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Expansive S ha le  D am age , T heban  Royal T om b s, E gyp t

L'Argile Expansif Dommage, Vallee des Rois, I'Egypte

G . C U R T IS  P r o fe s s o r  o f  G e o lo g y ,  U n iv e r s i t y  o f  C a l i f o r n ia ,  B e r k e le y ,  U n i t e d  S ta te s

J .  R U T H E R F O R D  R u th e r f o r d  &  C h e k e n e ,  S a n  F ra n c is c o ,  U n i t e d  S ta t e s

SYNOPSI S Roc k - c ut  t ombs  of  anc i ent  Egy pt ' s  gr eat es t  phar aohs  ar e c r umbl i ng under  t he c ombi ned
as s aul t s  of  Man and Nat ur e.  Thi s  pr ogr es s  r epor t  of  t he Br ook l y n Mus eum' s  Theban Roy al  Tomb Pr oj ec t  
( TRTP)  s ummar i z es  t hr ee s eas on' s  wor k  i n t he Val l ey  of  t he Ki ngs ,  des c r i bes  t he geol ogi c al  s et t i ng 
of  t he Val l ey ,  and anal y s es  t he ef f ec t s  of  r ock  mov ement  on t he t ombs.  The f i nal  s ec t i on ev al uat es  
t he des t r uc t i v e f or ces  ac t i ng on t he t ombs  and out l i nes  pr ot ec t i v e meas ur es  whi c h wi l l  pr ol ong t he 
l i f e of  t hese hi s t or i c  and ar t i s t i c  l egac i es  of  a gr eat  c i v i l i z at i on.

I NTRODUCTI ON

The Val l ey  of  t he Ki ngs ,  a r emot e des er t  wadi  
penet r at i ng t he l i mes t one c l i f f s  al ong t he wes t  
edge of  t he Ni l e f l oodpl ai n oppos i t e t he moder n 
c i t y  of  Luxor ,  Egy pt  ( Fi g.  1) ,  i s t he s i t e of  at  
l eas t  68 t ombs  of  t he 18t h,  19t h and 20t h 
Egy pt i an dy nas t i es ,  i nc l udi ng 24 i ns c r i bed wi t h 
t he r oyal  c ar t ouc he or  c ont ai ni ng ot her  i dent i ­
f i c at i on of  Egy pt i an k i ngs  ( Thomas,  1966) .

Fi g.  1 Theban Nec r opol i s ,  Luxor ,  Egy pt

Fr om 1550 B. C.  t o 1100 B. C.  a s mal l  s et t l ement  
of  engi neer s  and ar t i s t s  cut ,  pl as t er ed,  c ar v ed 
and pai nt ed l i mes t one c hamber s  as l ong as 175 
met er s  s l opi ng t o a max i mum dept h of  100 m.  
bel ow t he ent r anc es .  The pai nt ed r el i ef  c on ­
s t i t ut es  some of  t he f i nes t  ex ampl es  of  New 
Ki ngdom ar t  and t he c ar v ed r el i gi ous  t ex t s  ar e 
an i r r epl ac eabl e s our ce of  i nf or mat i on.

I n 1975 t he Br ook l y n Mus eum' s  engi neer i ng c on ­
s ul t ant s  d i s c ov er ed ev i denc e of  r el at i v el y  r api d 
t omb det er i or at i on,  whi c h was  r epor t ed t o t he 
Egy pt i an Ser v i c e of  Ant i qui t i es  ( Romer ,  1977) .  
The Mus eum or gani z ed a t eam of  Egy pt ol ogi s t s ,  
epi gr apher s ,  phot ogr apher s ,  ar t i s t s ,  geol ogi s t s ,  
ar c hi t ec t s  and engi neer s  c al l ed t he Theban Royal  
Tomb Pr oj ec t  ( TRTP)  t o r ec or d and ev al uat e t he 
c ondi t i on of  t he r oyal  t ombs.

Dur i ng t hr ee s eas ons  of  f i el d wor k ,  t he TRTP 
l oc at ed 62 t ombs  i n t he Val l ey  of  t he Ki ngs .
25 of  t hes e wer e f i l l ed wi t h  debr i s ,  12 wer e 
ot her wi s e i nac c es s i bl e and one was  not  ex ami ned 
i nt er nal l y .  Member s  of  t he ex pedi t i on ex ami ned 
t he r emai nder  of  t he t ombs  i nt er nal l y  and i den ­
t i f i ed t he f ol l owi ng s our c es  of  damage t o t he 
t omb s :

1)  Manmade

o Damage dur i ng t omb c l ear i ng,  
o Cr eat i on of  uns t abl e t ai l i ngs  dumps  

abov e t he t omb ent r ances ,  
o Al t er at i on of  nat ur al  t opogr aphy  by  

c ons t r uc t i on and t ai l i ngs  di sposal ,  
o Di s c har ge of  l i qui d was t e near  ex pan ­

s i ve shal es ,  
o Us e of  t ombs  as debr i s  dumps  
o Thef t  
o Vandal i s m
o Ac c i dent al  damage by  t our i s t s  
o I nc r eas e of  i nt er nal  t omb humi di t y  

c aus ed by  t our i s t  ov er c r owdi ng,  
o Rock  dus t  abr as i on c aus ed by  t our i s t  

t r a f f i c .

2)  Nat ur al

o Fl ood- c aus ed shal e ex pans i on
o Rai nf a l l - c aus ed r oc k  j oi nt  wi deni ng
o Fl ood- bor ne debr i s  abr as i on
o Sal t  c r y s t al  f or mat i on
o Nat ur al  weat her i ng

Thi s  paper  des c r i bes  t he t wo gr eat es t  nat ur al  
sour c es  of  t omb damage 1) ex pans i v e shal e 
mov ement  and 2) r oc k  j oi nt  s pr eadi ng,  bot h 
c aus ed by  i nt ens e r ai ns t or ms .

THE GEOLOGY OF THE VALLEY OF THE KI NGS

As  des c r i bed by  t he TRTP geol ogi s t s  ( Cur t i s ,  
1979) ,  t he s t r at a f or mi ng t he c l i f f s  and hi l l s  
s ur r oundi ng t he Val l ey  of  t he Ki ngs  and t he 
Val l ey  of  t he Queens  ar e al mos t  f l at - l y i ng and 
ar e c ompos ed of  t wo r oc k  t ypes,  mar i ne l i mes t one 
and shal e.  ( Map,  Fi g.  2)  The r ock  t y pes  oc c ur  
pr i nc i pal l y  i n t wo f or mat i ons :  a l ower ,  t he
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Fi g.  2 Geol ogi c  Map of  t he Val l ey  of  t he Ki ngs  and St r at i  gr aphi c  Sec t i on

Es na Shal e;  and an upper ,  t he Thebes  For mat i on.  
Bot h ar e of  Lower  Eoc ene age ( Ypr esi an) ,  al t hough 
t her e ar e a f ew s mal l  out c r ops  of  an under l y i ng 
l i mes t one,  " Chal k , "  pos s i bl y  of  Pal eoc ene age,  
i n Dei r  el  Bahar i .  The Es na Shal e i s appr ox i ­
mat el y  58 m.  t hi c k  i n Dei r  el  Bahar i  and i s 
es s ent i al l y  uni f or m t hr oughout ,  al t hough i n i t s  
upper  f ew met er s ,  i t  i s i nt er bedded wi t h t hi n 
l i mes t one beds.  The Thebes  For mat i on i s 300 m.  
t hi c k  as meas ur ed f r om t he t op of  t he Es na Shal e 
i n t he Val l ey  of  t he Ki ngs  t o t he hi ghes t  beds  
ex pos ed on el  Gour n,  but  t her e may  be hi gher  
member s  i n hi l l s  t o t he wes t  of  el  Gour n.  The 
Thebes  For mat i on c an be di v i ded i nt o s ever al  
d i s t i nc t  member s  and beds  of  l i mes t one and shal y  
l i mes t one whi c h mai nt ai n t hei r  l i t hol ogi c  
c har ac t er i s t i c s  wel l  t hr oughout  t he ar ea.  I t  i s 
i n t he l owes t  mar l y  l i mes t one bed of  t he l owes t  
member  of  t he Thebes  For mat i on t hat  al l  of  t he 
ent r anc es  of  t he r oyal  t ombs  hav e been cut ,  
a l t hough some of  t he t ombs  des c end i nt o t he 
under l y i ng Es na Shal e For mat i on ( St r at i gr aphi c  
col umn.  Fi g.  2) .

The bas al  member  may  be di v i ded i nt o f our  l i t ho-  
zones  whi c h gr ade i nt o each ot her  and ar e not  
s har pl y  separ abl e,  but  c har ac t er i s t i c  d i f f er ­
enc es  ar e d i s c er nabl e t hat  s er v e t o i dent i f y  
t hem i n t he wal l s  of  t he t ombs  and i n s ur f ac e 
exposur es .  Ther e i s pr ogr es s i v el y  l ess  mont -  
mor i l l oni t i c  c l ay  upwar d i n t hes e l i t hozones ,  
and t he upper mos t ,  t hi nl y  l ami nat ed zone,  i s 
r i ch i n s i l i c a and v er y  r es i s t ant  t o er os i on.
I t  f or ms  t he pr omi nent  f l at - t opped c l i f f  s ur ­
r oundi ng t he Val l ey  of  t he Ki ngs .

Fol l owi ng upl i f t  i n l at er  Ter t i ar y  t i me and down-  
c ut t i ng by  t he Ni l e Ri ver ,  a s t eep t opogr aphy  
was  dev el oped i n t hes e beds .  Er os i onal  pr oc es s ­
es y i el ded t wo new t y pes  of  depos i t s  f r om t hese 
ol der  f or mat i ons .  Lands l i d i ng on a gi gani c  
sc al e pr oduc ed depos i t s  of  br ec c i at ed Thebes  
For mat i on t hat  ex t end out war d f r om t he s t eep 
c l i f f s  of  l i mes t one and shal e nor t h of  Dei r  el  
Bahar i  and t he Val l ey  of  t he Queens  f or  a d i s ­
t anc e of  mor e t han a k i l omet er  t owar d t he Ni l e 
i n some l ocal i t i es .  Subs equent  t o t he f or mat i on

of  mos t  of  t hes e l ands l i de depos i t s  pos s i bl y  of  
ear l y  Pl ei s t oc ene age,  f ang l omer at es , c ongl om­
er at es ,  sands,  and i n some cases ,  f r esh wat er  
l i mes t one,  wer e depos i t ed ov er  t he t op of  t he 
l ands l i de br ec c i as  t o a t hi c k nes s  of  70 m.

Thes e l ands l i de and f angl omer at e depos i t s  appear  
t o hav e r es ul t ed f r om c hanges  i n c l i mat e ov er  
t he pas t  t wo or  t hr ee mi l l i on year s ,  al t er nat i ng 
f r om v er y  wet  t o dr y  t o wet  t o ar i d,  t oday ' s  
c l i mat e i n t hi s  ar ea.  I n t he wet  per i od t hat  
pr ec eded t oday ' s  ar i d c l i mat e,  t he pr es ent  c an ­
yons  wer e cut .

Sev er al  smal l  f aul t s  cut  t he s t r at a but  hav e not  
been ac t i v e i n hi s t or i c  t i me.  The l ar ges t  of  
t hes e has  a d i s pl ac ement  of  30 m.  Ver t i c al  r ock  
j oi nt s  ar e pr omi nent  i n many  pl ac es  and wer e 
of t en us ed by  anc i ent  t omb ex c av at or s  t o s t ar t  
t hei r  ent r anc es ,  as t hey  gav e f r ee s ur f ac es  t o 
br eak  t o.

EXPANSI VE SHALE MOVEMENT

Ov er  t he pas t  3500 y ear s  s ev er al  r oy al  t ombs  
hav e r epeat edl y  been penet r at ed by  f l ood- bor ne 
debr i s  ar i s i ng f r om i nf r equent  but  i nt ens e 
des er t  r ai ns t or ms  i n a r egi on wher e t he annual  
r ai nf al l  i s l ess  t han 1 c ent i met er  ( Romer ,  1979) .  
Some t ombs  hav e under gone at  l eas t  7 f l ood 
ev ent s  ( Monaghan, 1979)  and a f ew hav e nev er  been 
c ompl et el y  c l ear ed ( Fi g.  3) .  Tes t s  of  s ampl es  of  
i n t er bedded s hal e t ak en f r om t hi s  t omb s how a 
pl as t i c i t y  i ndex  of  41 and 12. 5% swel l  at  0. 25 
kg/ ci r r  l oad.  Wher e t omb ex c av at i on ex t ended t o 
Es na Shal e or  t o t he i nt er bedded s hal es  i n t he 
l ower  Theban Li mes t one,  f l ood wat er s  s at ur at ed 
t he hi ghl y  ex pans i v e r oc k  uni t s  and c aus ed 
damage r angi ng f r om mi nor  c r ac k i ng t o t ot al  
c ol l aps e of  ps eudo- s t r uc t ur al  par t i t i ons  and 
c ol umns  as shown i n t he mec hani s m s k et c hed i n 
Fi g.  4.
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PHASE 1:  I NI TI AL EXCAVATI ON 
Ov er bur den pr es s ur es  on r oc k  ex c av at ed f or  
t omb c hamber  ex c eeded 300, 000 k g / m2 i n some 
cases .  Mi nor  def or mat i on and ov er br eak  
oc c ur r ed dur i ng s t r es s  r edi s t r i but i on f ol l owi ng 
excavat i on.

PHASE 2:  FLOODI NG AND SWELLI NG 
Fl ood- s at ur at ed ex pandi ng s hal es  exer t  
enor mous  upwar d f or c e on r oc k  p i l l ar s  and 
par t i t i ons ,  s pl i t t i ng wal l s  and col umns .

PHASE 3:  DESI CCATI ON
The dr y i ng shal e s l owl y  shr i nks ,  l eav i ng 
por t i ons  of  br ok en c ol umns  and wal l s  hangi ng 
f r om t he r oof  s t r uc t ur e.

PHASE 4:  COLLAPSE
Af t er  s ev er al  f l oodi ng and dr y i ng c y c l es  t he 
c ei l i ng s pal l s  and hangi ng member s  dr op i nt o 
t he f l ood debr i s .

Fi g.  4 Fl oodi ng and Ex pans i on Mec hani s m
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ROCK J OI NT MOVEMENT

Wi dened l i mes t one j oi nt s  l ead oc c as i onal  r ai n ­
wat er  i nt o some t ombs.  Tes t s  show t hat  t he 
ex pandabl e c l ay  i n t he mar l y  l i mes t ones  abs or bs  
wat er  and c aus es  s l i ght  ex pans i on of  t he l i me ­
s t one,  l eadi ng t o s pal l i ng of  c ar v ed and pai nt ed 
t omb sur f aces .  Fi g.  5 i l l us t r at es  t he pr obabl e 
mec hani s m of  c r ac k  wi deni ng.

ex pans i v e l i mes t one.  gr adual l y  f i l l  wi t h
r ubbl e,  wedgi ng t he 
j oi nt s  wi der  wi t h each 
c y c l e .

Fi g.  5 Rock  J oi nt  Wi deni ng Mec hani s m

Fi g.  6 Bur i al  Chamber ,  Tomb of  Rames s es  I  

PRELI MI NARY RECOMMENDATI ONS

Sev er al  i mpor t ant  r oyal  t ombs ,  i nc l udi ng t he 
magni f i c ent l y  dec or at ed c hamber s  of  Rames s es  I I  
and Rames s es  I I I ,  hav e al r eady  been l ar gel y  
des t r oy ed by  f l ood- i nduc ed r ock  ex pans i on and 
j oi nt  spr eadi ng.  Sev er al  ot her  t ombs  i n t he 
Val l ey  of  t he Ki ngs ,  i nc l udi ng t hose of  
Tut hmos i s  I I I ,  Tut ank hamen ar . d Set i  I ,  wi l l  
ev ent ual l y  be des t r oy ed f r om f l ood damage.

Al t hough t he c at c hment  ar ea i s r e l at i v el y  smal l  
i n s i ze,  maj or  f l oodwat er  det ent i on and di v er ­
s i on c annot  be c ons t r uc t ed wi t hout  t hr eat eni ng 
ot her  t ombs  i n adj ac ent  wadi s .  The TRTP has  
i nc l uded t he f ol l owi ng t omb f l ood pr ot ec t i on 
r ec ommendat i ons  i n t he pr el i mi nar y  r epor t :

( i )  Di v er s i on Cons t r uc t  a mi nor  c hannel  i n 
t he c at c hment  ar ea abov e t he t omb of  
Tut hmos i s  I I I  t o di v er t  f l oodwat er  f r om 
t he ent r ance.

( i i )  Fl ood Pr ot ec t i on Pr ov i de t he r oyal  t omb 
ent r anc es  wi t h wat er pr oof  door s  c ons i s t ­
i ng of  an out er  s t r uc t ur al  door  des i gned 
t o wi t hs t and f l ood and debr i s  pr es s ur es  
and an i nner  wat er pr oof  door  des i gned t o 
pr ev ent  ent r y  of  moi s t ur e.

( i i i )  Cr ac k  Seal i ng Seal  r ock  j oi nt s  whi c h
penet r at e t ombs  wi t h c onc r et e and/ or  f l ex ­
i bl e wat er pr oof  membr anes  t o pr ev ent  ent r y  
of  r unof f  and f ur t her  pr opagat i on of  c r acks  
i n t omb chamber s .

CONCLUSI ON

The TRTP has  anal y z ed t he phy s i c al  det er i or at i on 
of  t he r oyal  t ombs  i n t he Val l ey  of  t he Ki ngs  
and det er mi ned t hat  t he maj or  c aus es  of  damage 
ar e f l ood- i nduc ed r ock  ex pans i on and j oi nt  mov e ­
ment .  Fi el d i nves t i gat i on,  r oc k  t es t i ng and 
hi s t or i c al  r es ear c h hav e di s c l os ed t he damage 
pr oces s es .  Si mpl e and r el at i v el y  i nex pens i v e 
met hods  of  t omb pr ot ec t i on can pr es er v e t hese 
uni que mus eums  of  an anc i ent  c ul t ur e f or  hund ­
r eds  of  y ear s  t o enl i ght en s c hol ar s  and del i ght  
t he c as ual  t our i s t  wi t h v i ews  of  t he her eaf t er  
such as t hat  shown on Fi g.  6 .
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