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Pore Pressure Measurements to Investigate the Main Source 
of Surface Subsidence in Mexico City

Etude de la pression interstitielle dans le but de connaître la cause principale du tassement 
superficiel particulier à la ville de Mexico

b y  L.  Z e e v a e r t , Ph. D. ,  S. M. ,  C. E. ,  Pr of essor  of  Soi l  Mec h a n i c s  a n d  Fo u n d a t i o n  Engi neer i ng,  Uni ver s i t y  of  Mex i c o,  Me x i c o

Su mma r y

Th e  i nt ensi ve pump i ng  f r om deep wat er  bear i ng deposi t s under  

Mex i c o Ci t y has cr eat ed a st at e of  cont i nuous sur f ace subsi dence 

and has i nt r oduced f oundat i on engi neer i ng pr obl ems f or  ma n y  st r uc

t ur es er ect ed wi t hi n t he ar ea wher e t he wel l s f or  wat er  suppl y ar e 

concent r at ed.

Thi s paper  s hows  t he val ue of  por e pr essur e measur ement s  and 

set t l ement  obser vat i ons,  on  pi ezomet er s and benc hmar k s  est abl i shed 

at  var i ous dept hs i n t he subsoi l  beneat h Mex i c o Ci t y,  i n or der  t o 

st udy t he seat  and r at e of  t he sur f ace subsi dence agai nst  t he dr op 

i n t he pi ezomet r i c wat er  l evel s.

Th e  k nowl edge of  t he geol ogi cal  condi t i ons,  t he st r at i gr aphy of  

t he sedi ment ar y deposi t s and t he i ndex and mechani cal  pr oper t i es 

of  t he subsoi l  mat er i al s,  per mi t t ed t he i nst al l at i on of  pi ezomet er s and 

under gr ound r ef er ence poi nt s at  cor r ect  el evat i ons wher e t he seat  

of  sur f ace subsi dence coul d be det ect ed and  t he compr essi on of  t he 

sof t  cl ay deposi t s measur ed.

Th e  obser vat i ons yi el ded numer i cal  val ues t hat  per mi t t ed t he 

dr awi ng of  def i ni t e concl usi ons on  t he compr essi on of  t he deposi t s,  

t hus cont r i but i ng t o a bet t er  under st andi ng of  t he phenomenon,  and 

el uci dat i ng s o me  of  t he pr obl ems  of  f oundat i on engi neer i ng cl osel y 

r el at ed wi t h t he sur f ace subsi dence t aki ng pl ace i n Mex i c o Ci t y.

So mma i r e

Le  p o mp a g e  i nt ensi f  à gr ande pr of ondeur  pr at i qué au- dessous de 

l a vi l l e de Mex i c o dans des dépôt s aqui f èr es cr ée un  af f ai sssement  

cont i nu de l a sur f ace;  cet  ét at  de choses pose des pr obl èmes de f on

dat i ons dans  l e cas de pl usi eur s édi f i ces ér i gés dans l a zone où  l es 

pui t s ar t ési ens sont  concent r és.

Cet  ar t i cl e soul i gne l ’i mpor t ance du r ôl e j oué par  l es mesur es des 

pr essi ons i nt erst i t i el l es,  l es t assement s des poi nt s de r epèr e,  l es ni 

veaux  pi ézomét r i ques ét abl i s à di f f ér ent es pr of ondeur s dans l e sous-  

sol  de l a ci t é dans l ’ét ude du si ège et  de l a vi t esse des t assement s 

super f i ci el s par  r appor t  à l a chut e des ni veaux d ’eau pi ezomét r i ques.

L a  connai ssance des condi t i ons géol ogi ques l ocal es,  l a st r at i gr a

phi e des dépôt s sédi ment ai r es,  ai nsi  que l ’ i ndi ce et  l es pr opr i ét és 

mécani ques  des mat ér i aux du  sous- sol  f avor i sent  l ’ i nst al l at i on des 

pi ezomèt r es et  des poi nt s de r éf ér ence sout er r ai ns à des ni veaux 

dét er mi nés ce qui  per met  l ’ét ude du t assement  super f i ci el  et  l a mesur e 

de l a compr ess i on des couches d ’ar gi l e de f ai bl e consi st ance.

Les  r ésul t at s numér i ques  de ces obser vat i ons ont  per mi s à l ’aut eur  

de t i r er  des concl usi ons pr éci ses sur  l a compr ess i on des di ver ses 

couches;  de cet t e f açon l e phénomène  est  mi eux  compr i s  et  pl usi eur s 

pr obl èmes t echni ques de f ondat i on ét r oi t ement  l i és au t assement  

super f i ci el  par t i cul i er  à l a vi l l e de Mex i c o ont  pu  êt r e r ésol us.

I n t r oduc t i on

Th e  wat er  ext r act i on f r o m t he subsoi l  of  Me x i c o  Ci t y,  t o ai d 

t he wat er  suppl y,  t akes pl ace f r o m a  l ar ge n u mb e r  of  wel l s 

dr i l l ed t o a  dept h of  be t ween  50 a n d  500 m.  I n t he ci t y ar ea 

t he l ar ge p u mp i n g  of  wat er  has  cr eat ed a  s t r ong d r op  of  t he 

pi ezomet r i c  wat er  l evel s i n t he per v i ous  st r at a,  mai n l y  f r o m 

dept hs  gr eat er  t han 28 m.  Ho we v e r ,  t he sur f ace wat er  t abl e 

has  r ema i ned  unal t er ed;  f i rst ,  bec aus e of  t he i mper v i ousness  

of  t he t hi ck cl ay deposi t  over l ai n b y  t he wat er  bear i ng t op 

deposi t s;  a n d  second,  bec aus e t he wat er  t abl e i n t hi s ar ea i s 

per f ect l y suppl i ed b y  ma n y  per v i ous  f i el ds i nt er bedded i n t he 

u ppe r  cr ust  of  t he subsoi l  under  t he ci t y;  as t he ol d canal s o f  

pr e- spani sh a n d  spani sh t i mes  wh i c h  wer e  f i l l ed u p  by  coar se

mat er i al s.  Mo s t  of  t hese bur i ed condui t s  h a d  c o mmu n i c a t i o n  

wi t h Te x c o c o  Lak e.

T h e  hydr aul i c  gr adi ent  or i gi nat ed mos t l y  i n t he ver t i cal  di r ec 

t i on,  d u e  t o t he di f f er ence of  pi ezomet r i c  pr essur es bet ween t he 

sur f ace of  t he g r o u n d  a n d  t he wat er  bear i ng l ayer s at  gr eat er  

dept h,  has  p r o d u c e d  a des c endi ng wat er  f l ow acr oss t he hi gh 

compr ess i bl e cl ay deposi t s.  T h e  s eepage st r esses cr eat e a  n e w 

st at e of  st r ess pr oduc i ng consol i dat i on of  t he c l ay deposi t s,  

t hus or i gi nat i ng t he sur f ace subsi dence.

I n or der  t o f i nd out  t he ef f ect i ve pr essur es i n t he subsoi l  a n d  

t he vel oci t y of  subs i dence of  t he sur f ace of  t he g r o u n d  t he 

aut hor  has  i nst al l ed pi ezomet er s  a n d  b e n c h ma r k s  at  di f f er ent
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dept hs  f or  eac h of  hi s j obs  i n c onnec t i on wi t h t he desi gn of  a 

l ar ge f oundat i on.  On e  of  t he mo s t  c ompl et e obser vat i ons  wer e  

t hose obt ai ned f or  t he sol ut i on of  a f oundat i on p r o b l e m f or  

a 43 st or i es bui l di ng pr oper t y  of  t he Li f e I ns ur anc e Co mp a n y  

“ L a  Lat i no Ame r i c a n a ”  i n wh i c h  t he aut hor  has  h a d  t he 

pr i vi l ege t o act  as a  consul t i ng engi neer .  I n addi t i on t o t he 

i nvest i gat i ons ma d e  at  t he si t e t o sol ve t hi s pr obl em,  a set  of  

pi ezomet er s  a n d  b e n c h ma r k s  wer e  i nst al l ed at  a di st ance of  

about  260 m  f r o m t hi s si t e i n t he Ci t y  Par k ,  Al a me d a  Cent r al .  

T h e  obj ect  wa s  excl usi vel y t he me as u r e  i n t hi s un l oaded ar ea 

of  t he ci t y of  t he ef f ect s of  t he s eepage st r esses i n t he c o m

pr essi bl e cl ay deposi t s.

T h e  obser vat i ons  hav e  been ma d e  f or  3. 5 year s o n  b e n c h 

ma r k s  a n d  pi ezomet er s  at  dept hs  of  3,  34 a n d  49 m  f r o m t he 

sur f ace of  t he gr ound.  Th e y  hav e  y i el ded ver y  si gni f i cant  

i nf or mat i on f or  t he desi gn of  t hi s par t i cul ar  bui l di ng,  a n d  f or  

t he under s t andi ng of  t he seat  of  set t l ement  of  t he g r o u n d  

sur f ace.

Th e  hydr ost at i c condi t i ons enc ount er ed i n t he subsoi l  di f f er  

s o me h o w f or  di f f er ent  pl aces wi t hi n t he ci t y.  T h e  c ompr es s i 

bi l i t y of  t he cl ay var i es al so,  t her ef or e,  t he sur f ace subs i dence 

i n t he ci t y has  a di f f er ent  val ue ac cor di ng t o t he speci f i c h y d r o 

st at i c a n d  mec hani c al  pr oper t i es of  t he cl ay at  t he par t i cul ar  

ar ea under  i nvest i gat i on.  Th e  sur f ace subs i dence has  or i gi nat ed 

ma n y  p r ob l ems  i n engi neer i ng wor k s ,  but  mai n l y  i n t he s ewage 

s y s t em a n d  t he c onduc t i on of  t he pol l ut ed a n d  pl uvi al  wat er s 

out  of  t he Val l ey of  Mex i c o.

Out l i ne  o n  Subs oi l  Cond i t i o n s

Th e  under s t andi ng of  t he p r o b l e m di scussed i n t hi s paper  

r equi r es a  br i ef  di scussi on of  t he env i r onment  o n  wh i c h  t he 

subsoi l  i n t he l acust r i ne ar ea of  t he basi n of  t he Val l ey  of  

Me x i c o  wa s  f or med.  T h e  Val l ey of  Mex i c o,  Fi g.  1,  i s si t uat ed 

at  t he s out h e n d  of  t he hi ghest  par t  of  t he Me x i c a n  Pl at eau;  

i t  has  t he f o r m of  a c l osed bas i n ex t endi ng i n a nor t h- sout h 

di r ect i on,  i t  i s b o u n d e d  i n t he east  by  Si er r a Ne v a d a  wi t h s n o w 

peak s  I xt acci huat l  a n d  Popocat epet l ,  about  5300 m  a b o v e  sea 

l evel .  On  t he wes t  a n d  nor t h- wes t  t he val l ey i s b o u n d e d  by  t he 

Si er r a Ma d r e  Occi dent al .  On  t he nor t h i t  i s l i mi t ed b y  t he 

Pa c h u c a  Range ,  a n d  o n  t he sout h,  by  t he Aj us c o  Ra n g e  wi t h

F ig. 1 Basin o f  the Valley o f  M exico Show ing the Lacustrine Area, the 
City Area, the Lake M argin in 1951 and also the Lakes Z um pago, 
X altocan, San Cristobal, T excoco, X och im ilco  and Chaleo  
Bassin de la V allée de M exico, m ontrant la zon e  lacustre, l ’em 

placem ent de la cité, le contour du lac en 1951 ainsi que les lacs 
Z um pago, X altocan, San Cristobal, T excoco , X och im ilco  et 
C halco

4, 000 m  al t i t ude.  T h e  Ra n g e  of  Guada l upe ,  Fi g.  1,  ex t endi ng 

eas t war d t owar ds  t he cent er  of  t he bas i n f o r ms  t he nor t h p r o 

t ect i on of  Me x i c o  Ci t y.  T h e  l owest  par t  of  t he bas i n has  an 

al t i t ude of  2, 236 m  a b o v e  sea l evel .

Fig. 2 Subsoil Profile Beneath M exico City 
Profil du sous-sol de la ville de M exico
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Ma n y  smal l  r i ver s f l ow i nt o t he val l ey.  Th e y  br i ng r ai n wat er  

t o t he l owest  par t  of  t he c l osed basi n f o r mi ng a ser i es of  shal l ow 

l akes.  F r o m nor t h t o s out h t hese l akes ar e:  Z u mp a n g o ,  Xal -  

t ocan,  Sa n  Cr i st obal ,  Tex c oc o,  Xoc h i mi l c o  a n d  Chal eo;  Tex -  

c oc o  bei ng t he l owest .  I n t he pr esent  onl y  a r educ ed ar ea of  

Z u mp a n g o  a n d  Xoc h i mi l c o  hav e wat er  dur i ng t he dr y  season.

At  t he cl ose of  t he Pl i ocene,  wh e n  t he gr eat  vol cani c act i vi t y 

wa s  abou t  t o end,  t he hi gh peak s  at t ai ned t hei r  ma x i mu m 

el evat i on a n d  f o r me d  t he l ar ge c l osed basi n of  t he Val l ey  of  

Mex i c o.  At  t he nor t h a  l o w pass r ema i ned  i n wat er  l ai d vol 

cani c  mat er i al s  under l ai n b y  Cr et ac eous  l i mest ones.  Th e  l ar ge 

ac c umul at i on of  f ossi l s a n d  wat er - l ai d sedi ment s  f ound  dur i ng 

excavat i ons  ma d e  i n t he XVI I t h  cent ur y  t o o p e n  a dr ai nage 

out l et  f or  t he basi n of  t he Val l ey  of  Me x i c o  suggest s t hat  t hi s 

pass  ma y  hav e  ser ved as a n  out l et  i n t he ear l y Pl ei s t ocene i nt o 

anot her  val l ey t o t he nor t h.  Ther eaf t er ,  t he nat ur al  out l et  wa s  

bl oc k ed a n d  event ual l y a l ar ge l ake oc c upi ed pr act i cal l y al l  t he 

basi n,  Fi g.  1.

Th e  wat er  l evel  i n t he l ake mu s t  hav e  at t ai ned hi gh l evel s 

el evat i ons at  t he e n d  of  t he Pl ei st ocene.  Lat e f i ndi ngs s h o w 

t hat  t hi s wat er  l evel  wa s  as hi gh as 26 m  a b o v e  t he pr esent  

l evel  of  Te x c o c o  Lake.

Du r i n g  t he Pl ei s t ocene t he deepest  par t  of  t he gr eat  c l osed 

basi n wa s  f i l l ed b y  wat er - t r anspor t ed mat er i al s.  T h e  d e c o m

pos ed r ocks  of  t he s ur r oundi ng hi l l s wer e  easi l y e r oded a n d

Fig. 3 H ydrostatic W ater Pressures 

Pression hydrostatique

t r anspor t ed,  as wer e  t he r esi dual  cl ays a n d  pyr ocl ast i c mat er i al s,  

a n d  t he gr avel s a n d  s ands  r epr esent i ng t he di si nt egr at i on p r o 

duct s  of  andesi t i c r ocks.  Al l  t hese mat er i al s  ac c umul a t ed i n 

t he basi n a n d  f o r me d  a ser i es of  deposi t s of  gr avel ,  sand,  a n d  

si l t y cl ays bel i eved t o be  sever al  100 m  t hi ck.  I n t he ci t y t he 

upper  sur f ace of  t hese deposi t s i s enc ount er ed at  dept hs  gr eat er  

t han abou t  35 m.

Th e  sof t  f i ne- gr ai ned l ake deposi t s s h o wn  i n Fi g.  3 a n d  i n 

a geol ogi c pr of i l e i n Fi g.  2  dat e f r o m t he l at e Pl ei st ocene.  Thes e 

deposi t s  appear  t o be t he pr oduc t s  of  vol cani c ef f usi ons of  

basal t i c l ava a n d  ver y  f i ne wat er - t r anspor t ed mat er i al s.  Th e  

ef f usi ons wer e  a c c o mp a n i e d  b y  expl os i ons  of  gr eat  quant i t i es 

of  s t eam wh i c h  f o r me d  dens e c l ouds  cont ai ni ng ver y  f i ne vol 

cani c  as h a n d  ot her  pyr ocl ast i c mat er i al s.  T h e  mat er i al s car r i ed 

by  t he c l ouds  wer e  deposi t ed as a r ai n o n  t he wat er s  of  t he l ake 

t hat  oc c upi ed t he basi n.  T h e  ver y f i ne vol cani c as h d e c o mp o s e d  

i nt o bent oni t i c  c l ay t hat  has  been cl assi f i ed as hav i ng about  

2 0 % of  t he mi ner al  mont mor i l l oni t e,  a n d  a l ar ge per cent age 

of  d i a t oms  a n d  ost r acods.  T h e  c l ay f r act i on a mo u n t s  t o about  

4 0 %.  T h e  gl ass par t i cl es of  s and  si ze spr ead over  t he l ake af t er  

s t eam expl osi ons,  f o r mi ng t hi n c l ean l enses a n d  l ayer s t hat  

we r e  i mmedi at el y  c ov er ed b y  t he ul t r a f i ne a n d  f i ne mat er i al s 

al r eady  i n t he pr ocess  of  sedi ment at i on.  T h e  wi nds  t hat  ent er ed 

t he basi n f r o m t he nor t h- east  d r o p p e d  f i ne mat er i al s wh i c h  

hel ped t o f o r m t he deep cent r al  l ake deposi t s.  T h e  cur r ent s
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of  wat er  f l owi ng t owar d  t he cent r e of  t he l ake ai ded t he t r ans 

por t at i on of  t he f i ne mat er i al ,  a n d  c opi ous  r ai nf al l  ma y  hav e 

wa s h e d  t he f i ne dus t  a n d  ashes  f r o m t he ai r .

F r o m t he e n d  of  t he vol cani c ef f usi ons t o t he pr esent  t i me 

a f i l l  has  been f o r mi ng i n t he l ake r egi on.  I t  consi st s l ar gel y 

of  pycr ocl ast i c mat er i al  t r anspor t ed f r o m t he hi gh pl ai ns,  of  

d e c o mp o s e d  r ocks  a n d  of  r esi dual  cl ays,  er oded f r o m t he hi l l s 

a n d  moun t a i ns  s ur r oundi ng t he basi n.  Mi n o r  vol cani c act i vi t y 

dur i ng t hi s t i me i s r ec or ded b y  l enses of  c l ean vol cani c s and 

i nt er bedded i n t he t op wat er l ai d deposi t s.

T h e  geol ogi cal  s equenc e a n d  st r at i gr aphy of  t he mat er i al s i n 

t he subsoi l  beneat h Me x i c o  Ci t y  i s s h o wn  i n Fi g.  3;  i t  s h o ws  

al so t he wat er  cont ent  pr of i l e a n d  t he av er age consi st ency a n d  

compr essi bi l i t y t hat  ma y  be enc ount er ed i n t hese mat er i al s.

F r o m t he sur f ace of  t he g r o u n d  t o a dept h of  abou t  6 m  

ar cheol ogi cal  deposi t s ma y  be enc ount er ed,  under l ai n by  al 

l uvi al  s edi ment s  c or r es pondi ng t o t he c l osur e of  t he Pl ei st ocene.  

F r o m abou t  9 m  t o 33 m  we  f ound  a si l t y cl ay deposi t ,  wi t h 

ver y  hi gh wat er  cont ent ,  of  sof t  t o semi - r i gi d consi st ency i nt er 

be d d e d  wi t h n u me r o u s  s and  l ayer s f o r me d  b y  r ai ns of  py r o-  

cl ast i c mat er i al s.  Ot her  par t i cul ar l y i mpor t ant  l ayer s cor r el at e

wi t h semi - dr y  per i ods  dur i ng t he f or mat i on of  t hi s deposi t  

wh i c h  ma y  be di vi ded,  as s h o wn  i n Fi g.  3,  i n f i ve t ypi cal  cl ay 

l ayer s r epr esent i ng r espect i vel y di f f er ent  per i ods  of  s edi ment a 

t i on.  T o  a dept h of  be t ween 33 a n d  38 m  we  ma y  f i nd a  s t r at um 

of  ser i es of  deposi t s  of  f i ne s and a n d  si l t  wi t h a var i abl e c e me n 

t at i on p r oduc ed  by  c al c i um car bonat es  a n d  cl ay.  Pi l es f or  

bui l di ng f oundat i ons  ar e r est i ng o n  t hi s s t r at um wi t hi n t he 

cent r al  par t  of  t he ci t y.  F r o m a dept h of  abou t  38 t o 48 m  

a n  ol i ve gr een si l t y c l ay deposi t  wi t h hi gh wat er  cont ent  ma y  

be f ound,  usual l y i nt er cept ed at  t he mi dd l e  b y  t wo  whi t e vol 

cani c  gl ass s and  st r at a.  F r o m a dept h of  abou t  48 m  f ol l ows 

a c ont i nuous  ser i es of  deposi t s  of  gr avel ,  s and a n d  si l t .  T o  a 

gr eat er  dept h,  as s h o wn  i n Fi g.  3,  cycl es of  al l uvi al  a n d  l acus 

t r i ne sedi ment s  ma y  be  f ound,  wh i c h  b e c o me  coar ser  wi t h 

dept h.

T h e  t hi ckness of  t he deposi t s  cal l ed Becer r a,  Ta c u b a y a  a n d  

Ta r a n g o  i n Fi g.  3,  ar e so f ar  t ent at i ve t o i dent i f y t he di f f er ent  

l ayer s a n d  cor r el at e t h e m wi t h t he geol ogy  under  s t udy  i n t he 

u ppe r  r i dges of  t he l acust r i ne ar ea.  Fo r  bui l di ng f oundat i ons  

i n Me x i c o  Ci t y  ar ea t he hydr ost at i c  a n d  mec hani c al  pr oper t i es 

of  t hese deposi t s  i s ver y  i mpor t ant .  Ho we v e r ,  abou t  15 t o 2 0 %
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sidence

N iveaux  piézom étriques et tassem ent 

de surface

of  t he t ot al  sur f ace subs i dence of  Me x i c o  Ci t y,  wi t h r espect  t o 

t he mount ai ns ,  ma y  be at t r i but ed t o t he compr essi bi l i t y of  t he 

uncons ol i dat ed deposi t s  enc ount er ed at  dept hs  gr eat er  t han

50 m.

T h e  geol ogi c sect i on i l l ust r at ed i n Fi g.  2  s h o ws  t he act ual  

pi ezomet r i c  pr essur e exi st i ng i n t he pl aces mar k ed.  T h e  pi ezo

met r i c  l evel s wer e  me a s u r e d  wi t h ser i es of  pi ezomet er s  i nst al l ed 

at  di f Fer ent  el evat i ons i n t he per v i ous mat er i al s  as s h o wn  i n 

Fi g.  2,  at  dept hs  of  8,  14,  28,  34,  48 a n d  75 m.  Thes e  per v i ous 

st r at a cont ai n vol cani c ashes,  p u mi c e  s and a n d  ost r acods shel l s 

i n t he Ta c u b a y a  deposi t s,  a n d  andesi t i c s ands  i n t he Ta r a n g o  

deposi t s.  T h e  l ayer  f o u n d  at  28 m  i n t he Ta c u b a y a  deposi t s  

i s par t i cul ar l y per v i ous  a n d  cont ai ns  a hi gh per cent age of  ost r a

c ods  shel l s a n d  concr et i ons.  F r o m i nf or mat i on s h o wn  i n Fi g.  2 

i t  ma y  be seen t hat  t he s and s t r at um at  28 m  appear s  t o be a 

g o o d  wat er  bear i ng st r at um,  si nce pi ezomet r i c  l evel s i n t he 

u ppe r  l ayer s hav e  r emai ned  pr act i cal l y unal t er ed i n spi t e of  

p u mp i n g  f r o m t he deep wat er  bear i ng deposi t s.  Ho we v e r ,  at  

a dept h of  33 m  a  consi der abl e d r op  of  t he pi ezomet r i c  l evel  

has  t aken pl ace.  Equal l y  i mpor t ant  i s t he d r op  t hat  ma y  be 

obs er v ed i n t he mo r e  per v i ous deposi t s  at  dept hs  of  48 a n d

75 m.  A  soi l  pr of i l e i s c ondens ed  i n Fi g.  4,  i n or der  t o acquai nt  

t he r eader  wi t h t he char act er i st i cs of  t he subsoi l  mat er i al s of  

Me x i c o  Ci t y  t o a  dept h of  75 m.

Pi ez omet r i c  Pr es s ur e  a n d  Sur f ac e Subs i d e n c e  

Me a s u r e me n t s

T h e  behav i our  of  t he subsoi l  deposi t s bec aus e of  p u mp i n g  

f r o m deep wat er  bear i ng st r at a i s of  vi t al  i mpor t anc e i n Me x i c o  

Ci t y.  T o  r each a conc l us i on abou t  t hi s p h e n o me n o n ,  obser 

vat i ons of  pi ezomet r i c  pr essur es a n d  set t l ement s ar e necessar y.  

Fi g.  5 s h o ws  obser vat i ons  wi t h t i me of  pi ezomet er s  a n d  b e n c h 

ma r k s  i nst al l ed at  dept hs  of  3,  33 a n d  49 m  i n t he ci t y par k  

wh e r e  n o  ot her  i mpor t ant  i nf l uence ma y  be  a s s u me d  t o exer t  

except  t hat  c aus ed b y  p u mp i n g  wat er  f r o m t he gr ound.  T h e  

pi ezomet r i c  me as u r emen t s  s h o w t hat  f r o m J une  1949 t o N o 

v e mb e r  1950 a pr act i cal l y cons t ant  d r op  i n pr essur e wa s  t ak i ng 

pl ace at  dept hs  of  33 a n d  49 m,  wi t h an  av er age of  abou t  20 c m 

per  mo n t h .  Ho we v e r ,  t he sur f ace wat er  t abl e has  r emai ned  

pr act i cal l y unal t er ed dur i ng t he wh o l e  per i od of  obser vat i ons  

( Fi g.  5) .  I n cor r el at i on wi t h t he d r op  of  pi ezomet r i c  l evel s t he
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sur f ace subs i dence s h o wn  i n Fi g.  5 t ook  pl ace at  a pr act i cal l y 

un i f or m r at e i n t he s a me  per i od.  Th e  r at e of  set t l ement  r educ ed 

t o war d  Jul y 1951 as t he r at e of  d r op  i n t he pi ezomet r i c  l evel s 

dec r eased t o abou t  10 c m per  mon t h .

At  t he c ompl et i on of  t he n e w aqueduc t  br i ngi ng wat er  t o 

r ei nf or ce t he gener al  wat er  suppl y  of  Me x i c o  Ci t y  a cer t ai n 

a mo u n t  of  wel l s wa s  cancel l ed.  T h e  ef f ect  wa s  pr act i cal l y 

i nst ant aneous l y  obs er v ed as t he r at e of  d r op  of  t he pi ezomet r i c  

l evel s decr eased consi der abl y.  As  a mat t er  of  f act  f r o m Jul y 

1951 t o t he pr esent  t he pi ezomet r i c  l evel s hav e  pr act i cal l y r e

ma i n e d  unc hanged.  Thi s  ef f ect  wa s  i mmedi at el y  r egi st er ed i n 

t he set t l ement  meas ur ement s ,  s h o wn  i n Fi g.  5.  Never t hel esss,  

t he set t l ement s of  t he g r o u n d  sur f ace a n d  of  b e n c h ma r k  A B N 3 4  

hav e  c ont i nued at  a  pr act i cal l y un i f o r m r at e of  18. 4 c m a n d  

7. 9 c m per  year  r espect i vel y.

T h e  hydr ost at i c pr essur e di st r i but i on wi t h dept h i n pi ezo

met er s  i nst al l ed f or  bui l di ng f oundat i ons  at  t wo  si t es cl ose t o 

t he Ci t y  Pa r k  ar e s h o wn  i n Fi g.  2.  T h e  gener al  si t uat i on of  t he 

pi ezomet r i c  l evel s at  t hese si t es s h o ws  t hat  t he upper  par t  of  t he 

sof t  cl ay deposi t ,  f r o m abou t  28 m  t o t he sur f ace of  t he gr ound,  

has  not  suf f er ed an  appr eci abl e r educ t i on bec aus e of  p u mp i n g  

i n t he deep wat er  bear i ng st r at a.  T h e  d r op  has  st ar t ed i n t he 

f i r st  har d  s t r at um at  a  dept h of  33 m  a n d  i n t he f ol l owi ng s and 

st r at a ser i es at  gr eat er  dept hs.  Thes e  obser vat i ons  h av e  an 

i mpor t ant  si gni f i cance i n t he concl us i ons  t hat  wi l l  be  out l i ned 

i n conj unc t i on wi t h t he obser vat i ons r epor t ed i n t he pr ecedi ng 

par agr aphs .

Conc l u s i o n s

T h e  r at e of  set t l ement  a n d  r at e of  d r op  of  t he pi ezomet r i c  

l evel s obt ai ned f r o m Fi g.  5 a n d  di scussed i n t he l ast  par agr aph 

ar e s u mma r i z e d  i n Tabl e 1.

F r o m Fi gs.  2  a n d  3 we  see t hat  t he seat  of  consol i dat i on of

Tabl e 1

Date

Rate of Settlement of 
Benchmarks with 

Reference to ABN49
Rate of Drop 

of Piezometric Level

ABN3 
3 mjdepth 
cm/year

A BN34 
34 mjdepth 
cm/year

AP34 
34 m/depth 

m/year

AP49 
49 m/depth 

m/year

J une 1949 

t o

Nov .  1950

35. 0 20. 0 2. 20 2. 75

Nov .  1950 

t o

Jul y 1951

27. 9 15. 0 0. 35 0. 75

Jul y 1951 

t o

Dec .  1952

18. 4 7. 9 0. 35 0

t he u pper  cl ay deposi t  of  Ta c u b a y a  ex t endi ng t o a dept h of  

33 m  has  t ak en pl ace i n t he l ower  par t  of  t hi s deposi t ,  t hat  i s,  t o 

a  dept h of  be t ween  28 a n d  33 m,  c or r es pondi ng t o t he Ta c u 

b ay a  Cl ay  V.  Thi s  c l ay l ayer  i s l i mi t ed i n i t s upper  par t  by  

a per v i ous  l ayer  of  vol cani c ashes,  p u mi c e  a n d  l ar ge a mo u n t  

of  os t r acods  sand.  I t  appear s  t o be a f ai r l y g o o d  wat er  bear i ng 

s t r at um t hat  suppl i es e n o u g h  wat er  as t o mai nt ai n t he n o r ma l  

hydr ost at i c  pr essur e i n t he upper  deposi t s,  t hus  avoi di ng l ar ge 

s eepage st r esses i n t he upper - mos t  par t  of  t he deposi t .

T h e  s ec ond c l ay deposi t  cal l ed Ta r a n g o  Cl ay  I  i s r esponsi bl e 

f or  t he l ar gest  shar e i n t he sur f ace subsi dence,  i t s consol i dat i on 

h a d  r eac hed as mu c h  as 20  c m per  year  i n 1949,  Fi g.  5.  T h e  

har d  s t r at um of  33 m  i n dept h set t l ed 52 c m f r o m J une  1949 

t o De c e mb e r  1952.  T h e  upper  cl ay deposi t ,  Tac ubay a ,  set t l ed 

onl y  41 c m i n t he s a me  per i od,  gi vi ng a n  a mo u n t  of  93 c m f or  

t he t ot al  sur f ace subs i dence i n t he l ast  3. 5 year s wi t h r espect  

t o b e n c h ma r k  A B N 4 9  i nst al l ed at  49  m  dept h.

I t  appear s  f r o m gener al  obser vat i ons  car r i ed out  o n  a r oc k  

benc hmar k ,  by  t he Di r ec c i ón de Geogr af í a of  Mex i c o,  Fi g.  5,  

t hat  t he r at e of  sur f ace subs i dence of  t he Al a me d a  Cent r al  wa s  

about  42  c m i n 1949.  Ther ef or e,  t he r at e of  subs i dence of  t he 

deposi t s  at  gr eat er  dept h t han 49 m  wa s  onl y  abou t  1 5 % of  

t he t ot al  subs i dence obser ved.

F r o m t he pr act i cal  poi nt  of  v i ew t he concl us i ons men t i oned  

a b o v e  hav e  a l ar ge bear i ng o n  deci di ng bui l di ng f oundat i ons  

o n  pi l es bec aus e of  t he f act  t hat  pi l es r est i ng o n  t he 33 m  har d  

s t r at um hav e  t o sust ai n a l ar ge negat i ve f r i ct i on d u e  t o t he 

c ompr es s i on of  t he Ta c u b a y a  Cl ay  V.  T h e  negat i ve f r i ct i on 

o n  t he pi l es i s t o a l ar ge ext ent  dependent  o n  t he d r op  i n t he 

hydr ost at i c pr essur e i n t he har d  deposi t  at  33 m  dept h.  T h e  

ef f ect i ve pr essur e bec aus e of  t he d r op  i n t he pi ezomet r i c  pr essur e,  

wh e r e  a  bui l di ng r est s o n  pi l es,  i s t r ansf er r ed t o t he pi l es,  a n d  

t her ef or e,  t he l ar ger  t he dr op,  t he l ar ger  wi l l  be t he negat i ve f r i c

t i on o n  t he pi l es.  T h e  pi l es of  cer t ai n bui l di ngs const r uc t ed i n 

t he past  ar e ov er l oaded a n d  s h o w di f f i cul t  wo r k i n g  condi t i ons  

bec aus e of  t he l ar ge negat i ve f r i ct i on.  Ther ef or e a bui l di ng o n  

pi l es has  t o be des i gned so as t o t ake a sur f ace subs i dence wh i c h  

i s dependent  o n  t he exact  hydr ost at i c  condi t i ons a n d  mec hani c al  

pr oper t i es of  t he cl ay at  t he si t e i n consi der at i on.  Obser v at i ons  

of  speci f i c si t es s h o w t hat  t he consol i dat i on of  t he u ppe r  cl ay 

deposi t  r anges  bet ween 5 a n d  15 c m per  year ;  t her ef or e pr e 

caut i ons hav e  al so t o be t ak en r egar di ng t he publ i c  ut i l i t i es t o 

bui l di ngs o n  pi l es.

Ac k n o wl e d g me n t

T h e  aut hor  wi shes  t o expr ess hi s gr at i t ude t o t he Li f e I n 

s ur ance Co mp a n y  “ L a  Lat i no Ame r i c a n a ”  f or  per mi t t i ng h i m 

t o use t he dat a i n Fi g.  5 f or  publ i cat i on a n d  al so congr at ul at es 

t he engi neer i ng st af f  of  t he s a me  or gani zat i on o n  t hei r  car ef ul  

t i me obser vat i ons of  pi ezomet r i c  l evel s a n d  set t l ement s,  wh i c h  

hav e  undoubt ed l y  cont r i but ed t o t he under s t andi ng of  t he seat  

of  sur f ace subs i dence i n Me x i c o  Ci t y  a n d  hav e  pr ov i ded val uabl e 

i nf or mat i on f or  f ut ur e engi neer i ng f oundat i on desi gn.
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