise from a primitive form of hut constructed of palm-
fronds interlaced in a framework of poles. Some confirmation is found for
this suggestion in the representations of certain shrines on the walls of
tombs and temples. In a scenc of the shrine of a lion-god on a block found
at Memphis,? the face of the shrine is covered with a criss-cross pattern,
and similar examples are known elsewhere. It must be admitted, however,
that, in modern times, the peasant makes very little use of the palm-frond
for the walls of his shanty, though such palm-huts are not unknown. Other
suggestions have been brought forward to account for the origin of the
cornice and torus roll, but a discussion of them is somewhat outside the
scope of thig volume.

It might well be imagined that the pyramid could justly be considered
to be the direct descendant of a conical pile of stones placed over the grave
of a primitive chief, but the cvidence is strongly against this being the case.
The earliest superstructures known 3 are not conical at all, but rounded, and
it is clear that the pyramid grew, by distinct stages, out of the low platform,
square in plan and with a batter on its sides, which formed a superstructure
for the early Old Kingdom tombs. A pyramid, in fact, is the development
of a compound ‘mastaba’.*

Columns can be referred back in many cases to extremely primitivc
forms. A bundle of reeds, when suitably worked up with mud, can be
made to support such heavy weights as the counterpoise of the water-
raising appliance now known as the shadif. Another and stronger sup-
porting medium is the palm-trunk, which is of no use for planks. It
requires no great stretch of the imagination to turnish a column with a head
suggestive of the material from which it has been derived; thus, at Abusir,
columns of the Vth dynasty are found with palm-frond capitals, while the
papyrus column appears to be of even earlier date, since the capital of a
pilaster of this form is found at Saqqara dated to the IIIrd dynasty (Fig. 7).

U PETRIE, Arts and Crafts, p. 63. in plan and with a batter on cach face, have long
: Prrrie, The Palace of Apries (Memphis 1),  been known among archacologists under this name.
Pl XVIIL Tt is the Arabic word for the mud platform used as
3 Perre, Gizeh and Rifeh, PLV g a scat outside the doors of the houses.

4 The superstructures of ancient tombs, rectangular
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Thenext stepin thedecorationof columnsseems to have been to furnish them
with floral capitals suggestive of the lotus or lily, which it was the custom to
tic round the tops of the posts supporting the roofs of houses. The Lotus
Column comes into use as early as the Vth dynasty (Fig. 159).

A hut, in Egypt, is roofed with reeds or palm-fronds, which keep out the
heat admirably. There is no evidence to show that planks were ever used
for this purpose. It would not be justifiable, therefore, to suppose that the
flat roof-blocks of the temples had their origin in planks; it is more probable
that they developed naturally from the use of good stone.

The carliest stone roofs known are of blocks laid on edge, the depth
being at least twice the breadth. The under sides of these blocks are cut
into a semicircle, often painted to represent logs or palm-trunks laid side
by side. This form of roofing is seen in some of the IIIrd and IVth dynasty
mastabas at Saqqéra and Giza, and it also appears in the newly discovered
chapels of the time of King Zoser. Such aseriesof blocks has the disadvantage
of offering many opportunities for rain to enter, though it must be admitted
that, in the Zoser masonry, the good condition of the paint on the under side
of these stone ‘logs’ shows that very little rain actually did come through.
When the increasing use of sandstone made it possible to roof comparatively
large spaces with slabs rather than with blocks of the form just described,
it seems that the tradition of the log-roof almost fell into oblivion.

Having very briefly surveyed the manner in which some of the more
important architectural forms may have taken their rise, we have next to
inquire into the actual birth of masonry in Egypt. Until recently this
seemed fairly clear. At Abydos, in the tomb of King Kha‘sekhemui of the
ITnd dynasty,' the tomb-chamber was lined with stone instead of having
alining of wood like thosc of his predecessors. The tomb-chamber measured
17 feet by 10 feet and was ncarly 6 fect in depth. Besides this building,
a granite jamb for the temple gateway was found at IHieraconpolis.?
Sa-nakht, the first king of the IIIrd dynasty, had a mastaba at Beit Khallaf,
200 feet long by 8o feet wide, which contained three small stone chambers,
and at Beit Khallaf there is also a large mastaba, 300 feet long and 150
feet wide and over 30 feet high, which some consider to have been one of
the tombs of King Zoser. In it there is a long descending passage, barred
by five great portcullis blocks moving in masonry, leading to a wide hori-
zontal passage. At the bottom there are a dozen chambers over go feet “
underground. From clay sealings, there is no doubt that it must be dated

v Permr, History of Egypt (1923), i, p. 37, and 2 Quisert, Hieraconpolis, i, Pl II. Now in the
Royal Tombs, ii, pp. 12—14. Cairo Museum.
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at any rate to Zoser’s reign.! The next example of masonry known was the
Step Pyramid of Zoser; this, for size, far exceeded anvthing which went
before it, though all that could be seen of it until recently was the rather
coarse core. It contained peculiar decoration, such as a chamber beautifully
lined with glazed tiles, on which account some scholars considered that
much of it had been reconstructed in late times. The IIIrd dynasty was
followed by a period, believed to be of about 100 years, during which five
kings reigned, of whom we know nothing save the names.2 The so-called
False Pyramid of Sneferu, the last king of the IIIrd dynasty or the first
of the IVth dynasty, was the next piece of masonry known, and its fine
casing and well-built pyramid-temple are nearly on a level in quality with
the pyramids at Giza which followed it.

This, then, was the supposed sequence leading up to the gigantic con-
structions undertaken in the IVth dynasty. ‘The recent researches carried
out by the Antiquities Department at Saqqéira have, however, compelled
scholars to revise their views very considerably on the birth of masonry in
Egypt, for the buildings around the Step Pyramid, also certainly of the
IIIrd dynasty, are of a type of masonry never hitherto encountered, and
show architectural features which are quite new to archacologists.

A superficial examination of the masonry of King Zoser’s reign might
well give the impression that, apart from its delicacy and its pleasing archi-
tectural forms, it is of superior quality to that of the pyramids and temples
that followed it, and the idea seems to be gaining ground that this form
of masonry became, for some mysterious reason, a lost art. This is entirely
erroneous. The Zoser masonry is, generally speaking, of much poorer
quality than that of good mastaba and pyramid masonry of the IVth and
Vth dynasties, and the structures, owing to the smallness of the blocks
used, were not calculated to last any great time. Lither during the end of
the reign of Zoser or in the little-known period which followed it, greater
strength was sought, especially in the royal funerary buildings, and the
size of the building-blocks was greatly increased. As soon as the weight of
the blocks became such that they could not be /Zfted by a party of men,
considerable changes in the dressing and laying technique had to be evolved,
since the Egyptian appears never to have invented the pulley and lifting-
tackle (p. 85). The more the IIIrd dynasty small-block masonry is
studied, the more clear it becomes that the megalithic masonry which
followed is merely a development from it.

'V GarsTANG, Makdsna and Bét Khallif, Pls. VI 2 The Abydos list only gives three kings in this
& VIIL period. Petrie, History of Egypt (1923), i, p. 39.
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Fig. 1. )Parr of the fagade of the chapel of a princess of the IT1rd dynasty. Saqyira
(Photograph by the Antiquitics Department, Egyptian G()'\'crm‘ncnr) .

l‘lIgI‘Iz.i Fluted columnoids in the small temple behind the sed-festiv
rd dynasty. (Photograph by the Antiguities Den: ) i
i v graph by the Antiguities Department, Fgyptian Government)

al temple at Saqqgdra.
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Fig. 3. Colonnade of King Zoser at the south-cast corner of the temenos wall round the
Step Pyramid. [TIrd dynasty; Saqgira. (Photograph by the Antiquities Department,
Fgyptian Government)

Fig. 4. Cross hall at west end of Zoser's colonnade. T1rd dynasty; Sagqira.
(Photograph by the Antiquities Department, Egyptian Government)
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The great surprise which Zoser has provided for the student has been
the use of pilasters, though the presence of flutings on some of them created
more interest among the general public. [Flutings occur sporadically almost
throughout the dynasties (p. 139), though pilasters are hardly known even
at such late times as those of the Ptolemaic and Roman temples of Edfu,
Qalabsha,and Dendera. A pilaster may be described as a ‘ghost of a column’,
and has little, if any, constructive value; it belongs to the masonry of a wall,
but makes it no stronger. In the masonry of Zoser, the strange anomaly is
found of the presence of the pilaster but not of the free-standing column.
Apart from their decoration, they are of two types, the true pilaster (Fig. 1)
and what may architecturally be described as a pilaster, but must really be
considered as the incorporation of a wall and a column (Figs. 2—4). Mr.
Cecil Firth, describing these in the Annales du Service, vol. xxv, p. 158,
remarks: ‘It is quite clear that the builder was perfectly acquainted with the
free-standing column, but that in this case he preferred to carve it at the
end of a short wall in order to support the heavy roof of limestone beams
painted red to represent logs of wood . ..’

Dr. G. Reisner, referring to the Giza mastabas of the IVth dynasty, has
kindly informed one of the writers that:
‘slabs of limestone, of an extreme length of 250 to 285 cm., formed a practical
roofing material; the longer slabs are from go to 8o cm. thick. The limestone in
the walls lies in its natural position with the strata horizontal, as also do the roofing-
slabs and the architraves. The square pillars used in the fourth dynasty have the
natural strata running vertically. The stone is so well selected and the architrave
so carefully set that the splintering of a column is very rare indeed. The strain on
the middle part of the architrave and the roofing-slab was not more than the stone
could bear. The span over which the weight was borne was usually between
120 cm. and 10 cm. and over these roofs there was usually only a layer of filling
20 to 100 cm. thick.’
It seems that Zoser’s architects could trust the stone to span a gap of some
nine feet, but did not dare to put roofing-slabs on an architrave spanning
this distance; on the other hand, it may have been that it was the supporting
power of free-standing columns constructed of small blocks that they
doubted. It must not be imagined that at this period the actual use of logs
for roofing was merely a tradition from the dim past. Dr. Reisner has in-
formed the writers that the northern corridor and the magazines of the
Mycerinos temple at Giza were roofed with wooden logs.t
! In the great I11rd dynasty mastaba on the north  dors, and on these the roofing beams were laid. In

of the Step Pyramid, baulks of wood were placed  this building the under sides of the roof-blocks were
along the top of the masonry walls lining the corri-  rounded to represent logs. The purpose of the
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Among the more interesting architectural forms found in the Zoser
masonry may be cited the ribbed columns which formed the colonnade on
the south-cast corner of the girdle-wall of the Step Pyramid (Figs. 3 & 4).
This form of column is never subsequently encountered. Its capital was a
simple one, surmounted by a wide abacus.t Another strange form is the
papyrus-stalk pilaster, with the triangular section which is characteristic
of the reed (Fig. 3 & Fig. 153). The capital represents the spreading
papyrus flower, and this form continued to be used, on columns, until
the latest dynastic times. The fagade of the upper part of one of the
buildings was originally ornamented with a series of slender fluted pilasters
—three to each chapel—supporting a curved or arched cornice. These
pilasters, so far as is yet known, terminated above in a form resembling two
pendant leaves, one on cach side (Figs. 5 & 06), which were pierced from
front to back with a roughly cylindrical hole, perhaps to assist in the sus-
pension of an awning for sheltering the unroofed court in front. They
may, on the other hand, have received copper spouts for draining the roof.

An interesting problem arises in connexion with the Zoser masonry,
whether the architectural forms and technique developed during the reign
of Zoser or whether they had a considerable history behind them. At first
it secems incredible that they could have been evolved so quickly, and the
presence of the pilaster has been held to be proof absolute that free-standing
columns must have existed in earlier stone buildings. The writers are in-
clined to believe that the art of laying finely dressed blocks may well have
developed during Zoser’s reign, the forms being translated from brick and
from vegetable growths. Free-standing columns must, indeed, have been
known before Zoser’s time, but perhaps only in the primitive form of palm-
and tree-trunks and reeds stiffened with mud (p. 6). Such columns,
when translated into stone, had, it seems, to be strengthened by combining
them with the walls, and from this the pilasters in the chapcls of the IITrd
dynasty princesses may have at once developed. In other countries, where
free-standing columns scem to have been constructed from the outset, the
pilaster did not develop for a long time afterwards. It is possible that free-
standing stone columns may have been tried by Zoser’s architects, but that
they were not found to be sufliciently strong to bear architraves and roof-
blocks. It is too early to be certain on these points, and future excavations
at Saqqdra may provide evidences of free-standing columns. Even in the
chapels and colonnades already cleared, traces of progress can be observed;

baulks was to neutralize any uncvenness of pressure 1 See Laver, dnnales du Service, vol. xxvii, pp.
which the roof blocks might exert on the wall. 112-33, where a restoration of the capital is shown.

Fig. 5. Head of a pilaster. Masonry of King Zoser; Fig. 6. Diagonal clevation of the
HIrd dynasty; Saquira. (Photograph by Antiquitics el mE pilaster shown in
Department, Egvptian Government) Fig.

Fig. 7. Pilaster imitating the head and stalk of a papyrus plant, from
the chapel of a [1Ird dynasty princess of Saqgira. (Photograph by the
Antiquities Department, Egyptian Government)
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the courses on the masonry become more and more straight, and other
tricks of the craft enabling closer joints to be constructed can be seen in
their growth. Building with more or less rough stone blocks had been
known in Egypt for some centurics before Zoser, and the knowledge of
cuttingand dressing the hardest rocks had been well known from early pre-
dynastic times, so it is less surprising that, when once builders had conceived
the idea of copying the attractive architectural forms seen in the houses in
such a fine, easily worked stone as was found in the Tura-Ma'‘sara quarries,
the art should have developed with great rapidity. When gigantic struc-
tures built of great blocks were constructed, intended to last for all time,
the delicate decoration of Zoser was no longer used, since it would have
been out of place in a building where grandeur and extreme accuracy of
work were the objects of the architects.
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QUARRYING: SOFT ROCKS

OCKS may, for convenience in studying the ancient methods of

quarrying, be divided into ‘soft’ and ‘hard’. Entirely different methods
of ‘getting’ the stone were used for the one and for the other. The soft rocks
which were used for building are the limestones and the sandstones and, to
a much smaller extent, the calcite, or Egyptian alabaster. The hard rocks
are the granites, the basalts, the diorites, and the quartzites.

Limestone extends from Cairo up the river as far as Esna, where it gives
way to sandstone, which, with occasional outcrops of granite and diorite,
extends throughout Nubia.

From the ecarliest times, the principal limestone quarries were those of
Tura and Ma‘sara, which lie about four miles south of Cairo. Another
interesting series extends from Beni Hasan to Sheykh ‘Abida; in fact,
wherever a stratum of good building-stone occurs anywhere near the Nile,
there may be seen the ancient workings (Fig. 8). Since stone is required
to- d1y for the construction of embankments to check the encroachments
of the Nile, a certain number of ancient quarry-faces have had to be sacri-
ficed, though the Antiquities Department endeavours to respect as many
of the ancient workings as possible. This sometimes involves great expense,
as, for example, in the case of the Beni Hasan quarries, where stone has to
be brought from a considerable distance up river in order to keep the
ancient Egyptian quarries intact. It is a great pity that no ‘learned socicty’
sends out a qmllﬁcd person to make a complete study of the ancient quarries.
The reason for this neglect appears to be that such a study would not be
likely to furnish ochcts of interest to muscums, to the securing of which
new information is too often a secondary consideration.

During the period in which limestone was the principal building—stonc
—the Old and apparently the Middle Kingdoms—buildings are conspxcu-
ous by the relative smallness of their apartments. Limestone is not the
medium for architraves; the most that can be spanned, for instance, by
Tura or Ma'sara limestone is about nine feet. Even when such a space is
spanned by an architrave, it will not bear roof-blocks with any likelihood
of lasting. It was necessary, in the early masonry at Giza, to obtain granite
for the purposes of roofing if any apartment of considerable size was re-
quired, or else to construct a corbelled or a pent roof (Figs. 218 & 219).

End of a gallery:

Ma'sara quarries
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Fig. 10. Top of a quarry-face in a gallery at Ma'sara, showing where the stone
has been cut to waste at the roof to ‘get’ a new series of blocks. “I'he slots on the
right were to enable the quarrymen to cimb up to their work

Entrances to ancient galleries in the limestone quarries at Ma‘sara. Note the
standing before the central opening

e

figure

SOFT ROCKS 13
It was duc to the exploitation of the fine sandstone quarries at Silsila
that the New Kingdom architects were able to build on such a magnificent
scale. We are very short of information on Old Kingdom templesin Upper
Egypt, but we may safely assume that, had the value of sandstone for roofing
been known, it would surely have been brought to Giza, and that the archi-
tecture wo uld have been very different from what it actually was. The same
remarks apply to the Middle Kingdom, though our knowledge of this
period is practically confined to the XIth dynasty temple at El-Deir el-
Bahari and to the Labyrinth at Hawira, neither of which shows apartments
of any great size.

All the soft stone blocks were quarried on the same general principles;
the vertical faces of the blocks were cut out by means of metal tools and the
blocks were finally detached from below by the action of wedges. The most
striking point to be observed in ancient Egyptian quarries is the orderliness
with which the stone was ‘got’. Instead of being wrenched from the hill-
side, as is so often done to-day, in ancient times it was removed in roughly
rectangular blocks.

We may, for convenience, divide the soft stone quarries into ‘open’ and
‘covered’.” The open type is found where the good stone starts from the
surface, as at Beni Hasan, Silsila, and Qertassi, and the covered type where
it only lies in a stratum at a considerable depth below the surface, as in
many of the Tura and Ma‘sara quarries (Iig. 9). Though the principle
used in detaching a block was the same for both, the order in which the
blocks were got was sometimes considerably dliTercnt

In a covered quarry, the faces were ncquy always maintained vertical,
and worked as far down as possible before a new sct of blocks was extracted
from the face behind. One vertical face having been finished, the rock was
cut to waste at the roof of the gallery as far in as was required to get behind
what was to be a new series of blocks, a kind of shelf being made, of a
sufficient height—usually a little over a yard—for a man to kneel or squat
in it and make a vertical cut at the back of the linc of blocks, and other
cuts to scparate one block from its neighbours. This line was removed by
driving small wedges in from the front, thus lifting the block from its basc.
Slots up the face ot the quarry are often seen, by which the ancient quarry-
men climbed up to their work (Fig. 10). It will be noticed, on the quarry
faces shown, that no traces of wedges can be seen. It is only when a quarry
is excavated until the lowest workings of any particular face are reached,
that it is possible to observe the wedge-marks on the rock from above which
a block has been lifted. In the case of the Tura limestone the rock parts
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with great ease; in modern quarrying, two very small slots are cut at the
base of the block, and a few taps with a sledge-hammer on chisels inserted
into these easily liberate it.

In the Tura and Ma‘sara qmrncs laminations are not very marked in
the best strata, but in the quarries in which they occur, such as those at
Silsila, they are freely taken advantage of.

Many of the quarries had sloping ways leading down from them, some-
times very steep, possibly so that the blocks could be rolled down to the
sleds on which they were transported (p. 88). Since the blocks were not
fine-dressed at the quarry,such rough treatment would not cause any serious
damage.

Few things arc more impressive than the large covered quarries. At Tura
and Ma'sara, for example, they appear from the river as almost rectangular
openings—some like great doorways, others wider than they are high (Fig.
11). The entrances appear as dense black spots against the intense bright-
ness of the sunlit cliffs. From the floor-levels of the openings, long shoots of
rubbish may be traced descending into the plain below. On approaching
one of the openings, one begins to sce that within there are massive pillars,
more or less square in plan, but very irregularly placed. They support the
overlying strata, in which the rock is not of suﬂlcmntly good quality for
bunldmg The opening, which appears of insignificant size from a distance,
is often in reality more than twenty feet high, and the gallery sometimes
goes hundreds of yards into the mountain, pillar following pillar until they
arc lost in pitch blackness. Herodotus states (Book 1I, sect. 24) that the
quarries which supplied stone for the Giza pyramids were on the east bank
of the Nile, but such a statement should be accepted with some caution,
since, like so many ancient authors, he did not sift his evidence with over-
much care. It is almost certain, however, that the stone for the casing of
the pyramids and the fine lining of the countless mastabas which extend
from Abu Rawish to Sqqqﬁm came from the Mugqattam-Tura-Ma'‘sara
arca. The limestone from this region was not only sent freely to the great
Delta cities, such as Sais, 'I'anis, Buto, Bubastis, and Mendes, but it was
even shipped up-river for door-jambs and lintels as far south as Aswin.
The drain on the qmrnes during the three thousand odd years they were
in use is almost past imagination, and the appearance of the cliffs in their
original state can hardly be gauged.

The open quarries, of which Silsilaand BeniHasan are the finest examples,
are hardly less striking than the closed ones. At Silsila, the Nile flows
through a narrow gorge without any cultivation on either side of it. For

SOFT ROCKS IS
half a mile along cach bank, huge bays—some almost like courtyards—can
be seen one after another on both banks of the river, the quarry-faces being
almost vertical, and showing the same orderliness of work which seems
always to have characterized ancient Egyptian methods. The quarries are
open to the sky, since the good stone extends downwards almost from the
surface. The cleavage of the stone is horizontal, and at intervals there arc
vertical faults extending far down into the ground, and quite unstained.
Some of the faces are as much as forty feet high. Unlike the Tura and
Ma‘sara quarries, those at Silsila show few evidences of tunnelling.

‘The Beni Hasan quarrices are not worked in the form of closed bays, but
otherwise the stone secems to have been extracted by methods exactly
similar to those used at Silsila. They extend for at least three miles along
the cliffs in two very definite strata, away from which the stone is powdery
and poor. The best stone is an extremely hard limestone full of little fossils.

South of Silsila there are many sandstone quarries, but none of any
magnitude until the First Cataract has been passed and Qertassi is reached.
From here came the stone used for Philae, with its temples, quays, and
colonnades, and for the temple of Qertassi itself. It is obvious that a very
great amount of stone has been taken from this place—far more than would
be required for Philae alone. It must, therefore, have been exported for
other temples, but it is difficult to determine for which, since the Nubian
temples all had their quarries close to them, and it can hardly be assumed
that the stone was transported across the First Cataract.

Proceeding south from Qertassi, the quality of the sandstone becomes,
generally speaking, worse and worse, and the temples constructed from the
local quarries have suffered in consequence. At Soleb, for instance, be-
tween the Second and Third Cataract, there is the ruin of a stately and
ambitious temple of Amenophis II1, closely resembling in its architectural
treatment the temple of that king at Luxor. Constructed as it is of the
miserable Nubian sandstone, the architect must have met with the greatest
difliculties; the stone was quite unsuited to the conventional trabeated
design on a large scale, and it must have given way very early in the history
of the structure. At Gebel Barkal, the material was, if possible, even worse,
and the temples are consequently in a deplorable state of ruin.

The chief difference between ‘getting’ the stone in a covered and in an
open quarry is that, in the latter, a larger number of blocks at one level can
be worked on simultaneously, whereas in the former the part cut to waste
below the roof rarely extends inwards for more than three blocks’ breadth.
When work in an open quarry has been stopped, the floor presents the
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16 QUARRYING

appearance of steps (Iig. 12). In such quarries, the tops of the blocks to
be ‘got’ were often marked out by a succession of indentations with a chisel
or with red ochre, the double line so indicated—that is, the top of the next
separating trench—being some 4% inches wide. In the Silsila quarries,
there is a block that has not yet been detached from its bed, but is in all
other respects ready for removal. It measures zo feet by 2 feet 7 inches by
s feet high and was intended, no doubt, for one of the massive architraves

Tz
—=

Fig. 12. Diagram showing method of extraction
of blocks in a quarry.

which extend from column to column to carry the roof-slabs. Only two
ends of the block had to be cut, since advantage was taken of the vertical
faults which are a featurc of these quarries.

At Silsila, the blocks were removed in the usual manner by the action
of wedges driven in horizontally at the base, the distance between successive
wedge-slots being some 41 inches. Occasionally, traces of wedges which
have been used vertically may be seen, where a block has been torn from
the quarry-face instead of trom its bed. Wedges acting vertically seem
never to have been used in the Ma'sara quarries.

Another interesting example of ancient quarrying is seen in the area
north of the Second Pyramid, whence large blocks have been removed to
leave this side of the pyramid level and to fill up the low parts on the
southern side. Even in this ‘cutting and filling’ work, the same economy
in extraction can be observed (Fig. 13). The bottoms of the separating
trenches, which measure some two feet in width, can still be seen over a large
area, the blocks which were removed having been, on the average, nine

g R

Fig. 13. Levelled area on the north side of the Second Pyramid at Giza. “I'he blocks
removed from here, measuring nine feet square, were used to fill up the low ground on the
southern side
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Fig. 14. "Tool-marks on a quarry-face near Beni Hasan
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separating-trench in the Qdau quarry (Fug. ¢

-aph by Guy Brunton, Esq.)
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nine feet square. Whether, at any period during the working of this quarry,
it ever had the appearance of steps (Fig. 12) is uncertain; it seems likely,
however, that the blocks were removed layer by layer, since it was required
to leave this area level, and such would be the most practical method.

In ancient Egyptian quarrying, it is remarkable how narrow are the
cuttings used for separating a block from the parent rock or from its neigh-
bour. Except for the largest blocks, the cuts rarely exceed 4% inches
in width. The difficulty of making a cut with a chisel of any depth
is by no means trifling. A plain copper chisel (I'ig. 263) struck with a
wooden mallet, seems to have been the normal method of cutting the soft
rocks, and if this was the method used at the bottoms of some of the
separating trenches between successive blocks, the chisels would have
had to be of considerable length. A very fine copper chisel, measuring
19 inches in length (Fig. 263) is known from Gebelein, but unfortunately
its date is uncertain, though it is undoubtedly pre-Roman. In spite
of the existence of such long chisels, it has, however, seriously to be con-
sidered whether some form of mason’s pick can have been known to the
Egyptians. To-day, in the Tura quarries, stone is cut with a pick, which is
ahammer with a stecl head of some five pounds weight pointed at both ends,
the haft varying from one foot to two feet in length. This is held in both
hands and the stone is struck with fairly soft blows. The marks left on
the quarry-face after extracting blocks with this tool very strongly resemble
those left by the ancient quarrymen. The work with a mason’s pick leaves
cuts lying more or less on a curve, whereas thosc made by a chisel and
mallet arc generally cither straight or quite irregular. Many of the
Egyptian quarry-faces show the cuts distinctly lying on the arc of a circle
(Fig. 14), but this is not sufficient proof that the Egyptians knew the
mason’s pick of the type used at the present time; certainly no example
has been found, nor is it depicted in the sculptures. It is quite within
the bounds of possibility, however, that some form of pointed tool was
attached adzewise to a haft for use in quarrying. At any rate, the adze
is amply vouched for in ancient times, and is known to have been used,
in the late dynasties at least, for stone dressing. If such a tool were used
by the Egyptians, it would have had to be fairly heavy, or else weighted
in some manner, since the value of the mason’s pick for cutting stone
depends on its mass rather than on the force with which it is brought
down. The problem of the forms of quarrying tools used for soft rocks
has to be left in this rather unsatisfactory state until further evidence is
forthcoming.



o~ —

-~ N N

A~ -~ ~ e e Y = S -—

18 QUARRY ING

The nature of the metal of the stone-cutting tools also presents problems
which have not yet been satisfactorily solved. T'his, however, applics to
the attack on the hard rocks rather than the soft, and is discussed in
Chapter III. There is little reason to believe that the tools were of other
metal than copper or bronze, which will cut the softer rocks with compara-
tive ease if tempered by hammering and heating, though admittedly at the
expense of constant re-sharpening.

In quarrying a block of any great size, as, for example, one for a large
sarcophagus, the separating trenches would have, of necessity, to be at
least two fect wide to enable a man to get into them and work, and to take
the points of large levers by means of which the block could be handled
(p- 88). The British School of Archaeology in Egypt, during their
season at Qdu, kindly cleared, for one of the writers, a small quarry from
which a block of such a size had obviously been extracted (I'ig. 15). The
rock in this quarry is a very hard limestone. The quarrying of the higher
level (above 4 B) has been done by pounding it with balls of hard stone,
probably dolerite, the normal method for the hard rocks (p. 26), while
a large block, which measured about g feet by g feet by g tect deep has
been cut out by means of metal tools. In the illustration, the probable
dimensions of the block extracted are indicated by dotted lines. The tool-
marks on the sides of the separating trenches are almost parallel, and rarcly
pass into one another (Fig. 16); this suggests that the tool was driven into
the stone almost vertically, that small trenches were cut across the line
of the separating trench at intervals of from one to two inches, and that
the stone between these trenches was chipped or hammered away. It must
be admitted that to do this would require a tool of great hardness.

It has been remarked that the blocks were detached from their beds by
means of wedges, and it is of interest to determine whether they were small
pieces of metal hammered into the slots cut for them, cither with or without
the two metal strips on cither side of the wedge (‘plug’) now known as
‘feathers’, or whether the wedge was made of wood and caused to expand
by being wetted with water. For the smaller limestone blocks it is certain
that hammered wedges were employed, quite possibly, in some cases, in
conjunction with ‘feathers’. \Wedges of iron arc actually known from ex-
cavations in the Ramesseum, but they are of late dynastic date.! ‘Feathers’
are also known in late Egyptian times, though no examples of early date
have been preserved. In the quarries of the Wady Hammamat there are
frequent references to workers of iron, who may well have been those who

t For further notes on wedges, see p. 23.
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forged the wedges. In the Qdu quarry already described, it will be seen
(Fig. 15) that below, where the block has been removed, there are trenches
which had been cut partly beneath it. On the surface from above which
the block was torn there are no traces of wedge-slots, from which it may
be concluded that the trenches played some part in the extraction. By no
possibility could any form of hammered wedge have been used in this case,
though wood packed into the trench and made to expand by wetting
might well have been the medium employed to tear the block from its
base. In the granite quarries of Aswin, wedge-marks are sometimes seen
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Fig. 17. Sketch-plan of the entrance passage to one of the enclosed
bays in the ancient sandstone quarries of Gebel Silsila.

of so great a size that, without the Qfu example, it might be deduced that
expanding wooden wedges had been employed.

Apart from the problem of the methods employed in extracting the
blocks, a study of the quarries reveals many features difficult of explanation,
especially when the floor of the quarry is not clear of debris, which is the
case in the vast majority of them. In the Silsila quarries, for instance, no
satisfactory explanation is forthcoming of the reason why they were left
in the form of enclosed bays, the more so since the passage between the
bay and the river is rarely straight, sometimes, on the contrary, having quite
a tortuous course. Since the quarries are quite close to the river, it is a
possibility that the descent was found to be too steep, and that the quarry--
men feared that a block would be difficult to control down a straight path.
The floors of such of these passages as have been examined are quite rough,
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and there are no indications that they had been prepared for sleds (p. 89).
At certain salient points in these zigzag entrances to the quarries (Fig.
17, A), holes have been cut in the angles of the rock. These holes are more
or less square in section and measure about 12 inches in height and
some 6 inches in width. A rope passed through them might conceivably
have assisted in handling the blocks, but it must be admitted that the holes
show no signs of the friction which a rope so used would be expected to
produce. Similar piercings can be seen at the water’s edge. These holes
are not only known in the Silsila quarries, but also occur here and there
at Tura and Ma‘sara. In the latter quarries a pair of holes of the same
dimensions as those cited can be seen about 15 feet above the present
ground level at the entrance to one of the gallerics (Fig. 18). No explana-
tion of their use is at present forthcoming. In the Qdu quarry, on the other
hand, the hole at 4 (Fig. 15) can be explained; its undoubted function
was to serve for the attachment of a rope to enable the quarrymen to
clamber up on to the platform from the slope leading to the cultivation, in
order to save a detour of some twenty yards. Itis more prudentto leave the
explanation of these holes until the floor of the quarry near them is cleared,
when some such connexion as that observed in the Qiu quarry may well
be forthcoming.

Alabaster (calcite), being a soft rock, was quarried in much the same
manner as the limestones and sandstones. The best known of these quarries,
the Het-Nub of the ancient inscriptions, lies out in the desert about 1§
miles south-cast of ElI-‘Amarna. In form it is a gigantic pit cut down into
the rock to a depth of more than 6o fecet and approached by a narrow
sloping way (Tig. 19). The whole excavation measures about zoo yards
across. On the sides of the entrance passage are the names of some of the
overseers who were responsible for getting the stone and those ot the kings
who sent them, some of which date back to the IVth dynasty. The quarry-
faces arc constantly intersected by large faults, which must have rendered
the extraction of masses of rock of practically any size an easy matter once
the initial excavation had been carried out. The quarry is now full of great
boulders, fallen, or brought down trom the sides, and it seems likely that
the blocks were partly dressed inside the quarry. At the top of the entrance
passage there is ample cvidence that the dressing was carried still farther
after the block had been raised to desert level. From the quarry to the
cultivation, wherever the desert track became difficult, embankments can
be traced—often of very considerable size—some spanning gorges, others
forming a flat track over the undulating desert.

l‘rg. 18. Holes cut for an unknown purpose in a quarry-
face 15 feet above the present ground level. Ma'sara
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Fig. 19. Alabaster quarry anciently known as Het-nub.
entrance passage gives some idea of the heig

: ) the
ceight of the sides of the excavation, which in
some parts is nearly 60 feet

b
The figure on the left of
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The quarry inscriptions give the date at which stone was taken and
the name of the person in charge of the work, but furnish very little
information, if any, on the methods employed. One inscription at Tura,
of the time of Amenophis III, tells how the king ordered galleries to be
re-opened for the purpose of quarrying the finc limestone of ‘Ayan after
His Majesty had found that they had fallen into disrepair.t  Another class
of inscription, of late date, is frequently noticed in the Tura and Ma‘sara
quarries, consisting of a dedicatory note, usually in Demotic, to the
deity who was supposed to preside over the gallery, and mentioning the
name and affiliation of the works-foreman.z In these quarries, it seems
that a record of the amount of stone extracted by a gang was kept on the
roof, by marking on it the position of the vertical face at the beginning of
the work.

At Gebelein, there is an interesting inscription of the time of King
Nesibanebded, of the XXIst dynasty, in which it is stated that 3,000 men
were sent there to get stone for repairing the canal-wall of Tuthmosis III,
which had fallen into ruin.3 There are suggestions that the king himself
paid a visit to the work. In the Hes-Nub alabaster quarry, there is an
inscription of the time of King Mernerg’, of the Vth dynasty, where a
noble called Uni records that an offering-table of that material was cut and
brought to the Nile in seventeen days, and that a large boat was prepared
in the same short time to transport it.+ In the tomb of Dhuthotpe at El-
Bersha, it is stated that in the time of Senusret III, of the XIIth dynasty,
a statuc 13 cubits (22 feet) high—which would have weighed some 60
tons—was transported from the same quarry. The inscription comments
on the difficulty of the road from the quarry to the river.s At Silsila, an
inscription of Seti I records that the king, in his sixth regnal year, sent
an cxpedition of 1,000 men to transport a monument, and that he paid
the party 20 deben (4 1b.) of bread and two bundles of vegetables daily per
head, and that each received two linen garments per month.6

The use of troops in the quarries was not entirely for kceping order
among the quarrymen. In a letter of the VIth dynasty found at Saqqéra,?
an army officer in charge of a detachment stationed at the Tura quarries,
in reply to an order from headquarters to draw clothing, complains that
when he recently spent six days with his men at the Residence-city, he

! BreasvED, Ancient Records, ii, § 875. s 1bid. i, § 6q0; scc also p. 8s.

2 SpiRGELBERG, Annales du Service, vi, pp. 219~33. € [bid. iii, § 206.

3 Breasteo, Ancient Records, iv, § 62y. 7 For the translation and discussion of this letter sce
4 1bid. i, § 323; sce also p. 34. Gunn, Annales da Service, vol. xxv, pp. 242-55.
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was not issued with clothing, and points out that to bring them over again
for that purpose means the loss of a whole day’s output of work. If the
detachment had been merely on guard it is hardly likely that the officer
would complain of a day in town. On the other hand, if he were responsible
for so much stone being supplied in a given time, his complaint is more
easily understood.

III
QUARRYING: HARD ROCKS

HE principal hard rocks used for building in ancient Egypt were the

pink and grey granites from Aswin; the use of all the others is only
occasional. Basalt was used in the temples of the Great and Second
Pyramids of Giza and in two of the Vth dynasty temples at Abusir. The
walls of the great cenotaph of Seti I at Abydos, commonly known as
The Osireion, and the burial chamber in the pyramid of Amenemhét II1
at Hawdra,! are of quartzite.

The schists from the Wady Hammamait, though much prized, and
used for sarcophagi and statues, were never employed in building.

Granite, of various colours, occurs on the east bank of the Nile at Aswin,
and the ancient quarries are found chiefly in the area bounded by the Nile
and the Aswan-Shelldl railway. Boulders from which blocks have been
detached by means of wedges can be seen by the thousand, and all over the
arca great embankments, which facilitated the transport of the blocks to
the Nile, can be traced leading from the quarries.

Basalt is found at Abu Za'bal, near Khinqa, and there are outcrops at
Post No. 3 on the Cairo-Suez road and also at Kerdasa, near Giza. It
seems likely that the pavement of that material in the Great Pyramid
temple came partly from Kerdésa, though there is no definite proof of it.

Quartzite, the hardest of the Egyptian rocks, occurs at Gebel Ahmar
(The Red Mountain) near Cairo, and there is another outcrop near Gebel-
cin, from which the Colossi at Thebes are believed to have come.

Although quartzite is not often found used for building, its quarrying
demands study, since the extreme hardness of some of its varieties neces-
sitated a technique not used in the quarrying of the granites.

Two methods of quarrying were used on the granites, namely wedging
and pounding with balls of dolerite. The earliest traces of wedges used for

' Sce Petrie, Kahun, Gurob, and Hawara, p. 16,
where he states that: ‘the sepulchre is an elaborate
and massive construction. "The chamber itself is a
monolith 267-5 inches long, 942 wide and 739
high to the top of the enormous block, with a course
185 high upon that, giving a total height inside of
92-4 ... The thickness of the upper course is 36
inches from its face, but the chamber itself is about

2¢ inches, according to the outside seen in the forced
passage from the western well. Itwould accordingly
weigh about 110 tons. The workmanship is excel-
lent; the sides are flat and regular, and the inner
corners so sharply wrought that—though I looked™
at them—I never suspected that there was not a
joint there until I failed to find any joints in the
sides. . ..



—

Pl

—~ A

-

A~ o~ -

24 QUARRYING

splitting granite, which can be definitely dated, are those on the back of
the roof-blocks in the pyramid of Menkewré® at Giza. The best place,
however, for the study of ancient wedging on the hard rocks is at Aswin,
though unfortunately none of the many examples can be dated. Here the
wedge-slots are oblong in shape, usually about three inches in length and
tapering sharply inwards, the interior being quite smooth. It seems that
these slots were not used with wetted wooden wedges (p. 18), since their
taper and the smoothness of their sides would cause the wood to jump out
rather than exert the required lateral pressure. The line of wedge-slots is

Boiuamggy

;

Fig. 20. Wedge-slots cut in a trench in the
granite quarries at Aswin.

frequently cut inside a channel (I'ig. 20); the reason seems to be that the
surface of the boulders is more or less decomposed, and tends to crumble,
and would therefore give no hold to the wedges. Here and there one can
observe very large wedge-slots which may have been used for wooden
wedges made to expand by water. The cutting of wedge-slots almost in-
evitably involves the use of a metal tool, though a chisel-shaped picce of
dolerite, attached to a haft or held in the hand, might conceivably have
bruised them out. It must be borne in mind, however, that tool-marks are
found on certain granite quarry-faces at Aswin which could not have been
made with a stone. Certain scholars believe that the Egyptians could not
cut the hard rocks with a metal tool. Though this is surely erroncous, it is
certain that they could nat cut the hard rocks with a chisel as they cut the
limestones, s.mdstoncs, and alabaster.

In all andient work on the hard rocks which has been left in an unfinished
condition, it is clear that the stone has been struck with a pointed tool,
and it is difficult to believe that this tool was of stone (Figs. 21 & 22). In
an unfinished schist statuctte of Saite date, in the Cairo Muscum (Fig. 23),
the marks of the tool can be clearly seen; each blow has removed a small

hed pink
(The

“airo Museum.,

scale is 6" long)

1 an unfinis

Fig. 22. Tool-marks o1
granite colossus in the C

(The scale 1s 6” long)

Tool-marks on the Ist dynasty basalt

stela of King Smerkhet in the Cairo Museum.

Fig. 21.
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Frg. 23. Unfinished schist statuctte of Saite date in the
Cairo Museum. (I'he scale is in inches)

Fig. 24. Modern quarrving of granite; Aswin. (Metre scale)

HARD ROCKS 2
fragment of the stone without any apparent bruising, and a succession of a
dozen blows or more can be traced without any evidence of wear on the tool.

Nowadays, the only metal used on the hard rocks is steel. To attempt
to use copper, however much one may temper it by heating and hammering
it, is to ask oneself whether the Egyptians did not use a tool of a hardness
approaching tool-steel. It is tolerably certain that steel of this hardness was
not known to the Egyptians. In the ancient language, the words for nearly
all the metals have been identified, and it is incredible that the word for iron
should have covered steel also. Further, cutlery such as razors, chisels, adzes,
axes, &c., is almost always of copper.! Had hard steel been known, such
implements would be expected to have been made from it. An examina-
tion by microscopic section of the copper of the ancient tools shows that
they had never been raised to the annealing temperature, at which the
crystalline structure disappears. Ancient copper tools are no longer of any
great hardness; the edge of a chisel, for instance, soon burrs away if used to
cut moderately hard limestone. If certain alloys, such as tin, are present,
copper can be brought to a temper not far short of mild steel, but this is
not sufficiently hard for cutting out the corners of, for example, a quartzite
sarcophagus, which the Egyptians could do with great accuracy. It is
possible that the Egyptians possessed the now lost art of giving copper a
very high temper. Temper, which is a molecular or crystalline strain, can
disappear in the course of time. We hear now and then of methods being
discovered of giving copper a very high temper, but no definite details of
any of them ever seem to come to hand.

The modern method of splitting granite by wedges gives us very little
help in understanding the ancient technique. The tools used nowadays for
cutting the hole to take the splitting medium in granite are called points,
and are made from $-inch hexagonal steel bar. The bar is cut into lengths
of 6 inches and drawn out by the smith to a blunt point, making it about
8 inches in length. The points are sharpened on a stone and are tempered
after sharpening so that the hard skin shall not be ground away. Special
precautions are taken by good workmen to harden as little as possible of the
tool, so that, when it breaks off, a minimum amount of metal is lost. To
ensure this, the points are cooled after heating by standing them in a stone
trough made to hold water not more than an inch deep. The holes for the
wedges are cut with these points, with the aid of a hammer of about 6 1b.
in weight, and they are placed about 3 or 4 inches apart along the proposed

! A notable exception is the fine hunting-dagger of Tut‘ankhamin, which is of iron with a decorated
gold handle.
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line of fracture (Fig. 24). Each onc is madc about 2 inches decp, not
oblong like the ancient examples, but of elliptical form, the longer axis
being along the line of intended fracture. A good cutter will make his
wedge-holes wider below the surface than at it, so that the point of the
wedge or ‘plug’ shall be clear of the stone at the bottom. The steel plugs
used to split the granite are from 3 to g inches long, and arc of oval scction,
with a taper of three-quarters to half an inch along their length. They are
placed in the holes with their larger diameter at right angles to the line of
the fracture, and they are jammed tight by means of a hand hammer. They
are then struck, in succession, onc blow each with a sledge-hammer, very
careful watch being kept for any sign that the crack is not running along
the intended line. If this happens, it can often be corrected in time by
starting a new series of holes leading back to the point at which the fracture
began to go wrong. No traces of such corrections have been observed in
the ancient work.

In modern work, carc is taken that a block, once wedged off the parent
boulder, falls convemently outwards; but if this docs not happen, it can
always be freed by means of crowbm or tackle. In the Aswin quarries,
blocks are sometimes seen which have been detached by wedges from the
parent boulder, but have not fallen away from it. It seems that they were
abandoned by the ancient quarrymen because they did not possess the
metal crowbars which, apart from such implements as tongs actuated by
tackle, would be the only means by which they could be conveniently
removed. It was apparently easier to start work on another block than to
cut large recesses in the stone into which the points of their wooden levers
could be inserted for getting the block out.

Three forms of hammer used by the Egyptians are known, though no
information is available as to which form was used to drive in the wedges.
The first form is the ordinary sculptor’s mallet (I'ig. 264); the sccond
Is a club—s}npcd picce of wood, which was used both for chiscls and for
hammering in stakes (Fig. 36 & ¥i ig. 61); and the third was a two-handled
implement which was used tor dealing heavy blows (Fig. 38), and of which
actual examples (one in black granite) have been preserved.! It is likely
that the last corresponded to our sledge-hammer. No hammer of modern
type has been found, though it would be somewhat rash to assert that it
was not known.

The second method of quarrying granite, used when the surface outcrop
of boulders did not provide a block of suitable dimensions, is the process

v ExceLnacu, The Problem of the Obelishs, Fig. 10, p. 42.
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which we have called pounding, the systematic bruising away of the rock
by means of balls of a very tough greenish stone called dolerite, which
occurs in some of the desert valleys between the Nile and the Red Sea.
These balls vary from g to 12 inches in diameter and weigh on the average
12 pounds They were mostly used in the hand (Fig 240, & Fig. 266),
though in making a great separating trench it is conceivable that they
were shod on to some form of haft and used much as a road-rammer
is used in Egypt to-day. It is known, at all events, that a dolerite pounding
tool was sometimes attached to a haft, since a piece of dolerite of the
XIth dynasty has actually been discovered, bound by leather thongs on to
two pieces of wood; it had been used in the excavation of the hill-tombs at
El-Deir el-Bahari ! (Fig. 266). Since the process of pounding applied to
a large obelisk has been described by one of the writers in detail elsewhere,?
an outline of the method will suffice here.

To find a flawless picce of granite of any great size, it was necessary to
go down to a considerable depth. "T'here are indications, at Aswin, that the
top layers of rock were removed by burning large fires on or against the
granite. These fires appear to have been banked up with crude brick.
When hot, granite can be made to break up by pouring water upon it,
which renders it so soft and crumbling that it can alinost be broken away
with the fingers. The burning process, however, had to stop before it came
near to the block it was required to remove. The next step was to render
the top of the block more or less flat, which was done entirely by pounding
it with the dolerite balls. On the pyramidion of the great unfinished obelisk
at Aswin, traces of the use of these balls can be clearly scen (Fig. 25). Here
the surfacc is divided into squares of about twelve inches side. While this
was taking place—or so it appears—test-holes, of squarish form and about
a yard wide, were sunk at intervals along what was to be the separating
trench, probably with a view to finding out whether there were likely to
be any serious tlaws in the block. This work may well have been carried
out by the best workmen working in short spells. These test-holes were
made entirely by pounding—a most laborious process in such a con-
fined space.

When the work on the test-holes was well advanced, the separating trench
was begun. In the case of the Aswin obelisk this was nearly 300 feet long
inall (Fig. 26). The width of the trench is some 2 feet 6 inches, and vertieal
lines, drawn in red ochre, can still be seen, which had been projected down

! From the excavations of the Metropolitan * EnceLsacu, The Problem of the Obelisks.
Museum, New York. Now in the Cairo MNuseum.
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28 QUARRYING
from time to time, and which divide the trench into intervals of feet along
its length. The appearance of a foot length of trench at the bottom was
that of two circular depressions (Fig. 27). The method by which a maxi-
mum number of men might pound the rock without interfering with one
another seems to have been that each man was made to work on a two-foot
length of trench, the pounding being carried out in four positions, each
man in the trench working in the same relative position in his portion,
namely, pounding on the left and right half of his two-foot length of
trench, both with his back to, and facing, the monument which was being
extracted. Thus there would always be one foot between a man and his
neighbours. When a man was pounding in one of the four positions he
would have to remove, at short intervals, the granite powder or fragments
which collected on the part on which he was working, and his natural
procedure would be to brush the powder on to the portion of his work on
which he was neither sitting nor pounding. A more efficient method
could hardly be imagined.

The effect of such a system of work would be to leave the sides of the
trench in the form of corrugations. The same appearance is also seen in
a quarry-face above the Aswin obelisk (Fig. 28) from in front of which
another monument of considerable size has been removed.

If, during any part of the work, a suspicious fissure or discoloration ap-
peared, it was immediately given special attention, being pounded deeply
along its length in order to determine whether it would be likely to prove
a serious flaw as the work deepened. Parts of these grooves were often
polished. Signs of this procedure can be scen in many places on the
Aswin obelisk.

When the required depth in the separating trench was reached, the
monument had to be detached from below. In the case of an obelisk, the
use of wedges, whether hammered or wetted, would be certain to set
up uneven strains along its length, and such a long thin block of stone
would certainly not stand it. Hence it was also pounded out from below,
presumably by driving galleries at intervals under it, filling them with
packing of some kind, and then pounding out the remainder. This must
have been the most laborious part of the whole work, since it would have
to be done in a very cramped position. [From a bed from which a smaller
obelisk or similar monument has been removed, it secems that, though
the two-foot job of cach man was maintained, within that length the work
was quite irregular, which is what would be expected. It is probable
that monuments of the sarcophagus type were removed by wedging,

Fig. 25. "The unfinished obelisk at Aswin. (From The Problem of the
Obelisks (Fisher Unwin), Fig. 4)

Fig. 26. "T'op of the pyramidion of the unfinished obelisk at Aswin,

(From The Problem of the Obelisks (Fisher Unwin), Fig. 5)
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Fig. 27. Separating trench in the unﬁn_i.shcd nbclis_k at f‘\.sw:'ln.
t rom The Problem of the Qbelisks (Fisher Unwin), Fig. 11)
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but that the old quarrymen, having taken very great trouble in getting
down to good rock and pounding out the separating trenches, preferred to
take some more in pounding out the monument from below, if there were
the slightest risk of it snapping across owing to the uneven strain which the
wedges would be certain to set up.

The quarry-face above the Aswin obelisk (Fig. 29) mentioned on p. 28
shows many features of interest. Its surface is covered with lines and
marks in red ochre made by the ancient quarrymen. Many of these marks

Inscription

wNot comyle(:e,
excavateg J.

.
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Fig. 29. Workmen’s markings on the quarry-face near the Aswin obelisk.

arc as yet inexplicable, but the vertical red lines clearly indicate that the
corrugations, or foot-lengths, are connected in pairs. Further, it seems
likely that the work on the separating trenches (of which this is, so to speak,
the back wall) was measured by depth, and not by volume of stone ex-
tracted. The markings, which have the appearance of red chains, stop at
about sixty-twoinchesabovewhatwas thebottom of the trench. From this it
scems likely that, from time to time, the foreman stood a three-cubit rod!
on the bottom of each section of trench and marked a small horizontal line
in red ochre to indicate the position of the top of the rod. This line appears
then to have been connected to those above it by an inverted Y. Within
the squares (numbered in the drawing by Roman numerals) there are"”
traces of inscriptions in red, now too faint to be legible. From evidence in
other quarries, it is probable that these were the names of the gangs which

t This ingenious suggestion was made by Sir Flinders Petric.
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supplied the labour for that particular two-foot length of trench. At Giza,
on the roof-blocks in the relieving chambers in the Great Pyramid, and
elsewhere where such names occur, there are generally fantastic phrases in
praise of the king.

From experiments made by one of the writers at Aswin, the assertion of
Queen Hatshepsowet on the base of her standing obelisk at Karnak that
the quarrying of the two obelisks took seven months, is quite credible.!

Such is the process of pounding, which, from the presence of the dolerite
balls, appears to have been used with certain modifications on all the hard
rocks if a large monument were required. It is sometimes found used on
the hard limestones, and in the quarry at Qdu (p. 18), the extraction of
the monument, whatever it may have been, which lay above the large
rectangular block (i.e. above 4B, Fig. 15), was certainly carried out by
pounding, and there is no trace of any metal tool having been used. The

Fig. 30. Scction through a separating-trench
in quartzite quarry at Gebel Ahmar.

rock tombs at Qdu were also largely hollowed out by pounding, the finer
work only having been done by a metal tool.

In quarrying quartzite, the Egyptians seem to have used a metal tool in
conjunction with the dolerite pounders, and an examination of the hardest
red quartzite outcrop at Gebel Ahmar throws some interesting light on the
methods employed. As was the case with granite, if a boulder could not be
found from which a block could be removed by means of wedges alone,
a scparating trench was cut round the portion which it was rcqmrcd to
remove, and the block was finally liberated by wedges, generally acting
from bclow. The ancient wedge-marks still visible in the Gebel Ahmar
quarries are not a series of slots, but form one continuous trench running
nearly the whole length of the side of the block. It seems very likely that
the wedges were of wetted wood (p. 18). Traces of these long wedge-
trenches can be seen in many places at Gebel Ahmar;z they are about

v BRrEASTED, Ancient Records, ii, § 318. Aswin quarries, though we have no information
2 Wedge-trenches are occasionally met with in the  as to their date.

Fig. 31, Quarry-face in thcqmlt/m outcropat Gebel Ahmar, showing
the rumundu of a separating-trench by means ot which a bl()ck has bun
extracted from above ABCD. (The scale is 8 inches long)



—~

-, Mmm em o A e e M N

. . Y .

e Nl o e el o Nalay - Wala

Fig. 32. Front view of a quarry-face at Gebel Ahmar, showing
the ridges which are peculiar to the quarrying of quartzite.
(The scale on the photograph is one foot)

Fig. 33. Vertical quarry-face at Gebel Ahmar, showing marks
made by a pointed tool. ("F'he scale is in inches)
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three inches deep with a slight taper. Their sides are fairly smooth, but
not polished.

The method of cutting a separating trench in quartzite shows certain
differences from that used for granite. In granite, balls of dolerite can be
used to bruise away the stone, and, if necessary, a shaft can be sunk in
granite by this means. The hard red quartzite of Gebel Ahmar cannot, it
appears, be broken up to any great extent by the pounders alone, though a
projecting lump can easily be jarred oft by a heavy blow. The method of
making a separating trench in quartzite seems to have been as follows:
a line of holes, as close together as possible and about two inches in depth,
was made with a blunt-pointed tool along what were to be the two walls of
the trench, and another line of holes was made midway between them
(Fig. 30). These lines of holes became, as it were, miniature separating
trenches, leaving two ridges of rock between them, which were then jarred
off by blows with the dolerite pounders, and the process repeated. On the
quarry-face of the greater part of this outcrop there is a slope of some 10°
from the vertical (Fig. 31). If a tool similar to a mason’s pick were used,
it will be seen (Fig. 30) that the tendency would be, after the ridges had
been jarred off, to make the next line of holes slightly inside the previous
series owing to the width of the tool, which would have the result of leaving
a ridge along the side of the separating trench (Fig. 31, 4,B). These
ridges are a feature of the Gebel Ahmar quarries (Fig. 32) and are not, to
the writers’ knowledge, met with anywhere else. In a few places, the walls
of the separating trenches were maintained vertical, which must have been
the case for all large work. In these cases no ridges are left on the quarry-
face (Fig. 33).

An examination of the hard rock quarries shows clearly that a pointed tool,
most probably of metal, was used in cutting them, and it is likely that it was
some form of mason’s pick. The alternative would be a point used in con-
junction with a mallet. It is a well-known fact among stonemasons that
moderate blows with a heavy tool have a greater effect than the most violent
blows with a hammer on such a light tool as a punch, though the reason is
somewhat hard to explain.! With what success, however, the hard rocks
could be cut with a copper pick is a matter of speculation, and might well
be tried by a person accustomed to using this tool, since skill plays a very
! An analogous casc is seen in the manner in which  giving the tool a slight turn before delivering the.
a quarryman uses his heavy crowbar or ‘jumping  next blow. However hard it is jabbed down, ‘in
iron’ when pounding out a long cylindrical bore to  the hands of an amateur hardly any progress is

take a blasing charge. He brings it down fairly  made, and the edge of the tool is quickly rendered
gently, and checks the rebound with his hand, uscless.
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great part in such work, and a practised workman might obtain results
which could not be obtained by an amateur. Another indication that a
mason’s pick may have been used on the hard rocks is found in certain
statues, where deep and narrow recesses had to be cut, such as those into
which it was intended to inlay the eyes, into which such a tool could not
enter. If a point struck by a mallet had been used to dress the statues, it
would have been equally easy to cut out any form of recess with it. An
examination, however, shows that they were always cut out by mecans
of a series of tubular drills of different sizes (T'ig. 245). This shows that
the temper of their metal was such that it was found quicker, or more
economical, to drill than to cut the hard rocks. Itis very likely that the
point was used, but as sparingly as possible.?

At Gebel Ahmar there is a ledge of rock on which a quarryman has
given a few taps with his tool, either idly or to try its temper or point. It
seems that the point of the tool he used was about onc-cighth of an inch
square. It will be noticed that the loss of metal in a blunt-pointed pick
would not be great, though one would expect that very frequent repointing
would be necessary if the metal were copper as we know it. The marks
on an unfinished schist statuette (I'ig. 23), however, show that the tool
retained its point for a remarkably long time. The Egyptian stoneworkers
never seem to have used a metal tool on the hard rocks if pounding were
in any way possible, unless it was to cut the holes for the use of wedges.
Granite false-doors and other monuments are often seen with the internal
angles left slightly rounded. In the tomb of Rakhmirg® there is a scenc in
which a craftsman is shown pounding out the details of a uracus on the
head of a sphinx (I'ig. 241) with what appears to be a stonc chisel which
he holds in his hand. In the great pink granite colossus, lying unfinished
in the Aswiin quarries, it can clearly be seen that it had been dressed to what
were to be almost its final contours by the use of pounders alone.

A few records exist concerning the numbers of men sent out on expedi-
tions for quarrying the hard rocks. In the IX-Xth dynasties, a little-known
king called Imhotep? sent his son Keniifer to the Hammamit quarrics
with 1,000 men of the palace, 100 quarrymen, 1,200 soldicrs, 5o oxen, and
200 asses. King Menthuhotpe IV,3 of the XIth dynasty, also sent an ex-
pedition there, numbering 10,000 men, to quarry stone for a large sarco-
phagus. Here, 3,000 sailors, probably pressed from the Delta provinces,
were used to move the lid, which mecasured 13 feet 10 inches by 6 feet g

! Encenpach, ‘Evidence for the use of a mason's 2 BreAsTED, Alncient Records, i, § 390.
pick in ancient Egypl’, dnncles du Serzice, xxix. 3 [bid. 1, § 448.
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inches by 3 feet 2 inches, from the quarry to the river. Itis .rclatcd that
‘not a man perished, not a trooper was missing, not an ass died and not

a workman was enfeebled’. ‘
In the reign of King Amenemhét 1111 of the XIIth dynasty, an official
of the same name was sent on the Hammamit expedition for 10 statues,

cach 8 feet 8 inches high. The personnel was as follows:

Necropolis soldiers . : : : : ; ; 28

Sailors . : ; ; : . . 5 . - § 30

Quarrymen . : . : : . : i . ; 3
2,000

Troops . ; ; : : ; : y . .

Under Ramesses 1V,2 there 1s a rchrd of:q very large expedition of
8,362 persons sent to the Hammamit quarries for monumental stone.
The personnel consisted of the following:

High Priest of Amiin, Ramesse-nakht, Director of Works . ; 5 T
Civil and military officers of rank . . . ; ; ; 9
Subordinate officers 362
Trained artificers and artists 1o
Quarr)’mcn and stonecutters . . . . 130
Gendarmes . " : . . : : i : : 50
Slaves . 2,000
Infantry . . : ‘ : . ; = 5,%)00
Men from ‘Ayan . ] 3 i : : ‘ ‘ g fole}
Dead (excluded from total) . A . . . . ‘ g 9%

8,362

Before leaving the subject of quarrying, it may be remarked t']mt the
Egyptians classified their rocks by appearance, ]mrdncss. nn('i locality, de-
scribing the material of a temple, for example, as fine white limestone from
‘Ayan. They had a word for limcstox.lc, for sandstone, for alabaster and
for granite, but the basalts and the schists seem to hqve been all groupcd
together under one term. On the other hand, each variety of quartzite from
Gebel Ahmar had its separate name.

! Breasten, Ancient Records, i, § 710. * lbid. iv, § 466.
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TRANSPORT BARGES

HE working of hard stones, such as granite, diorite, basalt, and

quartzite, was practised by the ancient Egyptians from predynastic
times, and it can be assumed that the knowledge of building barges to carry
heavy weights kept pace with the demand for blocks of ever-increasing
size, since the quarrics for these materials are, generally speaking, far away
from the large towns and cemeteries where they were wanted, and the Nile
was the sole practical means of communication. As far back as the XIIth
dynasty we know of a block of quartzite being transported, presumably
from the Gebel Ahmar, near Cairo, to the entrance to the Fayyam. This
was the monolithic chamber, weighing over 1oo tons, which King Amen-
emh@t III built into his brick pyramid at Hawifra (p. 23). In the New
Kingdom ships were built which carried blocks of granite, some of which
weighed nearly 1,000 tons, from Aswin to Luxor. The determination of
the nature of these ‘august barges’, as the Egyptians called them, is one of
the most perplexing problems that the archaeologist has to face.

Knowledge of ancient Egyptian boats is derived from the following
sources: (@) the overall dimensions given by Egyptian and classical writers,
(4) the actual royal barges of the XIIth dynasty found buried near the
north pyramid at Dahshir, (¢) the many representations of ships, both
pleasure and cargo, mostly of modest dimensions, on the walls of ancient
tombs, and (¢) the numerous models of pleasure, cargo, and religious boats
which, in certain dynasties, were deposited in the tombs.

The only dimensions of ancient boats which have come down from purely
Egyptian sources are those of the cedar-wood boat of King Sneferu,t which
was of 1oo cubits length (172 feet); that of Uni,2 of the VIth dynasty,
which was of acacia-wood and measured 6o cubits (103 feet) in length
with a beam of 30 cubits (51 feet 6 inches), which he, in his autobiography,
asserts took only seventcen days to construct, and that made for King
Tuthmosis I,3 which measured 120 cubits (206 feet) in length with a 40-
cubit (69 foot) beam. Classical writers give certain indications of the sizes
of ancient ships and boats, but these afford very little real help. Pliny, in

v Scuirer, Ein Bruchstick altagyptischer Annalen, p. 30.

* BREASTED, Ancient Records, i, § 3273. 3 Jbid. ii, § 105.
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X 11th dynasty from Dahshar, constructed of small pieces of wood tenoned and mortised togethe
' ' Length

Fig. 34. Royal barge of the
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TRANSPORT BARGES 35
his Natural History (Bk. xxxvi, cap. 14) relates that King Ptolemy Phila-
delphus constructed a boat to carry an obelisk to Alexandria, and describes
how a canal was cut passing under the obelisk (which was lying on its side)
and how the boat was unballasted beneath the obelisk and so took its weight.

Fig. 36. Boat-builders, from the X1Ith-dynasty tombof Khnemhotpe at Beni Hasan.

Other classical writers statc that great ships were built for use on the Nile,
and vessels of 40 and even 5o banks of oars are mentioned; but if by the
word ‘banks’t these writers mean ranges of rowers, one above the other,
their statements can hardly be believed. Ptolemy Philadelphus is said to
have caused a boat to be built over 100 yards long and nearly 10 yards

high, and it is also said that the number of ships belonging to this king .

exceeded those of any other king, and that he had two of 30 banks and
four of 14 banks.
! T'orr, Ancient Ships, pp. 3-g and 15.
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Not only could the Egyptians build boats to carry immense weights, but
they could also build sea-going ships.! There are records of such ships as
far back as the time of King Sneferu of the IVth dynasty, and, throughout
the history of Egypt, expeditions were constantly being sent by water to
the coasts of Palestine and round the eastern Mediterranean. In the reign
of Queen Iatshepsowet a large trading expedition was dispatched to
the Red Sea coast (Punr): a magnificent scries of sculptures of the ships
can be scen on the walls of her temple at El-Deir el-Bahari.2

The Egyptians seem to have constructed their boats in a manner quite
different from those of modern times, and their methods were the subject
of comment by Herodotus (II, 96). The skin of the boat was made by
Jointing small pieces of wood together, the boat itself being entirely without
ribs. Lateral rigidity depended on the thwarts, which ran from side to side

Fig. 37. Model punt-like boat. Middle Kingdom. From
El-Bersha. The mast is shown in Fig. 43.

throughout the length of the boat. From the sculptures it can be seen that
longitudinal rigidity was obtained by a rope or ropes attached at each end,
which passed over two stiff stays at one-third and two-thirds of the way
along the boat, thus forming what the English call a ‘queen-truss’ and the
Americans a ‘hog-frame’. A royal barge from Dahshir, of the XIIth
dynasty, which is preserved in the Cairo Museum (Fig. 34) is thus con-
structed, the pieces of wood being tenoned and mortised into one another
(Fig. 35),* and the construction of such boats is frequently depicted in the
tomb scenes (I7igs. 36+ & 28), the patchwork principle by which they were
built up being sometimes very clearly shown.

Whether the construction of boats from small pieces of wood was the
result of the lack, in Egypt, of trees which would provide long planks,s is

v Sce Breasten, Ancient Times, Fig. 41, p. 58. s The home-grown wood used by the ancient
2 Navirre, The Temple of Deir El Bahari, vol. iii,  Egyptians seems to have been mainly the Acacia
Pls. LXXII et seq. Nilotica (Arab. sunt) and the sycamore-fig (Arab.
3 Reisner, Models of Ships and Boats (Catalogue  gamméz). Neither of these is suitable for providing
Général du Musée du Caire), p. 84. long planks.

4 From Lersius, Denkmaler, ii, Pl. 126.

ara

showing the tools used by the carpenters. Saqq

Fig. 38. Boat-building in the Vth dynasty,
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Fig. 39. Great Barge of Queen Hatshepsowet, carrying her two obelisks. Temple of El-Deir el-Bahari, Thebes.
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38 TRANSPORT BARGES
uncertain, but we have here a very important question, and one very difh-
cult of solution in the light of our present knowledge, namely, were all
ships built on the patchwork principle or not? Here, model boats afford
little help, since they are either constructed solid or are of punt-like form
(I'ig. 3871), and obviously represent quite small craft. It seems likely that
ships of moderate dimensions were so constructed.

The only contemporary representation of a great weight-carrying barge

Fig. 0. Steering-system of the trading ships of Queen
Hatshepsowet.  XVIIIth dynasty. Temple of El-Deir
cl-Bahari.

is at El-Deir el-Bahari, where a vesscl is represented carrying two obelisks,?
placed end to end upon it ([Fig. 39). It will be noticed in the illustration
that in spite of its great size the traditional shape of Egyptian boats is main-
tained. This was almost certainly derived from the primitive papyrus
boats which are still used on the upper Nile (Fig. 41). The vessel is also
represented with three ranges of what appear to be thwarts. In attempting
to glean information from this sculpture several points must be appreciated;

* Middle Kingdom, from El-Bersha. before the “T'emple of El-Deir cl-Bahari. Recent
* It used to be considered that the twwo obelisks were  excavations, however, have tended to show that
10t those of Karnak, but two which once stood  this temple was never provided with obelisks.

Fig. 1. Model of a papyrus boat (modern) used at the present day on the Upper Nile. Ttislikely
that the traditional form of Fgyptan boat was derived from this form of craft

Fig. 42. Steering-paddle of a madel ship of the XTth dynasty from the tomb of Mecketrg® at
Thebes. Now in the Cairo Muscum
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first, it must be remembered that the artist cannot have done his drawing
on the walls from the actual ship, but probably did it from rough sketches
which he had made when he attended the arrival of the obelisks in his
official capacity. It does not follow that he must have been an expert in
the details of ships; indeed, from his representation of the tackle, it seems
he was not. Secondly, it must be borne in mind that an Egyptian, when
he wished to represent one object in another, or behind another, often drew
what was inside or further away above that which was nearer. The drawing

Fig. 43. Mast-head of the small punt shown
in Fig. 38. Middle Kingdom; El-Bersha.

of the barge gives an impression of top-heaviness with the two obelisks
standing high on its deck, and it may be that they were really inside. This
rather rules out the possibility that it was provided with three ranges of
thwarts, unless the barge was built round the obelisks. While waiting for
further information the student is completely in the dark regarding the
internal structure of these barges; the patchwork method of boat-building
seems hopelessly inadequate to resist the strain that the skin of the barge
would have to endure, even if it were internally stiffened with a series of - *
queen-trusses. It is extremely likely that the great barges were solid rafts
made of tree-trunks, the whole raft being, if necessary, shaped to give it the
appearance of a true ship. Their draught would admittedly be great, but
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not too great to prevent them passing down the Nile during flood-time.
The time given by Uni (p. 34)—seventeen days—for the construction of
his great barge makes this more likely, since it is not stated that it was
shaped like those of Queen Hatshepsowet.

The presence of the series of stiffening-ropes on the great barge of
Queen Hatshepsowet and the thwarts, the ends of which can be seen in the
sculpture (Fig. 39), need not necessarily imply that the boat was of the
patchwork kind already described. In a solid raft, made of many logs
lashed together or otherwise attached, they would probably have been very

Fig. 44. Lowering the mast of a IVth-dynasty ship. Tomb of Abibi. From Saqqira; now in
the Cairo Muscum.

necessary for keeping it in shape. Such is the unsatisfactory state of our
knowledge of the great weight-carrying barges.

The peculiar form of Egyptian ships necessitated a steering-system
different from that used to-day. In moderate-sized craft the primitive
method was often used, of one or more paddles held in the hand and passing
through rings or lashings at one side of the boat as far aft as convenient.
Such a ‘rudder’ can be seen in the tomb of Sekniifer of the IVth dynasty
at Giza.' IHere three men are steering with three paddles. A development
of the primitive method was to attach the steering paddle at two points
and to fit it with a lever, corresponding to a tiller, by which it could be
rotated, the paddle thus acting as a true rudder. Sometimes one paddle
only was used; at other times there was one on each side. In the great

U Lepstus, Denkmdler, ii, Pl. 28.
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obelisk-barges of Queen Hatshepsowet there are two fixed paddles on each
side. It must not be supposed that, in the two-paddle steering-gear, the
boat was made to turn, say, to the right, by turning the right paddle-blade
flat to the water and vice versa; to do this would be to unship the paddle.
Each paddle was a separate steering rudder, and the boat could be steered
both to port and starboard by either of the paddles, though the efficiency
of each differed according to which direction the turn was made. In the
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Fig. 45. IVth-dynasty ship under full sail. Tomb of Ipi. From Saqqira, now in the Cairo
Museum.

multiple-paddle steering-system, one paddle formed the rudder and the
others reinforced it when necessary. Fig. 40 shows the details of a fixed
rudder in one of the ships which took part in the expedition to Punt under
Queen IHatshepsowet. "I'he paddle (A4) rests in an upright (B), and is pre-
vented from slipping down by a stay-rope (C), and held to the hull by a
loop (D). The paddle was rotated on its axis by a tiller (E). Ropes
attached to one side of the boat passed over the steering-pillars and thence
down to the other side, being tightened by a tourniquet (F). The last was
to ensure rigidity in the steering-gear.

When the primitive form of Egyptian boat was departed from, and the
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stern made rounded, one steering paddle only was required, placed cen-
trally. A steering-system of this type is seen in a model ship of the XIth
dynasty from the tomb of Meketre® at Thebes (Fig. 42).! The object of
the attachment at the top of the supporting-pillar was to prevent the rope

)

Fig. 46. Composite drawing of the mastheads of the trading-
ships of Queen Hatshepsowet with sails hoisted. XV IIIth
dynasty; LEl-Deir el-Bahari.

holding the paddle from slipping down the pillar. A single steering-paddle
with the traditional form of boat is sometimes seen, as, for example, in the
XIIth dynasty tomb of Khnemhotpe at Beni Hasan. In this case the sup-
porting pillar is very high, and the long paddle is attached almost at the
end of the pointed stern by a loop of rope.2

In the Old and Middle Kingdoms boats seem usually to have been fitted
with double masts, which were joined at the top by transverse metal or

! Now in the Cairo Museum. Sce Bulletin of the 2 Levsivs, Denkméler, i, P). 127.
Metropolitan Museum of New York, 1918-20.

TRANSPORT BARGES 4
wooden rods (Fig. 43'). The earliest known boat of this type is found in
asculpture of the time of King Sneferu of the IVth dynasty. In the tomb
of a noble called Abibi, also of the IVth dynasty, there is a scene? in which
men are in the act of lowering the double mast (Fig. 44), and what is pro-
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Fig. 47. Composite drawing of the mastheads of Queen
Hatshepsowet'’s trading-ships with sails lowered.
bably a double-masted ship under sail is found in the tomb-sculpture of a
IVth dynasty noble called Ipi® (Fig. 45).

From other scenes it appears that, when a mast was lowered, it was
stacked, together with the yards, on two upright wooden supports, whose
tops were recessed in the same manner as those which supported the steer-
ing-paddles. It seems likely that the cross-members of the double-masted
ships, seen at the mast-head, were used as attachments for the numerous -
stays which passed from the mast to the stern.

A study of the means by which the sail was hoisted is of great importance,

t From Rewsxer, Models of Ships and Boats (Cata- 2 Now in the Cairo Muscum (Cat. Gén. No. 1419).
logue Général du Musée du Caire), p. 54. 3 Now in the Cairo Muscum (Car. Gén. No. 1536).
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since it is the only direct evidence concerning the lifting-tackle used by the
Egyptians, and has to be very carcfully taken into account in the inquiry
into the methods used in masonry for laying the blocks.

In the ship of 1Ipi (Fig. 45) the tackle is fairly clearly indicated.
The mast is stayed by numerous guys attached to the stern and one to the
bow. (In the single-masted boats there must surely have been stays on
either side, though they are never represented in the sculptures nor in the
models.) The sail, which is provided with yards above and below, is con-
trolled by two men, one holding two lines attached to the top yard and the
other a similar pair attached to the lower yard. The lower yard is supported
by four stays attached to the mast. The top yard, and consequently the
sail, is supported by the main halliards, though in this scene neither their
number nor means of attachment is very clear. In this ship there are no
pulleys; their place is taken by what appear to be wooden or metal rings
lashed to the mast. In the great trading ships of the XVIIIth dynasty from
El-Deir el-Bahari (Figs. 46 & 47') it will be scen that only two halliards
are used to support the upper yard when under sail, the rest (a-4) being
merely stays supporting the lower yard. The curious attachment on the
mast to which they are made fast cannot therefore be a series of pulleys, as
some have supposed. At the only place where a pulley would be expected
none exists, the main halliards merely passing over what may be a smooth
metal frame lashed to the peak of the mast. In a ship of any size it is clear
that the friction between the halliard and the member over which it passes
would be very great when the sail was being hoisted. Since it is known,
from other scenes, that men were accustomed to stand on the lower yard,
it is not unlikely that they helped the hoisting of the yard by pushing from
below, the halliard taking up the slack rather than doing much actual
pulling. This may well be the reason for the apparently excessive number
of stays supporting the lower yard, which is remarkable in all the models
and sculptures of sailing-ships.

Although hundreds of models and pictures of sailing boats are known,
a pulley occurs in none of them, at any rate in dynastic times,* and the
evidence brought forward suggests that pulleys were unknown. [Further,
if they had been used, in building, for lifting the blocks of stone, it would

! In these drawings the corresponding stays on the  hoisted. It must also be remembered that the
right side of the mast have been omitted for the sake  fittings of the mast are turned by the artist through
of clearness. In the sculptures of Hatshepsowet’s  a right-angle so that the sail may be visible.

boats the stays which held up the upper yard when 2 “The carliest known pulleys in Egypt arc of Coptic
the sail was lowered are mostly left out, only a few  or Roman date.

being shown hanging loose when the sail was
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be expected that a model pulley would have been found in the foundation
deposits under the temple walls among the tools, rollers, baskets, brick-
moulds, and other objects which were so frequently placed there; yet none
is found.

The examination of Egyptian boats in greater detail is outside the range
of this volume. The reader who wishes to study all classes of Egyptian
craft should <onsult Rreisner, Catalogue Général du Musée du Caire;
Models of Ships and Boats, and Boreauvx, Etude de Nautique Eg) ptienne
(Mcmon es de ' Institut frangais). The latter has recently appeared (1927),
and gives the references to all articles on Egyptian shipping which have
been published.
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PREPARATIONS BEFORE BUILDING

4

N ancient times, as at the present day, many things had to be done before

the mason could begin building. Plans—perhaps models—of the pro-
posed building had to be submitted to the king, who, either personally or
by deputy, formally set out the limits of the building, conducted the
foundation ceremonics, and made the necessary sacrifices to the god to
whom the building was to be dedicated. The architect, in his turn, after
preparing the plans, had to organize a constant and sufficient supply of
stone from the quarries, which were often far away, and after the
preliminary formalities were over accurately set out the lines of the

proposed walls.

It is fortunate that a considerable amount is known about the preparations
made before building. Actual plans and models have been preserved;
temple sculptures give some idea of the nature of the foundation cere-
monies, and tomb-scenes occasionally give glimpses of the ancient methods
of measuring land. For the rest, the student has to rely on deduction based

on observed facts.

It seems certain that there were palace archives where plans of temples
were preserved, since in one of the crypts at Dendera an inscription states
that the plan of the temple was found, written in ancient characters, in the
palace of King Pepi. Another passage relates that a restoration had been
made by King Tuthmosis IIT after a plan had been found dating to the time
of King Khufu. The ancient references of this kind are always rather
vague, and make the reader wonder whether he is reading facts or whether
it is entirely an invention of the priests in order to magnify their office and

all things connected with it.

The Egyptians were able to draw an object from different aspects,® show-
ing side- and end-clevations, for example, but only one drawing has been
preserved as a definite proof of this (Fig. 48).2 It seems to have been found

! It is doubtful how far the Egyptians made usc of
sectional drawings in the construction of their build-
ings. A truly sectional representation of a house,
showing the contents of each storey, is known in the
New Kingdom (Mackay, Ancient Egypt (1915),
p- 171). Itis by no means certain that the scene in
the tomb of Rakhmirg* (Fig. 86, p. 92), which ap-

pears to represent a sloping embankment leading up
to the top of three columns embedded in brickwork,
is meant to be sectional; it is quite as likely that the
embankment is meant to be in clevation and the
remainder in plan.

* Petrte, Ancient Egypt (1926), p. 24. Now at
University College, London.
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Fig. 48. Front and side clevations of a shrine on papyrus. XVIIIth dynasty. From Ghorab.
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at Ghorab, and may date to the XVIIIth dynasty. It represents the front
and side elevations of what appears to be a portable shrine, and is drawn in
black ink on a piece of papyrussquared in red. Plans of tombs and cstates
are known, often showing the doorways, pylons, altars, &c., in elevation
on the same drawing, somewhat after the fashion of medieval European
maps. The Egyptians dimensioned their plans more or less, but, to our
eyes, the dimensions are very meagre. Their style of building was more
traditional than that of modern times, and the more traditional thc type of
building was, the less was the necessity for entering into a mass of detail.
Most of the plans of the ancient Egyptians are, however, amply sufhicient
to give a clear understanding of what they were intended to represent.

Though the use of a squared surface for an architectural drawing is only
known in the example already cited (Fig. 48), it must have been a very
usual procedure, since nearly all the sculpturcs on the tomb and temple
walls were originally drawn by the artist over squares (p- 199). The
method of drawing the squares was to measure equal increments .1long the
edges of the surface on which the work was to be done by touching it with
astring, dipped in ochre or lampblack, and held at corresponding points at
each side. The Egyptians do not appear to have made very much use
of astraight-edge for ruling; neither the reed-pens nor, in most cases, the
surfaces on which they drew, were suitable for the ruling of a line. The
cords by which the squaring was carried out are sometimes found wrapped
round the reed-brushes with which the colours were put on (I'ig. 266).

One of the most interesting dimensioned plan-elevations is that of the
tomb of Ramesses IV, on a papyrus preserved in T'urin (Fig. 49), which is
very fully discussed by Alan Gardiner and Howard Carter in the “Fournal
of Egyptian firc/meo/ogy, vol. iv. In the plan the door\\'ays are shown in
cle