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Resumen

En agosto del 2009 se llevó a cabo una 
rtqurgeek„p" igqh‡ukec" uwdcewƒvkec" eqp" Ýpgu"
arqueológicos en el Lago de Tequesquitengo, 
en el Estado de Morelos. El objetivo del trabajo 
fue localizar y delimitar los restos del pueblo 
que yace sumergido en el fondo del lago desde 
mediados del siglo XIX. Se realizó la adquisición 
y mapeo de datos magnéticos, batimétricos de 
ecosondeo monohaz y se obtuvieron imágenes 
de sonar de barrido lateral de 200 KHz. Para el 
posicionamiento de la embarcación durante la 
prospección se empleó un sistema de navegación 
marina GPS. A excepción de los restos de las 
estructuras culturales más grandes visibles en 
las imágenes de sonar, los resultados magnéticos 
fueron más útiles para delimitar la extensión 
del pueblo sumergido. Los datos muestran 
anomalías con longitud de onda corta alrededor 
y en las inmediaciones de la iglesia sumergida. 
Asimismo, las anomalías con los componentes 
de longitud de onda en la banda más corta están 
agrupadas en el área adyacente inmediata al 
este de la iglesia. Los componentes de longitud 
de onda corta sólo se observan alrededor de la 
iglesia y no en el resto del área prospectada, 
por lo que proponemos que éstos corresponden 
a restos culturales pertenecientes al pueblo 
sumergido.

Palabras clave: Lago de Tequesquitengo, México, 
Geofísica, Arqueología, Magnética.

Abstract

In August 2009, a marine geophysical survey 
was conducted in Lake Tequesquitengo (located 
in the state of Morelos, Mexico) to delineate the 
extent of the remains of a small town that has 
been submerged since the mid 19th century. The 
survey consists of the acquisition and mapping 
of magnetic, single beam bathymetric and side-
scan sonar data. A dual receiver marine GPS 
navigation system was used to position the boat 
during the survey. Except for the larger structural 
remains that are visible on the side scan sonar 
images, the magnetic anomaly map proved to 
be most useful in delineating the extent of the 
town. These anomalies exhibit short wavelength 
components in the area surrounding a submerged 
church, with the shortest wavelength components 
dgkpi"eqpÝpgf" vq" vjg"ctgc" koogfkcvgn{"gcuv"qh"
the church. These short wavelength components 
are only observed near the church; therefore, we 
propose that they delineate the buried remnants 
of the submerged town.

Key words: Lake Tequesquitengo, Mexico, 
Geophysics, Archaeology, Magnetic.
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Introduction

Marine geophysical techniques are useful to 
locate and map archaeological sites submerged 
in lakes (e.g. Cassavoy and Crisman, 1988; 
Crisman, 2005). However, few such studies 
have been attempted in Mexican lakes, many 
qh"yjkej"oc{"eqpvckp" ukipkÝecpv"ctejcgqnqikecn"
tgockpu"cpf"ctvkhcevu0"Kp"Cwiwuv"422;."vjg"Ýtuv"
marine geophysical-archaeological survey within 
Lake Tequesquitengo, located in Morelos, Mexico 
(Figure 1), was undertaken by students and 
kpxguvkicvqtu" htqo" vjg" Kpuvkvwvq" fg" IgqÝukec."
UNAM. Since the middle part of the 19th century, 
a small colonial-style town has been submerged 
in the southernmost part of this lake where the 
church tower and some of its walls and columns 
are still observed. These structures have been 
previously mapped; however, the full extent of 
the town has yet to be determined. The purpose of 
vjg"uvwf{"ku"vq"fgÝpg"wukpi"igqrj{ukecn"ogvjqfu"
*vqvcn"Ýgnf"ocipgvke."dcvj{ogvt{."cpf"ukfg"uecp"
sonar) the extent of the submerged town. The 
results should prove useful for planning future 
archaeological dives in this area. 

Preliminary results of this work have been 
presented in Galindo gv"cn0 (2009), Galindo (2012) 
and in the thesis of Galindo (2011). Herein we 
present these results in a more concise, readily 
available form along with previously unpublished 
results of an analysis of the spatial wavelength 
components of the magnetic anomalies.

Previous Work

The most prominent cultural remains are 
associated with a submerged church located within 
the southernmost part of Lake Tequesquitengo 
(Figure 2). The church lies on a small bathymetric 
high at about 2057160m N, 471940m E 
(UTM zone 14Q): which is the position of the 
navigation buoy marking the bell tower as 
determined using a single frequency GPS. 
With the exception of equipment testing, no 
detailed geophysical survey has been previously 
conducted in the lake. However, two separate 
groups have conducted professional underwater 
archaeological surveys (dive surveys) in the area 
around the church. In the latter part of 1987, the 
PROTEO group (Lowenstein gv"cn0, 1991) began 
a 5-year, systematic survey (“Proyecto Pueblo 
Hundido de Tequesquitengo”) of the area around 
the submerged church. They found a major 
concentration of cultural remains located in a 
20m x 20m area (400 m2 area) corresponding 
to the remains of the church (the bell tower, 
walls, columns, etc.). They also report a second 
area of cultural remains, which they called “La 
Casa del Cura” (possibly the remains of the 
Presbytery), located 15 meters north of the bell 
tower, which covers an area of about 200 m2. 
The plan, constructed by the PROTEO group, of 
the structures found in the area of the church 
tower and their relation with the Presbytery is 
presented in Figure 3a. The area encompassing 
both structures is roughly 55m in the N-S 
direction by 45 m in the E-W direction (Figure 
3b).

The second group of investigators, headed by 
Biologist Virginia Urbieta, extended the search 
area of the PROTEO group (Figure 4). They found 
cultural remains (e.g., columns, remains of walls 
and a small shelter, etc.) in the area surrounding 
vjg" ukvgu" ocrrgf" d{" RTQVGQ0" UrgekÝecnn{."
remains were mapped up to 30 meters north 
of the Presbytery and up to 30 meters south 
and west of the bell tower. Thus, the results of 
the archaeological dives have established that 
cultural remains exist for a distance of at least 
60 meters north of the bell tower, 40 meters 
south of the bell tower, 40 meters west of the 
bell tower, and 15 meters east of the bell tower: 
an area of about 5,500 m2. Of importance to 
our study is that Urbieta´s group detected the 
upper parts of some buried structures east and 
NE of the church; thus, it is quite possible that 
the remains extend farther from the mapped 
area, especially in the deeper parts of the lake 
located to the east and northeast of the church 
where artifacts may be completely covered by 
sediments.Figure 1. Location of Lake Tequesquitengo south of 

Cuernavaca and the Teoloyucan Magnetic Observatory 
located in the NW corner of Mexico D.F. (Background 

map from Google Earth).
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Figure 2. Location map of the survey area 
and submerged church (Background map from 

Google Earth).

Figure 3. Archaeological site plans illustrating the 
relative positions of the major structural remains. 
A) San Juan Bautista Church as mapped during the 
PROTEO surveys (Lowenstein et al., 1991). B) Church 

and Presbytery.
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Figure 4. Map of the church and surrounding areas as determined by the group headed by Virginia Urbieta (unpublished 
map graciously provided by Virginia Urbieta).
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Geophysical Survey

The main survey covered an area of 284,640 m2 

in the southernmost part of the lake (Figure 2). 
Vqvcn"Ýgnf"ocipgvke"ogcuwtgogpvu."dcvj{ogvt{."
side scan sonar data collected along 36 parallel 
lines oriented at an azimuth of 339° were used in 
vjg"rtgugpv"cpcn{uku"*Hkiwtg"7+0"Vjg"rtqÝngu"jcxg"
an average length of 593 meters with a planned 
line spacing of 15 meters. 

The boat used in the survey was the 
“Barracuda” (Figure 6) which was graciously 
provided by the port captain of Tequesquitengo. 
The position of the ship during the survey was 
determined using the Kongsberg SEAPATH20 
dual GPS receiver, marine navigation system 
which provides the boats heading, position and 
speed. The navigation data was displayed in 
real time using the Nobeltec navigation program 
which was used by the captain as a helmsman’s 
display, which helps the captain to keep the boat 
on the survey line. 

Vjg" vqvcn" Ýgnf" ocipgvke" fcvc" ycu" eqnngevgf"
using the Igqogvtkeu" Oqfgn" I:99 marine 
proton procession magnetometer, which has 
a resolution of 0.1 nT (Breiner, 1973). The 
sensor, which is connected to the recording 
computer by an electrical/strength cable, was 
towed a distance of 50 meters behind the boat 

to minimize the magnetic noise generated by 
vjg"dqcv" cpf" kvuÓ"oqvqt0"Pqp/ogvcn" Þqcvu"ygtg"
mounted to the cable to keep the sensor at a 
depth of 1 meter so that the cable and sensor 
would not hit the lake bottom during turns nor 
snag on submerged objects. The magnetic data 
was recorded at a sampling rate of 2 seconds 
using the Geometrics Oci" Nqi" Nkvg program. 
This program also calculates and records the 
position of the magnetic sensor using the Ship´s 
navigation data. Magnetic data was not recorded 

Figure 5. Survey lines superimposed on the magnetic contour map (black-shaded contours) and bathymetric contours 
(white contours) constructed from the data collected during the survey. 

Figure 6. Photo of the “Barracuda” taken during 
installation of the equipment.



R. E. Galindo Domínguez,"gv"cn0

266      Volume 52 Number 3

while the boat was turning to the next line. 
During the survey, the DST (Disturbance Storm 
Time) index data from the Kyoto observatory, 
Japan, was periodically checked to make sure 
that no magnetic storm was occurring during 
data acquisition. The plot (Figure 7) of the DST 
index for August 26 and 27, 2009 illustrates that 
the data collected during our survey were not 
perturbed by any magnetic storms. 

 
Bathymetric data and side scan sonar data 

was obtained using the Konsgberg EA 600 
(Konsgberg, 2004, 2007) combination single 
beam echo-sounder and side-scan sonar system. 
The frequency of the two side-scan transducers 
is 200 KHz (Figure 8). The transducer for the 
echo-sounder can be driven at either 38 or 200 
KHz; during the survey the 200 KHz option was 
used. 

Total Field Magnetic Data Processing

A contour map of the raw uncorrected total 
Ýgnf" ocipgvke" ogcuwtgogpvu" qh" vjg" uwtxg{"
is presented in Figure 9a. In addition to the 

ocipgvke"Ýgnf"rtqfwegf"d{"vjg"ewnvwtcn"ctvkhcevu"
of the town (which is what we are interested in), 
the raw data measured by the proton precession 
magnetometer includes a component due to the 
GctvjŁu"ockp"Ýgnf."c"eqorqpgpv"fwg"vq"vjg"Uwp"
yjkej"ecwugu"Þwevwcvkqpu"*fkwtpcn"xctkcvkqpu+"kp"
vjg"GctvjŁu"ocipgvke"Ýgnf"d{"kpfwekpi"ewttgpvu"
in the ionosphere (Otaola, et al., 1993; Blakely, 
1996), a component due to the ships’ heading 
(or sensor orientation), and a component due to 
other ship effects (which we assume to be small 
as the sensor was towed 50 meters behind the 
dqcv+0" Vjwu." vq" fgvgtokpg" vjg" ocipgvke" Ýgnf"
rtqfwegf"d{"vjg"ewnvwtcn"ctvkhcevu."yg"owuv"Ýtuv"
remove all the other components as best we can, 
or in other words, we must reduce the measured 
values to magnetic anomalies. 

Tgoqxcn"qh"vjg"GctvjŁu"ockp"Ýgnf"*KITH+

Vjg"Ýtuv"uvgr"kp"vjg"tgfwevkqp"qh"vjg"tcy"fcvc"ku"
to remove the contribution of the Earth´s main 
Ýgnf0"Vjku"ku"ceeqornkujgf"d{"guvkocvkpi"vjg"xcnwg"
qh"vjg"GctvjŁu"ockp"Ýgnf"cv"vjg"nqecvkqp"cpf"vkog"
of each measurement using model 11 (IAGA, 
Working Group V-MOD, 2010) of International 
Geomagnetic Reference Field (IGFR11) and 
removing this value from the measured value. 
The Fortran source code of the IGRF11 subroutine 
was obtained from http://www.ngdc.noaa.gov/
IAGA/vmod/igrf.html. A main driver was written 
to adapt the subroutine for use in reducing marine 
data. Figure 9b presents a contour map of the 
vqvcn"Ýgnf"fcvc"eqttgevgf"hqt"vjg"eqpvtkdwvkqp"qh"
vjg"GctvjŁu"ockp"Ýgnf0

Eqttgevkqp"hqt"Fkwtpcn"Xctkcvkqpu

The next step in the reduction procedure is to 
remove the diurnal variations from the IGRF-
corrected values. To accomplish this, the total 
Ýgnf" ocipgvke" fcvc" hqt" vjg" uwtxg{" fcvgu" ygtg"
obtained from the magnetic observatory at 
Teoloyucan (a permanent magnetic observatory 
maintained by the Instituto de Geofísica, UNAM) 

Figure 7. Graph of the equatorial DST Index verses time (GMT) for August 2009. Data obtained from the Kyoto 
Observatory ]jvvr<11uyfeyyy0mwik0m{qvq/w0ce0lr1fuvfkt1kpfgz0jvon_0

Figure 8. Photographs of the survey equipment. 
Left side, EA600 echosounder transducer. Right side, 

Sidescan sonar transducers.
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Figure 9. Contour maps of the magnetic data at three processed stages. A) A contour map of the raw uncorrected 
vqvcn"Ýgnf"ocipgvke"ogcuwtgogpvu0"D+"Eqpvqwt"ocr"qh"vjg"vqvcn"Ýgnf"fcvc"eqttgevgf"hqt"vjg"eqpvtkdwvkqp"qh"vjg"GctvjŁu"

ockp"Ýgnf0"E+"Eqpvqwt"ocr"qh"vjg"vqvcn"Ýgnf"xcnwgu"eqttgevgf"hqt"dqvj"vjg"KITH"cpf"fkwtpcn"xctkcvkqpu0



R. E. Galindo Domínguez,"gv"cn0

268      Volume 52 Number 3

which is located at 19° 44’ 45.100”N, 99° 11’ 
35.735”W, 125 km from Lake Tequesquitengo 
(Figure 1). These data were corrected for the IGRF 
again using the IGRF11 model for the Earth´s 
ockp" Ýgnf" cpf" vjg" jkij" htgswgpe{" eqorqpgpvu"
qh"vjg"Vgqnq{wecp"fcvc"ygtg"tgoqxgf"d{"Ývvkpi"c"
polynomial (magnetic value as a function of time) 
to the data. The resulting values are assumed to 
represent the low frequency diurnal variations at 
the survey area. Each measured value was then 
corrected using the polynomial value corresponding 
to the time of the measurement. A contour map of 
vjg"vqvcn"Ýgnf"xcnwgu"eqttgevgf"hqt"dqvj"vjg"KITH"
and diurnal variations is presented in Figure 9c.

Eqttgevkqp"hqt"UjkrŁu"Jgcfkpi

The procedure used herein to make the heading 
corrections is based on the mis-tie correction 
algorithm of Bandy gv" cn0" *3;;2+." oqfkÝgf" uq"
that it could be applied to grids (Bandy gv" cn0, 
manuscript in preparation). The procedure is 
as follows. The survey is separated into two 
groups of lines, all lines in each group having 
roughly the same overall heading, and hence 
the same heading error. The two data groups 

are gridded separately using the exact same 
itkf"urgekÝecvkqpu"hqt"dqvj"itkfu."cpf"vjg"ogcp"
difference between the two grids is determined. 
The heading corrections are then applied by 
adding one half of the mean difference to the 
data of one of the group and subtracting one half 
of the mean difference from the data of the other 
group (similar to equations 15a and 15b of Bandy 
gv"cn0. 1990). The corrected data of the 2 groups 
are then re-combined and the entire data set 
ku"itkffgf0"C"eqpvqwt"ocr"qh"vjg"Ýpcn"ocipgvke"
anomalies (i.e. after correcting the raw data for 
vjg"GctvjŁu"ockp"Ýgnf."fkwtpcn"Þwevwcvkqpu"cpf"
ship´s heading) is presented in Figure 10. The 
area marked by the rectangle is the area where 
the principle cultural remains, such as the church, 
have been found and mapped during previous 
dive surveys. The area enclosed by the circle is 
interpreted from the magnetic characteristics 
to be the area most likely to contain additional 
cultural artifacts. It is interesting to note (Figures 
9 and 10) that the magnetic signature of this 
¦qpg" jcu" dggp" rtqitguukxgn{" enctkÝgf" cv" gcej"
step of the reduction of the raw data to anomaly 
values as is expected if the signature is due to 
real sources.

Figure 10."Eqpvqwt"ocr"qh"vjg"Ýpcn"ocipgvke"cpqocnkgu"*k0g0"chvgt"eqttgevkpi"vjg"tcy"fcvc"hqt"vjg"GctvjŁu"ockp"Ýgnf."
fkwtpcn"Þwevwcvkqpu"cpf"ujkrŁu"jgcfkpi+0"Vjg"tgevcping"fgnkpgcvgu"vjg"ctgc"ocrrgf"d{"rtgxkqwu"fkxg"uwtxg{u0"Vjg"

area enclosed by the dashed circle is the area that we propose to contain cultural remains.
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Figure 11. Filter panels of the results 
of the application of eight different band 
rcuu" Ýnvgtu" vq" vjg"ocipgvke" cpqocn{"
ocr"knnwuvtcvgf"kp"Hkiwtg"320"Vjg"Ýtuv"qh"
the two numbers at the top of each panel 
is the shortest wavelength (in meters) 
present in the panel.  The second of the 
two numbers at the top of each panel 
is the longest wavelength (in meters) 
present in the panel. For reference, the 
location of the church tower (471940m 
E, 2057160m N) is marked by the small, 
black squares. The three magnetic zones 
surrounding the church are illustrated in 

panel II. See text for more details. 
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Figure 12. Newly constructed bathymetric map of the survey area. A) Contour representation. B) 3-D surface 
representation. Note the small high to the west where the remains of the church are located.
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Htgswgpe{"Hknvgtkpi

Ycxgngpivj"Ýnvgtkpi"ycu"crrnkgf"vq"vjg"itkffgf"
data which was used to produce the map shown 
in Figure 10 to better isolate those anomalies 
associated with the remains of the town. The 
spacing between grid nodes was in all cases 15 
meters to coincide with the spacing between 
survey lines. Thus, the minimum resolvable 
component wavelength is 30 meters. Filtering was 
accomplished using the program FFTFIL which 
is included in the Potential-Field geophysical 
software version 2.0 obtained from the United 
States Geological Survey (Hildenbrand, 1983; 
Cordell gv"cn0, 1992).

Figure 11 illustrates the application of eight 
fkhhgtgpv"vtcrg¦qkfcn."dcpf"rcuu"Ýnvgtu0"Vjg"vyq"
numbers at the top of each panel are the limits 
of the wavelengths which are entirely removed 
d{"vjg"Ýnvgt0"Kp"cnn"Ýnvgtu."c"7"ogvgt"nkpgct"tcor"
jcu"dggp"crrnkgf"cv"gcej"gpf"qh"vjg"Ýnvgt0"Vjwu."
hqt"gzcorng."kp"vjg"Ýnvgt"wugf"vq"rtqfweg"Rcpgn"
IV wavelengths between 40 and 45 meters were 
passed with no reduction of amplitude, and 
frequencies less than 35 meters and greater 
than 50 meters were completely removed. Also 
shown in the panels is the location of the church 
vqygt"*Ýnngf"uswctg+"hqt"tghgtgpeg0

Bathymetry and side scan sonar images of 
the site

Single beam echo-sounder bathymetric data and 
side scan sonar images were collected concurrent 
with the magnetic data using the Kongsberg EA-
600 echo sounder including its side scan option. 
The bathymetric contour map and surface relief 
illustration of these data are presented in Figures 
12a and 12b, respectively. Water depths range 
from 10 meters in the eastern and western 
margins of the southern part of the survey area 
to 18.5 meters to the north. A small bathymetric 
high (values reaching up to -13m) is present 
between the -13.5m and -14m contours in the 
left-central part of the map, with the bathymetric 
expression of the church easily noted at UTM 
2057160m N, 471940m E. The bell tower of the 
church and several other large structures are also 
clearly imaged on the bathymetry and sidescan 
records (Figure 13). The sidescan images were 
featureless in the deeper parts (>10 m) of the 
survey area, even in areas where we knew that 
c"72"icnnqp"dcttgn"ycu"rtgugpv"qp"vjg"ncmg"Þqqt0"
This result is puzzling as the sidescan images in 
the shallow water areas clearly imaged channel 
ewvu" cpf" fkhhgtgpegu" kp" tgÞgevkxkv{" qh" vjg" ncmg"
Þqqt0"Ikxgp"vjg"iqqf"kocigu"qh"vjg"ncmg"Þqqt"kp"
shallow water and the good images of the bell 
tower, we conclude that the system was working 
and we suspect that the poor images in deeper 

ycvgt"oc{"dg"fwg"vq"c"uvtqpi"uvtcvkÝecvkqp"qh"vjg"
water column which prevented the sound from 
reaching the bottom. Alternatively, there may be 
a thick layer of mud or suspended sediments in 
the deeper parts of the lake which, given the high 
frequency (200 kHz) of the sidescan transducers, 
may be masking the barrel and other objects on 
vjg"ncmg"Þqqt0

Results and Discussion

The major cultural remains (church, Presbytery 
and the remains located north of the Presbytery) 
determined by the previous dive surveys covers 
an area of about 65 m in the north-south direction 
and 20 meters in the east-west direction, a total 

Figure 13. EA600 bathymetry profile (top) and 
associated side-scan sonar image (bottom) of the 
remains of the church. Note: the church tower on both 
rtqÝngu" ku" cnkipgf0" Vjg" ejwtej" vqygt" ku" vjg" jkijguv"
uvtwevwtg"gzvgpfkpi"htqo"vjg"ncmg"Þqqt"qp"vjg"nghv"ukfg"

of both images.
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area of 1300 m2. To compare the magnetic 
anomalies with the cultural remains, this area is 
superimposed on the bathymetry and magnetic 
anomaly contours (Figure 14). Most notable 
is that the magnetic anomalies are markedly 
different in the area immediately north and east 
of the church, towards the deeper part of the 
survey area, than those observed in the rest of the 
uwtxg{"ctgc0"UrgekÝecnn{."kp"vjg"ctgc"koogfkcvgn{"
north and east of the church, the anomaly 
pattern consists of low-amplitude, short-period 
anomalies forming a “checkerboard” pattern. In 
marked contrast, no short period anomalies are 
observed in the eastern half of the survey area 
farther away from the church. Instead, that area 
contains only a few, very high amplitude (-180 to 
160 nT), longer wavelength anomalies. [Concerning 
the very high amplitude anomaly located in the NE 
corner of the survey, given its very large amplitude 
and its location adjacent to a hotel that was 
in the process of being renovated at the time 
that the survey was conducted, we conclude that 
this anomaly most likely is not associated with 
artifacts of the submerged town. Consequently, 
this anomaly is not considered further in this 
paper.] South of the church some low amplitude, 
short period anomaly are observed but they do 
not form a checkerboard pattern. Immediately 
west of the church no short period anomalies 

are observed. This spatial distribution of the 
magnetic anomalies suggests that the remains 
qh" vjg" ugvvngogpv" ygtg" eqpÝpgf"ockpn{" vq" vjg"
area east of the church where the checkerboard 
pattern of anomalies is observed. 

The above inference that the remains of the 
vqyp"ctg"eqpÝpgf"vq"vjg"ctgc"gcuv"qh"vjg"ejwtej"
is somewhat unexpected as settlements of this 
period commonly surrounded the church. To 
check the validity of this inference, the magnetic 
cpqocn{" ocr" ycu" dcpf" rcuu" Ýnvgtgf" cv" gkijv"
different frequency bands (Figure 11). Based on 
the spatial distribution of the various wavelength 
components (and their amplitudes) comprising 
the magnetic anomalies, we delineate three 
distinct zones in the vicinity of the church. These 
zones are outlined in Panel II of Figure 11.

Vjg" Ýtuv" ¦qpg." ¥qpg" 3." eqttgurqpfu" vq" vjg"
area of the “checkerboard” magnetic anomaly 
rcvvgtp0" Kv" ku" dguv" fgÝpgf" kp" Rcpgn" K." cnvjqwij"
vjg" cpqocnkgu" kp" ¥qpg" 3" jcxg" ycxgngpivj"
components in the 30 to 45 meter band (Panels 
I, II and III). Panel I indicates that the church is 
located on the western margin of this zone and 
that the zone extends approximately 120 meters 
east of the church, and roughly 70 meters north 
and south of the latitude of the church. Thus, this 

Figure 14. Filled magnetic contour map with bathymetric contours (white lines) superimposed. Small black box is the 
area (20m x 20m) of the remains of the church. Red box (45m x 20m) is the area of the remains of the Presbytery 
and the remains just to the north mapped by Virginia Urbieta. Big yellow box is the over-all area mapped during the 

two dive surveys. 
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zone covers an area of roughly 16,800 m2. The 
amplitudes of the wavelength components in this 
zone are the highest of the three zones, so much 
so that these anomalies are readily apparent 
qp" vjg" wpÝnvgtgf" fcvc" *Hkiwtg" 32+0" Cornkvwfgu"
within the 20 to 35m, 25 to 40m and 30 to 45m 
band are -15 to 10nT, -20 to 15 nT and -10 to 
5 nT, respectively. It is clear that these short 
wavelengths appear nowhere else in the survey 
area except in the area adjacent to the church. 
This strongly suggests that these anomalies can 
be attributed to the remains of the town. 

Vjg" ugeqpf" ¦qpg." ¥qpg" 4." nkgu" pqtvjyguv" qh"
the church. Here, the component wavelengths 
of the anomalies are somewhat longer at the 
nqy"gpf"qh"vjg"urgevtwo"vjcp"vjqug"qh"¥qpg"3."
lying in the 35 and 45 meter band (Panels II 
cpf"KKK+0"¥qpg"4"cnuq"fkhhgtu"htqo"¥qpg"3"kp"vjcv"
the amplitudes of the wavelength components 
ctg"nguu0"UrgekÝecnn{."ykvjkp"vjg"47"vq"62o"cpf"
30 to 45m bands the observed amplitudes are 
-10 to 10nT and -5 to 5nT, respectively. There is 
also a smaller area much further to the south at 
2057000m N, 471900m E which exhibits similar 
component wavelengths, but with very low 
amplitudes (-5 to 5nT). 

Vjg"vjktf"¦qpg."¥qpg"5."ku"nqecvgf"koogfkcvgn{"
SW of the church. Here, the component 
ycxgngpivju"ctg"ukipkÝecpvn{"nqpigt."n{kpi"kp"vjg"

45 and 60 meter band (Panels IV, V and VI), 
than those observed in the other two areas. The 
amplitudes of the component wavelengths are 
also quite low, ranging from -5 to 5 nT.

Panel VII illustrates that there is no energy 
in all three zones for component wavelengths of 
between 50 and 65 meters. Panel VIII illustrates 
the long wavelength components (>60 meters) 
which are most likely related to the local geology 
and not to the remains of the town.

From the above analysis, we conclude that 
anomalies with wavelengths of between 30 and 
67"ogvgtu" hqwpf" kp" ¥qpgu" 3" cpf"4"oquv" nkmgn{"
tgÞgev" vjg" rtgugpeg" qh" ewnvwtcn" tgockpu0" Vjg"
anomalies with wavelengths between 45 to 60 
ogvgtu"qdugtxgf"kp"¥qpg"5"oc{"cnuq"tgÞgev"vjg"
presence of cultural remains; however, this is 
not entirely clear as we cannot relate such long 
wavelengths to any structure previously observed 
in the past dive investigations. However, it is 
quite possible that many more artifacts may be 
buried beneath the lake sediments.

For the sake of discussion, the major cultural 
remains mapped during the dive surveys are 
uwrgtkorqugf"qp"vjg"dcpf"rcuu"Ýnvgtgf"*52"vq"67"
m band) magnetic anomaly map (Figure 15). In 
eqpvtcuv"vq"yjcv"ycu"kphgttgf"htqo"vjg"wpÝnvgtgf"
ocipgvke" cpqocn{"ocr." vjg" dcpf"rcuu" Ýnvgtgf"

Figure 15. Oclqt"ewnvwtcn"tgockpu"ocrrgf"fwtkpi"vjg"fkxg"uwtxg{u"uwrgtkorqugf"qp"vjg"dcpf"rcuu"Ýnvgtgf"ocipgvke"
cpqocn{"ocr."vjg"eqtpgt"htgswgpekgu"qh"vjg"Ýnvgt"dgkpi"42."47."62."67"ogvgtu"*k0g0"eqodkpcvkqp"qh"rcpgnu"K."KK."cpf"

III, Figure 11) box is the over-all area mapped during the two dive surveys. 
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map now shows that the anomalies are more 
or less centered about the church, as is more 
common for settlements of this period. 

The church and the “Casa del Cura” are associated 
with anomalies roughly corresponding to their size. 
The amplitudes of these anomalies range from -15 
to 15 nT. In general, the area within the dive site 
south and southwest of the church (corresponding 
to the cemetery, Figure 4) contains less anomalies 
than the area north of the church within the dive 
site. This is consistent with the amount of cultural 
remains found during the dives.

Of obvious interest to the underwater 
archaeologists working this site is the best 
location for future dives. Given the amplitudes 
of the anomalies illustrated in Figure 15 we 
propose that the area due east of the church 
tower (at 2057175m N, 471985m E) and the 
area immediately SE of that point are most 
nkmgn{" vq" {kgnf" ukipkÝecpv" ewnvwtcn" tgockpu0" Vjg"
anomalies in that area contain the shortest 
wavelength components and highest amplitudes 
(-25 to 20nT) of all of the areas adjacent to the 
church. The area NW of the church would be our 
second choice for a dive site as anomalies in that 
area still contains short wavelength components, 
although at lower amplitudes. The area SW of 
the church is also interesting as a dive site as 
this area contains wavelengths longer than 40 
meters and we are at a loss to explain the source 
of these anomalies. 

Conclusions

The main conclusions of this study are:

30" Vjg" wpÝnvgtgf" ocipgvke" cpqocn{" ocr"
constructed from the results of the new 
marine geophysical survey indicates that 
in the area immediately north and east of 
vjg"ejwtej"*¥qpg"3+"vjg"vqvcn"Ýgnf"ocipgvke"
anomaly pattern consists of low-amplitude 
(< 25 nT), short-period anomalies forming 
a “checkerboard” pattern. In marked 
contrast, no similar anomaly pattern 
is observed in the eastern half of the 
survey area farther away from the church. 
Thus, we conclude that the checkerboard 
cpqocn{" rcvvgtp" ukipkÝgu" vjcv" vjku" ctgc"
contains many cultural remains.

2. The spectral analysis of the magnetic 
anomaly map reveals three areas around 
the church in which the character of the 
component wavelengths are distinct. 

3. The analysis of the spatial wavelength 
components of the new magnetic anomaly 
map also reveals a checkerboard pattern 
east of the church: this area contains 

anomalies with the shortest component 
wavelengths and the highest amplitudes 
(up to 25 nT). In addition, the analysis 
reveals that nearly the entire area 
surrounding the church contains anomalies 
with short wavelengths components. 
However, the amplitudes of the component 
wavelength are much smaller west of the 
ejwtej"*¥qpgu"4"cpf"5+"vjcp"vq"vjg"gcuv"qh"
vjg"ejwtej"*¥qpg"3+="eqpugswgpvn{."vjgug"
anomalies are not readily apparent in the 
wpÝnvgtgf"ocipgvke" cpqocn{" ocr0" Vjwu."
we conclude that the church was centrally 
located in the settlement as is common for 
that period.

4. The results suggest that the previous dive 
surveys covered only a small part of the 
total area containing cultural artifacts, and 
that many more artifacts remain to be 
discovered.

5. We recommend that future dive surveys 
hqewu"Ýtuv"qp"vjg"ctgc"qh"vjg"ejgemgtdqctf"
anomaly pattern located east of the church 
as this area appears from the magnetic 
data to have the greatest potential for 
discovering more archaeological remains. 
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