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Ground-penet rat ing radar (GPR),  magnetometry,  induc ed electr ical  
conduct iv i ty,  and magnet ic  suscept ib i l i ty mapping i n the northeast  
quadrant  of  T iwanaku’s  monumenta l  core has revealed  a ser ies o f  
prev iously unknown arch itectura l  features.  Severa l  of  these were tested 
with excavat ions and conf i rmed to  be wal l  foundat io ns and conduits.  
Others await  subsurface test ing but  the synergy of  geophysica l  data,  aerial  
photographs,  and topographic data prov ide st rong ev idence for  the 
fo l lowing features:  two res ident ial  compounds, four  pools  for water  
retent ion, a series of  conduits ,  revetments,  and a square st ructure.  The 
combinat ion of  GPR and magnetometry has proven part icu lar ly usefu l  at  
T iwanaku. Whi le  the majori ty of  bur ied archi tectura l  features seem to be 
detected with GPR, magnetometry helps to  dist ingu is h between local 
bui ld ing materials  (most ly sandstone and other  sed i mentary rocks)  and the 
r i tua l ly s ign i f icant  andesite  imported f rom the sho res o f  Lake T it icaca.  The 
data suggest  that  a ser ies of  east  facing revetment s were bu i l t  w i th 
andesite whi le  those fac ing north  were not ,  a pat te rn consis tent  e lsewhere 
at  T iwanaku.  These revetments may have been most v i s ib le to pi lg r ims 
enter ing the c i ty f rom the east .  
 

 
 The c ity of  T iwanaku has at tracted ant iquar ian and archaeologica l interest  
s ince the t ime of  European conquest .  Today the s i te  stands wi th severa l  large 
monuments  in  var ious stages of  excavat ion and reconstruc t ion (F igure 1).  In 
the center l ies the Akapana,  a large p latform mound which l ike ly housed a 
sunken court  a t  i ts  summit.  To the nor th l ies  the Kalasasaya,  a large platform 
temple with massive upr ight  stones mark ing the annual so lar  cyc le,  and 
adjacent Semisubterranean Temple, one of  the ear l iest  monumenta l 
construct ions. To the east l ies the scattered ru ins of  the Kantatayi ta ,  the only 
monument  v is ib le on the surface that  has not yet  been excavated ( though 
excavat ions are current ly underway) .  Far to  the southwest l ies  the Pumapunku,  
a large p latform mound s imilar  to the Akapana that  may have served as a 
gateway to the c i ty for  p i lgr ims travel ing f rom Lake T it icaca some 10 km to the 
west (Vranich 2006) .  For decades these large monumenta l  s tructures formed 
the bas is for  archaeologica l inquiry and interpretat ion, leading the long-held 
bel ief  that  T iwanaku was a vacant ceremonia l center (Bennett  1934).  Extens ive 
survey and excavat ions beginning in the 1980s showed that  T iwanaku had a 
large res ident ia l  populat ion that  covered some six square k i lometers at  i ts  peak 
(Kolata 2003b) .  At least e ight  resident ial  compounds have been part ia l l y 
excavated—four wi thin the monumenta l core and four  more d is tant (Kolata 
2003a).  Yet ,  large expanses of  the s i te remain unexcavated and are no doubt  
f i l led wi th complex layers of  T iwanaku occupat ional levels ,  res ident ia l  
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compounds,  bur ia ls,  waterways, revetments,  and structures.  Large-area 
geophys ica l survey provides a means to explore these areas in cons iderable 
detai l ,  reveal ing not only the locat ions of  bur ied features,  but  a bur ied 
landscape that is  otherwise inv is ible shor t  of  complete s i te-wide excavat ion. 
Extens ive geophys ica l  surveys a l low us to ask  and begin to  answer new 
archaeologica l  quest ions. 
 

 
F igure 1:  Topographic map showing princ ip le T iwanak u monuments 
ment ioned in the text  (contour  interval  1 m).  Key:  1 Akapana,  2 Kalasasaya,  
3 Semisubterranean Temple (Templete),  4  Kantatayi ta ,  5  Pumapunku,  6 
Mol lo Kontu;  7 Putun i.  Digi tal  Elevat ion Model prov ided by Adam Barnes 
(see Barnes and Cothren 2007) 
 
 Geophys ica l  invest igat ions have recent ly taken a prominent ro le in  
T iwanaku Archaeology. W il l iams, Couture,  and Blom (2007)  conducted 
geophys ica l surveys (magnetometry,  res is tance, and ground-penetrat ing radar)  
in smal l  por t ions of  the Putuni  complex,  Akapana East  1 res ident ia l  complex,  
and a large area at Mol lu  Kontu to the south.  These and other  pre l im inary 
invest igat ions showed the potent ial  of  geophys ical  methods at T iwanaku.  The 
current projec t (Proyecto Arqueologico Pumapunku-Akapana,  PAPA) inc ludes 
f ive years of  geophysica l survey over  vast  port ions of  the monumenta l core.   
Koons (2006)  conducted a very large GPR survey d i rec t ly east of  the Akapana 
and a lso re interpreted data co l lected by Henderson (2004)  d irec t ly west of  the 
Akapana. To complement and extend these surveys we have used e lec tr ica l  
res istance, e lec tromagnet ic  induct ion (EMI),  and magnetometry over se lected 
areas previous ly surveyed wi th GPR. W e have a lso extended the GPR survey to 
the northeast sector  of  the monumenta l core.   
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 The mul t i-sensor approach is  very usefu l in d iscover ing severa l subsurface 
features and dis t inguish ing their  depth and nature of  construc t ion mater ia ls .  
Ground-penetrat ing radar  has proven to be the most usefu l and versat i le 
method because i t  detects  the major i t y of  subsurface features and a l lows their  
depths  to be est imated.  Magnetometry provides a powerfu l complement by 
d ist inguish ing between igneous rock  (e.g. andes ite)  and other common rocks 
used in  construc t ion (e.g.  sandstone and l imestone) .  Magnet ic  suscept ib i l i t y 
and conduct ivi t y (both f rom the EMI instrument)  provide addi t ional  ins ight for  
feature interpretat ion. The large geophys ical  dataset provides a database of  
informat ion that is  too detai led to descr ibe here in  i ts  ent i re ty,  so we focus on 
selec ted features  located east  and northeast  of  Akapana. These inc lude what 
we in terpret  to  be two res ident ia l  compounds, a ser ies  of  condui ts,  c ircular  
water  retent ion features,  revetments , and a square s tructure. In some cases we 
have tested these interpretat ions wi th excavat ions, but  many remain untested. 
Our interpretat ions were made us ing knowledge f rom previous excavat ions and 
the mult ip le  geophys ica l datasets avai lab le, but the ir  accuracy wi l l  no doubt  be 
assessed by future excavat ions.  
 
Geophysical  Methods 
 
 Archaeologica l  geophysics inc ludes a su ite  of  techniques that  enable 
detect ion of  bur ied archaeologica l  features and related depos i ts.  The most 
common and arguably successful  techniques inc lude ground-penetrat ing radar  
(GPR),  e lect r ica l res is tance,  magnetometry,  magnet ic  suscept ib i l i ty,  and 
induced e lect r ica l conduct iv i t y.  The lat ter  two datasets can be obta ined f rom an 
e lec tromagnet ic  induct ion (EMI)  ins trument.  W e have employed a l l  of  these at 
T iwanaku wi th cons iderable success,  though e lec tr ica l  res is tance survey was 
abandoned af ter  in i t ia l  tests  because i t  was too dif f icu lt  to insert  the e lec trodes 
into the dry so i ls  that  character ize the a l t ip lano dur ing winter.  The fo l lowing is  
a br ief  explanat ion of  GPR, EMI,  and magnetometry ( for  more deta i ls  see Clark  
1996;  Conyers  2004;  Gaf fney and Gater  2003;  Johnson 2006; W it ten 2006).  
 
Ground-penetrat ing Radar 
 Elec tromagnet ic  waves are sent  in to the subsurface f rom an antenna that  is  
pul led along the ground.  W hen the waves encounter  an in ter face, such as the 
boundary between s i te  matr ix  and rock  architecture,  some of  them are ref lected 
back to the surface and recorded (Conyers 2004) .  At the same t ime, por t ions of  
the s ignal  t ravel  deeper and ref lect  f rom other bur ied inter faces. This cont inues 
unt i l  the s ignal  deter iorates and cannot  be d ist inguished f rom noise. The t ime i t  
takes for  each ref lec t ion to be recorded by the receiv ing antenna is  measured 
and therefore depth can be approx imated.  The types of  inter faces that can be 
detected inc lude changes in  mois ture, sediment s ize,  and compact ion. Thus 
GPR is wel l  sui ted for  detect ing rock  and mud-br ick  archi tec ture, and many 
other types of  features  inc luding pathways,  d itches,  and graves. Depth 
penetrat ion var ies  widely depending on the f requency used and the e lectr ica l 
propert ies of  local  so i ls  and sediments (Conyers 2004) .  A GSSI SIR2000 
sys tem with 400 MHz antenna was used at  T iwanaku (F igure 2)  wi th re lat ively 
l im ited depth penetrat ion (about  one meter)  due to h igh percentages of  c lay,  
but this  was st i l l  suf f ic ient to  detec t most  of  the cul tura l  layers at T iwanaku. 
Data were col lec ted in  rec tangular  sub-regions us ing half -meter  l ine spacing.  
Process ing inc luded gain ing, band-pass f i l ter ing, background removal,  and 
pos i t ion correct ion.  T ime s l ices  represent ing 3-6,  6-9, and 9-12 nanoseconds 
(ns) were created represent ing approx imate depth in tervals  of  27-40,  40-54, 
and 54-67 cm. For d isp lay and interpretat ion these s l ices were combined in to 
one layer captur ing the major i t y of  anomal ies us ing pr inc ipal  components  



4  E. G Ernenwein & M. L. Koons 

Technology and Archaeology Workshop, December 7, 2007, Dumbarton Oaks 

analys is (Kvamme 2006a, 2007) .  Or ig inal s l ice maps and ref lec t ion prof i les 
were consul ted whenever depth or other deta i ls  were needed. 
 
Elec tromagnet ic  Induct ion (EMI):  Conduct iv i ty  
 Elec tromagnet ic  Induct ion (EMI) is  a method that creates e lectromagnet ic  
f ie lds which are induced in to the ground.  These f requenc ies  are much lower 
than those used for  GPR, and the method is  fundamenta l ly d i f ferent  (W it ten 
2006).  Elec tromagnet ic  (EM) f ie lds  emanate outward in a l l  d irect ions f rom the 
transmit ter ,  but  most important ly in to the ground. This pr imary f ie ld  induces 
eddy currents  in  the ground in response to i ts  e lectr ica l and magnet ic  
propert ies,  which col lect ive ly create a secondary f ie ld that  is  measured by a 
receiver  (W it ten 2006) .  The secondary f ie ld is  used to approximate the 
e lec tr ica l  (conduct iv i t y)  and magnet ic  (suscept ib i l i t y)  proper t ies  of  the 
subsurface wi th in the range of  the instrument.  Conduct iv i t y is  usefu l for  
detect ing d if ferences in ground mois ture and gra in s ize, where h igh 
conduct iv i t y of ten indicates moisture retent ion or re lat ive ly h igh percentages of  
c lay (McNei l l  1980a).  Thus conduct iv i t y is  usefu l for  mapping sedimento logy, 
but a lso archaeologica l features  i f  they have moisture or  sediment s ize contrast  
wi th the surrounding s ite  matr ix .  Somet imes rock  or  br ick  wal ls  can be detected 
because they are dr ier  than surrounding mater ia ls .  A Geonics EM38 (Figure 3) 
was used at  T iwanaku for  separate conduct iv i t y and magnet ic  suscept ib i l i t y 
surveys. Conduct iv i t y data represent  a weighted average of  conduct iv i t y for  
approx imate ly the upper 1.5 meters  of  ground (McNei l l  1980b).  In both cases 
l ines  of  data were col lected every half  meter ,  wi th four readings per meter  
taken in the survey d irect ion. Data were downloaded and processed to remove 
dr i f t ,  then in tegrated wi th other geophysica l  layers in GIS. 
 
 
 

  
F igure 2:  Geophsycia l  Survey 
Systems Inc. (GSSI)  SIR-2000 GPR 
system with 400 MHz antenna and 
survey wheel .  

Figure 3:  Geonics EM38 EMI 
instrument.  

 
Elec tromagnet ic  Induct ion (EMI):  Magnet ic  Suscept ib i l i ty  
 Magnet ic  suscept ib i l i ty is  a measure of  a  mater ia l ’s  abi l i t y to become 
magnet ized in  the presence of  a magnet izing f ie ld (Clark  1996;  Dalan 2006).  
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Mater ia ls  that are suscept ib le inc lude anyth ing conta in ing re lat ive ly h igh 
amounts magnet ic  minera ls  such as  magnet i te,  maghemite,  and many others 
(Dalan 2006).  Topsoi l  is  of ten much more magnet ic  than subsoi l  due to soi l  
formation processes (Dalan 2006).  In addi t ion, human act iv i t y tends to enhance 
the magnet ic  suscept ib i l i t y of  soi ls  by d is turbance,  us ing f i re ,  and depos it ing 
waste (Dalan 2006).  As a result  soi ls  at  archaeologica l s i tes  are of ten more 
magnet ic  than nearby soi ls  (Clark  1996) ,  and th is  provides addit ional  contras t 
for  archaeologica l features  created by the accumulat ion or removal  of  topsoi l  
such as graves, p i ts ,  bur ia ls ,  d i tches,  and middens.  The depth of  penetrat ion 
for  magnet ic  suscept ib i l i t y is  l im ited to about  0.5 m wi th the EM38 (and much 
less wi th other sensors).  Data were col lec ted wi th the EM38 (F igure 3) us ing 
the same sampl ing dens it ies as conduct iv i t y (see above)  and were processed in  
the same way.  
 
Magnetometry 
 Unl ike GPR and EMI,  which act ive ly generate EM f ie lds,  magnetometers 
pass ive ly measure subt le  var iat ions the earth ’s magnet ic  f ie ld  wi thout  imposing 
an art i f ic ia l  f ie ld (Clark  1996) .  Magnetometers are sens it ive to  two types of  
magnet ism: induced and remnant.  Induced magnet ism includes magnet ic  f ie lds  
that  are created by and external  magnet ic  f ie ld ,  in th is  case Ear th ’s magnet ic  
f ie ld.  I f  the Ear th ’s  magnet ic  f ie ld  could be “ turned of f ”  th is  type of  magnet ism 
would also cease.  Induced magnet ic  f ie lds  ind icate a mater ia l ’s  magnet ic  
suscept ib i l i t y,  so th is  component  of  magnetometry data is  s im ilar  to magnet ic  
suscept ib i l i t y measured by EMI ( the only d if ference is  the way i t  is  measured) .  
Remnant  magnet ic  f ie lds inc lude a l l  magnet ic  f ie lds  that are f ixed and do not  
re ly on external  magnet izing f ie lds . Objects  that  possess remnant  magnet ic  
f ie lds usual ly have a h istory of  ext reme heat ing. W hen objects  are heated to a 
h igh enough temperature their  magnet ic  minera ls  a l ign to ear th ’s  magnet ic  
f ie ld,  and then are “ f rozen”  that  way when cooled (Clark  1996).  Igneous rocks, 
which form f rom molten rock , have remnant magnet ic  f ie lds.  Other  f i red i tems, 
such as pottery,  f i red br ick , k i lns,  hear ths , and burned foundat ions a lso have 
remnant  magnet ic  f ie lds.  The depth of  penetrat ion of  a  magnetometer  is  
general ly about 1.5 meters (Kvamme 2006b) ,  but s trongly magnet ic  features  
such as the large andes ite b locks at  T iwanaku can be detec ted at greater  
depths . Depth es t imat ion is  very d if f icul t ,  but  at  T iwanaku there are p laces 
where large magnet ic  anomal ies suggest andes i te  blocks that are not v is ib le in  
GPR, suggest ing they are deeper  than the max imum depth penetrat ion of  GPR, 
or beyond about  one meter.  Magnetometry data were col lected us ing a 
Geometr ics  G-858 Ces ium gradiometer  in  2005 and a Bar t ington f luxgate dual 
gradiometer  system (F igure 4)  in  l ines spaced .5 m apar t  wi th 8 samples per 
meter in the survey d irect ion. Data were downloaded and processed to remove 
str ip ing errors ,  then assembled in to mosaics  and integrated with the other data 
in GIS. 
 
 
Study Area 
 
 The region to the east  and nor theast of  Akapana was chosen for  
geophys ica l s tudy because l i t t le was known about  th is large, open space. 
Excavat ions in  and around th is  area provide important c lues to what  might  be 
l ie  beneath the surface e lsewhere, and provide a basel ine for  interpretat ion of  
geophys ica l anomalies . The s trat igraphy can be s impl i f ied into two separate 
phases.  Deeper  depos its  genera l ly represent  ear l ier  per iod archi tecture (before 
about  A.D.  800).  A gravel layer  is  encountered above th is ,  which is  in terpreted 
to be a pavement  that  covered ear l ier  archi tecture,  represent ing a per iod of   
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a 

 
b 

Figure 4.  Magnetometry instruments used for  th is  pr oject .  (a)  Geometr ics 
G-858 cesium magnet ic  gradiometer;  (b)  Bart ingt ion dual- f luxgate 
gradiometer .  
 
urban renewal  beginning at  roughly A.D.  800 (Couture and Sampeck 2003) .  The 
urban renewal  inc luded razing the ear l ier  architecture,  so i t  is  only found in 
f ragmentary form and i t  is  c lear that  stones f rom ear l ier  s tructures were taken 
for  use in  subsequent bui ld ing (Couture 2002;  Couture and Sampeck 2003) .  
Condui ts for  contro l l ing water f low are commonly found beneath the gravel  
layer ,  but  are assoc iated wi th the pavement construct ion. I t  has long been 
establ ished that  monumenta l  and res ident ia l  architecture at T iwanaku is  
general ly or iented wi th the card inal  d irect ions (Kolata 2003a),  so geophys ica l 
anomal ies or iented in  th is  way probably represent archi tecture. In contrast ,  
conduits  can be or iented in  any d irec t ion,  a l lowing us to in terpret  angled l inear 
geophys ica l anomalies  as  condui ts.  Pr ior  to urban renewal  the monumenta l 
core was a p lace of  domest ic  res idence,  so remnants of  these are expected 
(Couture and Sampeck 2003) .  Typica l res ident ia l  compounds consist  of  a  large 
wal led enc losure, perhaps 30 m in width (W ill iams, et  a l .  2007) ,  which enc lose 
d ist inct  soc ia l groups (Kolata 2003b) .  W all  foundat ions are of ten bui l t  of  
para l lel  courses of  s tone (of ten local f ie ld s tone but  sometimes andes i te  or  
basalt  is  inc luded)  f i l led wi th adobe (Kolata 2003b).  Features  ins ide res ident ia l  
compounds are h ighly var iab le,  but  may inc lude residences, cook ing areas, and 
spec ia l ized craf t  areas (Kolata 2003b).  
 The use of  andes i te  imported f rom the Lake T it icaca shore up to 90 km away 
f rom Tiwanaku (Ponce Sanginés and Mogrovejo Terrazas 1970)  presents a 
somewhat unique and benef ic ial  s i tuat ion for  archaeologica l geophys ics.  Rock 
construct ions of  a l l  t ypes should be detec ted by GPR as long as i t  is  wi th in the 
upper meter,  but magnetometry data eas i ly d ist inguishes between igneous (e.g.  
andes ite)  and sedimentary (e.g.  sandstone)  rocks. Thus, the combinat ion of  
GPR and magnetometry data a l low subsurface archi tecture to be del ineated and 
the probable rock  type ident i f ied. Vranich (2006)  has shown that andes ite  is  
concentrated on the east  and west facades of  severa l T iwanaku monuments,  
where p i lgr ims most l ikely would have passed.  In contrast ,  north and south 
facing s ides were construc ted to be less showy and inc luded min imal amounts 
of  andes i te .  Andes i te  must have had very impor tant r i tua l s ignif icance because 
the architects  and craf tsmen of  T iwanaku went  to the shores of  Lake T i t icaca 
for  i ts  procurement .  The presence of  Andes i te  at the s i te,  and f ine workmanship 
would have been impress ive and awe- inspir ing to the pi lgr ims.
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Results  and Interpretat ions 
 
 The fo l lowing geophys ical  datasets were col lected in the s tudy area:  s ix  
hectares  of  GPR (F igure 5) ,  4 hectares  of  magnetometry (F igure 5),  and 1.6 
hectares  of  EMI (magnet ic  suscept ibi l i t y and conduct iv i t y)  (F igure 6).  These 
data provide a vast database of  informat ion that cannot be complete ly 
descr ibed here,  so we wi l l  focus on a few key geophys ica l  features.  Some of  
these features have been conf irmed by excavat ions, which were p laced to tes t 
GPR anomal ies as  par t  of  the second author ’s  master ’s  thes is  (Koons 2006).  
Other  anomal ies  are descr ibed us ing quotat ions where necessary to s ignal that 
they have not yet  been tes ted by excavat ion. The main geophys ica l features  
inc lude c ircular  water  retent ion features that  may have been “pools”  or  “baths”,  
a ser ies  of  water  conduits ,  “ res ident ia l  compounds”,  smal l  segments of  wal l  
foundat ions (probably razed remains  f rom urban renewal) ,  a  gravel  pavement ,  
“ revetments”  a l igned wi th the card inal d irec t ions,  and a “square st ructure.”  
 

a b 
Figure 5.  (a)  Extent  o f  GPR survey on the east  s ide  o f  Akapana, about  six 
hectares;  and (b)  extend of  magnetometry surveys,  a bout  four  hectares.
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F igure 6.  Extent  of  (a)  magnet ic  suscept ib i l i ty and  (b)  conduct iv i ty surveys 
in the study area,  about 1.6 hectares.  
 
“Pools” 
 A ser ies of  c ircu lar  anomal ies located due east  of  the Akapana were 
detected wi th al l  geophys ica l  data types, each provid ing valuable c lues for  
interpretat ion. The largest of  these is  shown in F igure 7.  GPR ref lect ions 
around the per imeter  suggest  that  the edges s lope toward the center (F igure 
7b) .  The dearth of  ref lect ions f rom ins ide the c irc le are probably due to the fac t 
that  th is area has more c lay than surrounding sediments,  caus ing at tenuat ion of  
the GPR s ignal  and l im ited depth penetrat ion.  In addi t ion,  i f  the s loping edges 
cont inue toward the center,  they may be beyond the depth capabi l i t ies  of  GPR 
in th is  area.  Magnetometry data show severa l large d ipolar  anomal ies  on the 
outs ide of  the c i rc le ,  wi th only a few smal l ,  weak anomal ies  ins ide, suggest ing 
that  th is feature is  sur rounded by b locks of  andes ite  (F igure 7c) .  Conduct iv i t y 
data ind icate that the inter ior ,  part icu lar ly the southwestern quadrant ,  conta ins  
more c lay and/or  mois ture than surrounding mater ia ls  (F igure 7d).  Magnet ic  
suscept ib i l i t y is  low inside the feature,  suggest ing that  the topsoi l  has been 
removed or heavi ly d is turbed (F igure 7e) .  F inal ly,  a  1952 aer ia l  photo shows 
vegetat ion growth concentrated around the per imeter .  Together these data 
suggest  that  the feature is  a c ircu lar  or  semi-c ircular  water  retent ion feature or  
“pool”  surrounded by b locks of  andes i te .  
 At  f i rs t  th is  in terpretat ion seemed unl ikely,  but  fur ther research ind icated 
that  indeed th is type of  feature is  known f rom Tiwanaku.  German archaeologist  
Max Uhle took photos of  two such features in 1893 (F igure 8).  The f irs t  is  a 
monumenta l spr ing located south of  Pumapunku, where andes i te  b locks 
surround a depress ion created to col lec t water f rom a natura l  spr ing.  The 
second is  very s im ilar ,  but  the exact  locat ion at T iwanaku is  not  known.  These 
photographs show near ly an exact  match to the information gathered wi th 
geophys ics  and s trongly suggest that  a number of  these “pools”  were bui l t  east  
of  Akapana.  Test  excavat ions on the southern edge of  th is  feature were p laced 
to test  the GPR data (Koons 2006)  and ancountered an abundance of  mois t ,  
c lay-r ich sediment.  This fur ther supports  the in terpretat ion.  Future excavat ions 
ut i l iz ing the other  geophys ica l data sets  are needed, however .  
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F igure 7.  Possib le pool d iscovered east  of  Akapana:  (a)  locat ion of  the 
most  prominent  ci rcu lar anomaly w ith in  the GPR surv ey area;  (b)  GPR data 
show a ci rcular pat tern with  strong ref lect ions aro und the per imeter and 
none on the inside;  (c)  magnetometry data suggest  t hat  th is feature is  
surrounded by large blocks of  andesite ,  w ith none i nside the ci rc le;  (d)  the 
inter ior o f  the c i rc le  is  re lat ive ly h igh ly conduct ive,  suggest ing moisture 
retent ion and/or clay deposits;  (e)  magnet ic  suscep t ib i l i ty is low ins ide the 
ci rc le,  suggest ing that  topsoi l  was removed;  ( f )  19 52 aerial  photo shows 
th ick vegetat ion growing around the perimeter.  Al l  of  th is suggest that  th is  
is  a water  retent ion feature surrounded by blocks o f  andesite.  
 

Figure 8.  Examples o f  “poo ls”  at  T iwanaku known f ro m photos by Max Uhle 
(1893).  ( lef t )  located south of  Pumapunku,  th is fea ture is  composed of  
b locks of  andesite  surrounding a depression where s pring water co l lects .  
( r ight)  A s imi lar feature found at  T iwanaku, exact  locat ion unknown. 
(photos courtesy Alexei Vranich) .  
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“Res ident ia l  Compounds” 
 Two poss ib le resident ia l  compounds have been ident i f ied in the geophys ical  
data.  One is  located east  of  the modern fence,  southeast  of  the Kantatayi ta  
(Figure 9a) .  Subt le l ineat ions are d iscernable in the GPR data (F igure 9b) ,  but  
these are much c learer in  magnetometry (F igure 9c).  Together the two datasets  
suggest  a rectangular compound measur ing 33 m east-west and 27 m nor th-
south.  This  agrees wi th projec t ions by W il l iams et al .  (2007) ,  who found that a 
res ident ia l  compound located east of  the present geophys ica l  survey area was 
about  30 meters  wide.  The magnet ic  anomal ies are re lat ive ly weak and may 
ind icate wal l  foundat ions bui l t  of  moderately magnet ic  s tone (perhaps 
sandstone) and/or  baked adobe. The southern wal l  cons ists  of  para l le l  
l ineat ions, perhaps represent ing two separate courses of  foundat ion stone, 
which is  typ ica l  for  res ident ia l  compound wal ls  e lsewhere at T iwanaku (Janusek 
2003;  Kolata 2003b) .  Magnet ic  anomal ies  ins ide the “compound walls”  could 
represent  burned features , such as cook ing or f i r ing areas,  or  large p ieces of  
andes ite.  
 

 
F igure 9.  “Resident ia l  Compound”  interpreted based on GPR and 
magnetometry anomalies. (a)  locat ion of  anomal ies w ith in  GPR survey;  (b)  
anomalies in GPR that  suggest  a rectangular  feature  (green arrows);  (c)  
magnetometry data have anomal ies in  the same locat i ons,  p lus a more 
complete rectangular  out l ine with  more detai l  o f  th e west  and south 
boundaries (p ink arrows).  The s ize and or ientat ion of  these anomalies 
suggest that  th is  is  a resident ial  compound, and th e southern wal l  appears 
to have two paral lel  components consistent  w ith oth er  resident ia l  
compound wal ls at  T iwanaku.  Inter ior  magnet ic  d ipol ar anomal ies cou ld 
indicate cooking or  f i r ing areas,  or b locks of  ande site.  
 
Wall  Foundat ions 
 The GPR data show many shor t  l inear  anomalies  or iented in  the card inal 
d irec t ions. A handfu l  o f  these were tested in 2005 (Koons 2006),  reveal ing 
por t ions of  wal l  foundat ions. Two excavat ion uni ts  were placed west  of  the 
Kantatayi ta (F igure 10a-c).  Unit  S2 revealed a wal l  foundat ion or iented nor th-
south,  cons istent  with  the anomaly (Figure 10c).  More wal l  foundat ions were 
found in  Units  S1 and S8 (F igure 11) .  In  both cases GPR anomal ies proved to 
be very re l iab le ind icators  of  subsurface architecture.  Not  only were the wal l  
foundat ions encountered exact ly where predicted,  but they d isappear exact ly 
where the GPR anomal ies  disappear.  
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F igure 10. Port ions o f  wal l  foundat ions d iscovered by test ing GPR 
anomalies.  (a)  locat ion of  magnif ied area,  (b)  magn i f ied area showing the 
Kantatayi ta (where no GPR data were col lected) ,  the  40 x 40 m GPR survey 
region,  and two excavat ion un its measuring 5 x 5 an d 5 x 7 meters;  (c)  
magnif ied GPR sl ice showing anomalies that  were tes ted and excavat ion 
units (af ter Koons 2006) ;  (d)  un i t  S2 showing a wal l  foundat ion indicated 
by the GPR anomaly (af ter  Koons 2006) .  
 

 
F igure 11. More wal l  foundat ions encountered when t est ing GPR 
anomalies.  (a)  GPR s l ice showing anomal ies tested b y excavat ion un its S1 
and S8;  (b)  wal l  foundat ion encountered in these un its ,  consis tent  w ith the 
GPR anomalies.  (af ter Koons 2006) 
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Condui ts 
 Addi t ional  l inear GPR anomal ies or iented obl iquely were a lso tested wi th 5 x  
5 m excavat ion units  (Koons 2006)  (F igure 12a-b) .  Both units  encountered 
water  conduits  beneath a c lean gravel pavement s i tuated 45-50 cm below the 
surface (F igure 12c) .  As wi th the wal l  foundat ions discussed above,  these GPR 
anomal ies proved to be very re l iab le indicators of  subsurface architec ture.  The 
l inear anomal ies  represent ing wal l  foundat ions and condui ts are very s im i lar  in 
the GPR data,  but can be d ist inguished by their  gr id  or ientat ion.  Al l  of  the wal l  
foundat ions are or iented wi th the card inal d i rect ions, but  canals are or iented 
obl iquely.  This re lat ionship may not  be foolproof ,  but is  one way to in terpret  
anomal ies such as those ind ic ted in  F igure 13.   
 

 
F igure 12. Test  of  obl ique l inear  GPR anomalies. (a )  locat ion o f  magnif ied 
area;  (b)  magnif ied GPR image showing locat ions of  excavat ion uni ts;  (c)  
resu lts of  two 5 x 5 m test  excavat ions reveal ing c onduits as the source o f  
the obl ique l inear GPR anomalies (af ter Koons 2006) .  
 
Gravel  Pavement 
 The gravel  pavement  has been found in  a l l  excavat ion uni ts  in this area 
(Cor tez Ferre l 2006;  Koons 2006) .  I t  is  composed of  gravel  m ixed wi th c lay,  
which should cause high ampl i tude GPR ref lect ions. Yet ,  the pavement is  not  
v is ib le in the GPR data in most  locat ions for  two reasons. One problem is  
contrast .  Archaeologica l features are detected wi th geophysics  because they 
contrast  with  immediate ly surrounding depos i ts.  Since the gravel  layer extends 
over  a very large area ( indeed i t  could be larger  than the GPR survey area) ,  
there is  no contrast  f rom one p lace to the next .  In  other  words,  when something 
ex ists  everywhere i t  becomes part  of  the background and wi l l  on ly be detected 
on i ts  edges. Also i f  the pavement is  detec ted i t  wi l l  create f lat- lying 
ref lect ions, which can eas i ly be confused wi th noise and removed wi th a 



Subsurface Imaging in Tiwanaku’s Monumental Core  13 

Technology and Archaeology Workshop, December 7, 2007, Dumbarton Oaks 

standard “background removal”  f i l ter  (Conyers 2004) .  Figure 14 i l lustrates  th is 
problem. The upper  prof i le (F igure 14a) conta ins  hor izontal  banding f rom noise 
(unwanted radio s ignals recorded by the receiv ing antenna) ,  but  a lso conta ins  
ref lect ions f rom hor izonta l layers in the ground. W hen a background removal 
f i l ter  is  appl ied both the noise and f la t- lying ref lectors are removed (Figure 
14b) .  The result  is  a genera l improvement compared to the or ig inal  data but 
extensive f lat- lying ref lect ions are a lso removed. W e are current ly work ing on a 
new background removal f i l ter  that  does not  remove the gravel  pavement  
ref lect ions. 
 

 
F igure 13. L inear GPR anomalies west o f  the Kantata yi ta  or iented at  
var ious angles. Those or iented with  the cardinal d i rect ions are interpreted 
as wal l  foundat ions or o ther  components o f  archi tec ture,  whi le obl iquely 
ang led anomalies are more l ike ly to  represent  condu its .  (a)  locat ion of  
magnif ied area;  (b)  magnif ied port ion of  GPR sl ice composi te showing 
l inear  anomalies. 
 
 Excavat ion unit  S3 (F igure 12b) was placed to test  a  broad amorphous GPR 
anomaly,  which appears in  prof i le as  a s loping ref lect ion (F igure 15a) .  No 
corresponding s loping feature was encountered. Instead, the f la t- lying gravel 
pavement was found throughout  the uni t  (F igure 15b).  The modern ground 
surface above,  however,  is  gent ly s loped where the anomaly appears.  Since the 
GPR data have not been topographical ly cor rected,  the ref lect ion prof i les  treat  
a l l  subsurface ref lec t ions as i f  they occurred beneath a perfec t ly f lat  surface. 
Since the ground is  s loped in th is  area,  a f la t- lying ref lect ion wi l l  appear s loped 
and wi l l  be the mirror- image of  the ground above. Therefore,  the southward-
d ipping ref lec t ion occurs where the surface s lopes down northward,  and the 
ref lect ion actual ly represents the f la t- lying gravel  layer .  Thus,  the gravel  layer  
becomes h ighly v is ible in  GPR ref lec t ion prof i les  and s l ice maps wherever  the 
surface is  s loped (F igure 15c) .  The d ig ita l  e levat ion model  (DEM) created by 
Barnes and Cothren (2007)  is  not deta i led enough to show th is  s lope,  but we 
can infer  ground surface s lope based on the GPR data and f ie ld  notes  taken 
dur ing geophysica l data co l lec t ion and excavat ions. I t  is  unclear at th is  t ime i f  
the surface topography is  related to the bur ied urban landscape or  more recent 
eros ional  processes.   
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F igure 14:  Accidenta l  removal  of  hor izonta l  re f lect ions with background 
removal f i l ter .  (a)  a ref lect ion prof i le  before bac kground removal ,  showing 
hor izontal  banding re lated to noise,  and a f lat- ly i ng ref lect ion that  could  
be archaeolog ica l  interest  (out l ined in  red);  (b)  a f ter background removal 
the horizonta l  banding is removed, but  so is  the f l a t- ly ing ref lect ion that  is 
probably not  related to no ise. 
 
“Revetments” 
 The northern por t ion of  the survey area conta ins  severa l very long l inear 
anomal ies in GPR (F igure 16a)  and magnetometry ( f igure 16b),  which are 
a l igned with the card inal d irec t ions. A 1952 aer ia l  photo a lso shows vegetat ion 
marks that  coinc ide wi th the geophys ica l anomalies (Figure 16c).  F igure 16d is  
a compos ite of  the two geophys ica l  datasets,  with  magnetometry in  the 
background and GPR super imposed on top and 50% transparent .  Anomal ies  
descr ibed in  the tex t are labeled A-K on the appropr ia te images in  Figures 16. 
Anomaly “A”  is  a revetment ( reta in ing wal l)  bu i l t  of  a var ie ty of  s tones inc luding 
andes ite,  known f rom excavat ions by a French expedit ion in  1903 (Stanish 
2002).  This revetment probably was bui l t  to s tabi l ize the edge of  a terrace to 
the west .  Part  of  the revetment  ( “B”)  that  was not  excavated is  c lear ly v is ible in  
GPR and the aer ia l  photograph.  These anomalies  are somewhat complicated 
because a modern pedestr ian pathway is  located a long the west  s ide of  the 
excavat ion trench (now f i l led) ,  and in other locat ions in  th is area (“C”) .   
 Magnetometry data and the 1952 aer ia l  photograph suggest  a second 
revetment is  located about 40 meters to  the east ( “D”) .  I t  is  a lso v is ible in  GPR, 
but is  very d if f icu lt  to see in  the s l ice composite.  This l inear  feature is  
interpreted as  a revetment because i t  is  s im i lar  and paral le l  to the known 
revetment to  the west.  Al ternat ive ly,  i t  could be large,  deep conduit  l ike others 
found at T iwanaku (Couture and Sampeck 2003) .  The strong magnet ic  dipoles  
suggest  that  th is feature was bui l t  us ing large p ieces of  andes ite.  A thi rd 
poss ib le revetment  ( “E”)  is  ind icated by GPR, magnetometry,  and the 1952 
aer ia l  photograph. The GPR anomal ies  ind icate that the surface s lopes toward 
the east ,  perhaps ind icat ing that  the modern surface st i l l  preserves some of  the 
anc ient  topography created by terrace and revetment  construct ion.  
Magnetometry ind icates that some por t ions of  th is feature may inc lude 
andes ite.
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F igure 15. Gravel pavement  layer v is ib le where mode rn surface is  s loped. 
(a)  ref lect ion prof i le  showing a d ipp ing ref lect ion  that  corresponds to  the 
hor izontal  gravel pavement  (af ter  Koons 2006);  (b)  5 x  5 m excavat ion un it  
showing the f lat  gravel  pavement  and s lop ing ground  surface,  w ith lef t  red 
arrow ind icat ing locat ion of  prof i le  in “a”  (af ter  Koons 2006);  (c)  port ion of  
GPR survey area showing GPR anomal ies created by th e gravel  pavement  
underneath the sloping modern surface.  Green arrows  po int  out  the 
anomalies and indicat ion the d i rect ion of  surface s lope (nor th and west) .  
 
 A ser ies of  east-west l ineat ions (“F” – “L”)  a lso occur in th is  area.  These 
features are c lear ly shown in the GPR data, and some are apparent in the 1952 
aer ia l  photograph, but  they do not show up in magnetometry suggest ing an 
absence of  andes i te  and other  igneous rocks. They could be bui l t  of  sandstone 
or some other weak- or  non-magnet ic  mater ia l .  These l ineat ions could a lso be 
revetments,  and they seem to make connect ions between the nor th-south 
“revetments.”   Together these long l inear anomal ies suggest  a ser ies of  
terraces bounded by revetments  descending east  f rom the Semisubterranean 
temple and north f rom the Akapana.  The broad area between “D”  and “E”  may 
ind icate a p laza, as  the DEM indicates that th is area was re lat ive ly f lat  
compared to the surroundings (see Barnes and Cothren 2007).
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a b 

c d 
Figure 16. Northern port ion of  survey area showing possible revetments 
and other features. (a)  ground penetrat ing radar;  ( b)  magnetometry;  (c)  
1952 aer ial  photograph; and (d)  combinat ion of  magn etometry (b lue) and 
GPR (magenta) .  Key:  A = 1903 excavat ion t rench and revetment;  B = 
unexcavated port ion of  revetment  v is ib le in GPR dat a;  C = locat ion of  
modern pedestr ian pathways;  D = possible revetment const ructed with 
andesite or  large water  conduit ;  E = possible revet ment;  F-L  = possible 
east-west revetments const ructed of  sed imentary roc k or some other  non-
magnet ic material .
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“Square Structure” 
 Nor th of  the east-west  “ revetments”  is  a possible square struc ture ind icated 
by GPR (Figure 17).  This geophys ica l feature is  very d if f icu lt  to interpret 
because there are few s imi lar  features in the archaeologica l record. I t  
measures about  20 meters  across and is  roughly square,  much l ike the 
Semisubterranean Temple to the southwest (Figure 1).  An absence of  
magnetometry anomalies suggests  that  i t  does not  inc lude any andes ite,  but 
large d ipolar  anomal ies to the west  may ind icate andes ite  b locks assoc iated 
wi th th is  feature. The newly created DEM (Barnes and Cothren 2007)  shows a 
s l ight topographic  r ise in  th is area, fur ther  suggest ing the presence of  bur ied 
archi tec ture. W ithout  many s imi lar ly s ized and shaped features in the 
archaeologica l  record,  and wi thout  addit ional  geophys ica l  data to the nor th and 
east i t  is  very d if f icu lt  to  in terpret  th is feature.  Test  excavat ions are needed. 
 

 
Figure 17. “Square st ructure”  indicated by GPR. (a)  northern port ion of  
GPR survey area showing locat ion of  a possib le squa re st ructure;  (b)  
magnetometry data in same area does not  show the sq uare feature 
( ind icated in  red based on GPR), but  anomalies to  t he west could be 
re lated. 
 
Discussion & Conclusions 
 
 The combinat ion of  GPR and magnetometry has proven to be a very 
ef fect ive and re l iab le approach at T iwanaku.  One major advantage is  the import  
and select ive use of  andes ite  at T iwanaku,  which can be dis t inguished f rom 
other common bui ld ing mater ia ls because of  i ts  strong remnant  magnet ic  f ie ld .  
This combined wi th GPR, which reveals the major i t y of  architec ture in the upper  
meter,  a l lows del ineat ion of  much of  the bur ied landscape in the northeast  
monumenta l core.  These interpretat ions admit ted ly suf fer  f rom a lack  test ing, 
but l im ited excavat ions presented above show the geophys ica l  data to  be very 
re l iab le. Aer ial  photos , conduct iv i t y,  and magnet ic  suscept ib i l i t y data a lso 
great ly a ided interpretat ion. The northeastern monumenta l  core area at  one 
t ime may have been constructed in a ser ies  of  terraces stepping down east  of  
the Semisubterranean Temple and nor th f rom the Akapana and Kantatayi ta.  
East- fac ing “revetments”  probably inc luded large b locks of  andes ite,  whi le  
nor th- fac ing “revetments”  d id not.  This  is  consistent  wi th  f ind ings e lsewhere at 
T iwanaku, where east  and west  fac ing facades inc lude much andesite ,  but north 
and south fac ing port ions are construc ted wi th l i t t le or  no andes i te  and are 
c lear ly not meant  to impress p i lgr ims ( Isbel l  and Vranich 2004; Vranich 2006) .  
I f  our interpretat ions are correct  th is suggests that the east- fac ing revetments 
were construc ted wi th andes ite to  impress p i lgr ims enter ing the c i ty f rom the 
east.   
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 In  addit ion to the poss ible terraces and revetments in the northeast ,  severa l 
other features have been ident i f ied and some ver i f ied by excavat ion. A poss ib le 
square s tructure was ident i f ied in  the nor thernmost port ion of  the survey area. 
A ser ies of  “pools”  may have been constructed east of  Akapana, perhaps for  
r i tua l bath ing or  other  ceremonia l ac t iv i t ies . In addi t ion,  two poss ib le res ident ia l  
compounds were ident i f ied (one of  them shown in F igure 9) .  Many other 
anomal ies suggest addit ional archaeological  features , but  we chose to focus on 
a few key features  for  th is  paper .  The geophys ical  data serve as an immense 
database of  information for  fu ture excavat ion and interpretat ion. 
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