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Sammanfattning 
 
Detta examensarbete är baserat på fältdata som insamlats på Isla de Ometepe och i León 
Viejo, Nicaragua. Projektet är sponsrat av Styrelsen för Internationellt Utvecklingsarbete och 
har utförts som en MFS.  
 
Lämningar från mänsklig aktivitet har hittats i Nicaragua som är åtminstone 7000 år gamla. 
Många historiskt viktiga platser är dock fortfarande relativt outforskade, vilket leder fram till 
syftet med detta arbete; att utöka kunskapen om två historiskt signifikanta platser i Nicaragua 
med hjälp av den geofysiska metoden Ground Penetrating Radar (GPR). Den första platsen 
som undersöktes är belägen på vulkanen Maderas slutningar på Isla de Ometepe. Ön har varit 
en mötes- och handelsplats under en period med början för ca 2000 år sedan. Arkeologer har 
hittat områden där man tror att tidigare boplatser funnits och målet med studien är att försöka 
bestämma mer exakt vart dessa boplatser funnits. Den andra platsen som undersökts är 
belägen vid den gamla koloniala huvudstaden León Viejo, en stad som begravdes efter ett 
vulkanutbrott 1610. Staden är nu återupptäckt och många av de gamla byggnaderna har redan 
lokaliserats och identifierats. Arkeologer anser dock att det finns fler byggnader att upptäcka 
och att staden har fler hemligheter att avslöja; målet med undersökningarna i León Viejo är 
därför att försöka hitta intressanta objekt i områden som tidigare inte undersökts närmare. Den 
fältmetod som använts i detta projekt är GPR, en geofysisk metod som utnyttjar 
elektromagnetiska vågor för att undersöka marken på ett ickeförstörande sätt. Metoden 
baseras på att jorden har olika fysikaliska egenskaper, vilket resulterar i reflektioner av de 
utsända radarvågorna som kan mätas och analyseras.  
 
Mätningarna som utfördes på Isla de Ometepe gav inga intressanta resultat, i huvudsak 
beroende på ogynnsamma förhållanden med jord med hög konduktivitet. Detta gav ett 
nedträngningsdjup som generellt var mindre än en meter och inom detta djup kunde inga 
intressanta objekt eller reflektioner identifieras. I León Viejo var förhållandena mer 
gynnsamma med ett nedträngningsdjup av ca fem meter. För en del av området upprättades en 
3-D modell och övriga delar utvärderades med hjälp av visuell jämförelse. I huvudsak två 
områden uppvisade intressanta reflektioner. Det är svårt att säkert avgöra vad dessa 
reflektioner orsakas av, men det skulle kunna röra sig om husgrunder eller andra objekt som 
har samband med koloniala byggnader. För Isla de Ometepe har slutsatsen dragits att GPR 
inte är en fungerande metod då en 250 MHz antenn används. Det kan dock vara möjligt att nå 
bättre resultat med en annan antenn eller med en annan geofysisk metod.  I León Viejo har 
GPR visat sig vara en väl fungerande metod och de resultat som uppnåtts kan förhoppningsvis 
vara till god hjälp vid en kommande utgrävning i de undersökta områdena. Kompletterande 
undersökningar för att bekräfta resultaten i denna studie kan dock rekommenderas.  
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Abstract 
 
This Master of Science thesis is based on data collected in Isla de Ometepe and León Viejo, 
Nicaragua. The project has been supported by the Swedish International Development and 
cooperation Agency and has been executed as a MFS.  
 
Nicaragua is a country with a known history of human activity of at least 7000 years. Many 
historic facts and sites still remain unknown and unexplored, which lead up to the purpose of 
this work; to try to increase the knowledge about two historically important places in 
Nicaragua using a geophysical method called Ground Penetrating Radar (GPR). The first site 
that was investigated is located on the slopes of the Maderas volcano on Isla de Ometepe. The 
island used to be a meeting place for Indian cultures and a central location for trade in the 
region from around 2000 years ago. The interest for this site has been to locate eventual 
building foundations in areas where previous villages are believed to have been located. The 
second site to be investigated was the area around León Viejo, an early colonial capital of the 
Spanish empire that was destroyed by a volcano eruption in 1610. The area has previously 
been investigated and many buildings have already been located, however it is believed that 
many buildings still remain unknown and that much more information can be found about this 
colonial settlement. The purpose of the study in León Viejo was therefore to explore areas of 
interest to locate eventual new findings. GPR is a geophysical method that uses 
electromagnetic waves to investigate the ground in a non-destructive way. The method relies 
on different physical properties of the ground, which results in reflections of the radar waves 
that can be measured.  
 
The measurements on Isla de Ometepe turned out to be unsuccessful, mainly due to 
unfavourable ground conditions with highly conductive soil. The maximum penetration dept 
was no more than one meter and no significant objects or reflections of interest were located. 
In León Viejo the conditions turned out to be more favourable with a maximum penetration 
dept of about five meters. Both a 3D-model and visual comparison was made for the different 
sub-areas and signs of interesting reflections were found in mainly two areas. It is hard to 
know exactly what objects in the ground that has caused the interesting reflections, but some 
might be foundations of buildings or other objects related to colonial buildings. It can be 
concluded that on Isla de Ometepe the GPR method was not applicable with a 250 MHz 
antenna. It might be possible to reach better results on the same site with a different antenna 
or with another geophysical method. In León Viejo the GPR method have proved to be 
working well. The results from this study in León Viejo will add useful information for a 
coming excavation in the covered areas. A complementary study with one or several other 
geophysical methods might be advisable to confirm the results from this study. 
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Resumen 
 
Esta tesis de maestría en ciencias está basada en datos recabados en Isla de Ometepe y en 
Leon Viejo, Nicaragua. El proyecto ha sido apoyado por la Agencia Sueca de Desarrollo y 
cooperación Internacional y ha sido ejecutada como un MFS.  
 
Nicaragua es un país con actividad humana reconocida desde al menos 7000 años atrás. 
Muchos datos y sitios históricos siguen siendo desconocidos y sin ser excavados, lo que llevó 
al propósito de este trabajo; tratar de llegar a un mayor conocimiento de sobre dos lugares 
históricamente importantes en Nicaragua mediante el uso de un método geofísico conocido 
como GPR (siglas en Inglés de Radar de Penetración Subterránea). El primer sitio investigado 
está localizado en las laderas del Volcán Maderas en Isla de Ometepe. Dicha isla fue un lugar 
de reunión de diversas culturas indígenas y una plaza central del comercio en la región desde 
hace cerca de 2000 años. EL interés en este sitio había sido eventualmente localizar las bases 
de construcciones en áreas donde se cree hayan estado antiguas aldeas. EL segundo sitio 
investigado fue el área alrededor de León Viejo, una antigua capital colonial del imperio 
Español que fue destruida por un erupción volcánica en 1610, el área ha sido previamente 
investigada y muchas construcciones ya han sido localizadas, sin embargo se cree que muchas  
construcciones aun están sin reconocer y que se puede encontrar mucha mas información 
acerca de este asentamiento colonial. El propósito del estudio en León Viejo era por lo tanto 
explorar áreas de interés y eventualmente localizar nuevos descubrimientos. El método usado 
en el proyecto es GPR, un método geofísico que usa ondas electromagnéticas para investigar 
el suelo de forma no destructiva. El método se basa en diferentes propiedades del suelo que 
resultan en reflejos de las ondas de radar, los cuales pueden ser medidos. 
 
Las mediciones hechas en Isla de Ometepe resultaron infructuosas principalmente debido a 
las condiciones desfavorables del suelo que tiene propiedades de alta conductividad. La 
profundidad de penetración máxima fue de solo 1 metro y no se encontraron objetos 
significativos o reflejos interesantes.  En León Viejo las condiciones fueron mas favorables 
con una profundidad máxima de penetración de alrededor de 5 mts. Se realizaron tanto un 
modelo tridimensional como una comparación visual para las diferentes sub-áreas y se 
encontraron reflejos interesantes mayoritariamente en dos áreas. Es difícil saber con exactitud 
que objetos en el sub-suelo causaron estos reflejos pero algunos de ellos podrían ser bases de 
construcciones u otros objetos relacionados con construcciones coloniales. Se puede concluir 
que en Isla de Ometepe, el método GPR no era aplicable con una antena de 250 MHz. Es 
posible que se logren mejores resultados en este lugar con una antena diferente o con otro 
método geofísico. En León Viejo el método PGR probó trabajar bien. Los resultados de este 
estudio en León Viejo pueden servir de útil información para futuras excavaciones en las 
áreas estudiada. Se recomienda un estudio complementario con uno o varios métodos 
geofísicos para confirmar los resultados de este estudio. 
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Acronyms 
 
AMSL Above Mean Sea Level.  
 
CIGEO Centro de Investigaciones Geoscientificas, the Geoscientific 

Research Centre in Managua. 
 
FSLN Frente Sandinista de Liberación Nacional, Sandinista National 

Liberation Front, usually only called ”Sandinistas”. 
 
GLONASS GLObalnaya NAvigatsionnaya Sputnikovaya Sistema. A Russian 

satellite positioning system.  
 
GPR  Ground Penetrating Radar, a geophysical method using 

electromagnetic waves. 
 
GPS Global Positioning System.  
 
IMF International Monetary Fund.  
 
INETER Instituto Nicargüense de Estudios TERritoriales, Nicaraguan 

institute of Territorial Studies. 
 
INC Instituto Nicaragüense de Cultura.  
 
LTU Luleå Tekniska Universitet, Luleå University of Technology. 
 
Ma Mega-annum, 1 Ma is equal to one million (106) years. 
 
MARENA Ministry of the Environment and Natural Resources. 
 
MFS Minor Field Study. A scholarship provided by Sida to Swedish 

university students for making a field-study in a developing 
country.   

 
NAVSTAR NAVigation Satellite Time and Ranging. 
 
PLC Partido Liberal Contistucionalista, a center-right liberal alliance in 

Nicaragua. 
 
RAMAC Originally an acronym for “Random Access Method of 

Accounting and Control”, now being the product name of the GPR 
equipment made by Malå GeoScience.  

 
SIDA  Swedish International Development cooperation Agency. 
 
SINAP Sistema Nacional de Areas Protegidas, National System of 

Protected Areas. 
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UNAN Universidad Nacional Autónoma de Nicaragua, the Autonomous 
University of Nicaragua. 

 
UNDP United Nations Development Programme.  
 
UNO Unión Nacional Opositora, an opposition coalition against the 

Sandinistas. 
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1. Introduction 
 

1.1 Background 
 
Nicaragua has been permanently inhabited for at least 7000 years, originally by Indian tribes 
who developed into complex cultures. In the 16th century the Spaniards started concurring 
Central and South America and Nicaragua became a Spanish colony where the native Indian 
culture became more and more integrated into the European way of life. Today Nicaragua is 
the poorest country of Central America, it is therefore of importance to find new sources of 
employment and income. One way to do this is to develop the historical potential of the 
country to attract tourists to come to Nicaragua. In this project, work is executed in two sites 
of historic interest. 
 
Isla de Ometepe is a volcanic Island in Lake Nicaragua. The island is known for its many 
prehistoric findings, especially its petroglyphs, which are remnants of cultures that lived here 
around 2000 years ago. Archaeologists have found several locations with a concentrated 
amount of objects and signs of permanent villages have also been found. To gain more 
information about the exact locations of these villages and to increase the knowledge about 
the prehistoric peoples who once lived on Isla de Ometepe a geophysical study using GPR is 
proposed.   
 
León Viejo, at the foot of the Momotombo volcano, was found in 1524. Less than 100 years 
later, in 1610, the city was destroyed and abandoned after a violent earthquake and an 
eruption by the Momotombo volcano. Today the city has been rediscovered, but even if a lot 
of the old buildings and their purpose have been determined, archaeologists believe the area 
still has a lot of interesting things to reveal. Geophysical studies, including GPR, have been 
used in León Viejo in earlier studies with good results. Further investigations with the use of 
GPR are therefore of interest to try and discover new building foundations or other objects of 
interest in the area.  
 

1.2 Objective 
 
In this project the GPR method is tested at two archaeological sites to try to get a better 
understanding of these areas. The project also aims at spreading knowledge about the GPR 
technology, which is rarely used in Nicaragua, and help in establishing a better understanding 
of Nicaragua’s past, which is an important issue for any people in the world; to know our 
history and to know where we come from. 
 
The project on Isla de Ometepe aims at finding remnants of house foundations or other 
structural foundations from a prehistoric Indian culture. These foundations are believed to be 
concentrated to certain areas and archaeologists hope to create a more complete picture of the 
locations of previous villages. The project in León Viejo aims at finding the location of parts 
of the old city for guiding coming excavations in the area. Some parts of León Viejo have 
already been excavated, but to continue the excavations in a larger part of the city a more 
detailed picture of where previous buildings have stood are of interest.  
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1.3 Delimitations 
 
On Isla de Ometepe the survey area has been limited to one out of several areas of interest; 
this is to give a picture of the feasibility of the GPR method in general on the island. In León 
Viejo the surveys are focused on areas where previous knowledge is limited or where it is 
believed that unknown structures may be found. Because of time and money restraints only 
one geophysical method, GPR, has been used in this study. Further on, only one antenna 
frequency (250 MHz) has been used in the surveys since the amount of equipment that was 
possible to bring to Nicaragua was limited.  
 
For the profiles along which the measurements were performed no topographic adaptation has 
been made. One reasons for this is that the investigated areas are fairy flat and since no exact 
knowledge of the depths to the targets have been of interest, coordinates in the plane have 
been considered enough information.  
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2. Nicaragua and the survey sites 
 

2.1 Nicaragua 
 

2.1.1 Geography and Environment 
Nicaragua with its area of 129 494 km2, though only a third of the size of Sweden, is the 
largest country in Central America, figure 2.1. It is bordered in the south by Costa Rica and in 
the north by Honduras. Nicaragua has two coastlines; the Caribbean Sea to the east and to the 
west lays the Pacific Ocean. The country has three distinct geographical regions, the Pacific 
lowlands, the north-central highlands and the Caribbean lowlands. The pacific lowlands and 
coastal region is a broad, flat and fertile lowland. The fertility comes from the volcanic soil 
originating from the 11 major volcanoes that separates the Pacific lowlands from the north-
central highlands. This region has a very hot climate with distinct wet and dry seasons. The 
region also holds three mayor cities, Managua, León and Granada and also most of 
Nicaragua’s population. (St Luis et al, 2004) 
 
Compared to the Pacific lowlands the North central highlands have a cooler climate and the 
land is more mountainous. The fertility here is as good as on the Pacific lowlands and 25 % of 
the country’s agriculture is centred here. This region is less densely populated though it holds 
several major towns, for example Estelí and Matagalpa. The highest peak in Nicaragua, Pico 
Mogotón (2438 m), is also found here. (St Luis et al, 2004) 
 
The third and largest region, the Caribbean region, occupies half of Nicaragua’s area. The 
Caribbean region, also referred to as the Mosquito Coast, is the widest lowland region in 
Central America, it is not as hot as the Pacific region and it gets an immense amount of 
rainfall. The region is sparsely populated and the land is covered by tropical rainforest. The 
two largest towns in the region are both coastal ports, Puerto Cabezas and Bluefields. (St Luis 
et al, 2004) 
 
In Central America, Nicaragua has the highest amount of forest coverage and the lowest 
population density. This combination makes it the most biologically diverse region in the 
Americas. According to MARENA, Nicaragua hosts over 1400 animal species and some 
12 000 varieties of plants. With this in mind the government has assigned 17 % of 
Nicaragua’s total area to a national system of protected areas, SINAP, to be protected as 
nature reserves or national parks. Unfortunately such a protection remains mostly on paper as 
few reserves are actively managed and less than a third have any kind of supervision at all. (St 
Luis et al, 2004)  
 
Like other countries in Central America, Nicaragua have grave environmental problems. One 
of the most severe problems is erosion due to high rate of deforestation (around 150 000 
hectares/year). The consequent erosion in its turn causes contamination of and sometimes 
elimination of water sources in the affected areas. The overuse of pesticides in farming also 
cause severe problems, both in ground water and thus ultimately in the food chain. (St Luis et 
al, 2004)   
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Figure 2.1. Map of Nicaragua with the location of Isla de Ometepe and León Viejo marked indicated by 
arrows, (University of Texas Libraries, 2007). 

2.1.2 The Nicaraguans 
Nicaraguans are a very proud people. They are quite vocal and love to debate. As in many 
other Central American countries the family plays an essential role in Nicaragua. Families 
live in quite large households, sometimes consisting of up to four generations. (St Luis et al, 
2004)  
 
The people of Nicaragua consist mainly of Mestizos, around 76 % of the total population. The 
Mestizos are a people with a mixed Spanish and indigenous ancestry. People with Spanish 
and other European ancestry comprise 10 %, blacks 11 % and indigenous people 5 % (St Luis 
et al, 2004). The majority of the population of 5,6 million lives in the Pacific region and one 
fourth lives in and around Managua. In the eastern parts of Nicaragua, on the Caribbean side, 
lives only around 10 % of the population though the area covers almost half of Nicaragua. 
Many English-speaking blacks lives here. Tthey are the ancestors of slaves brought here from 
West India by the English in the 17th and 18th centuries. On the Caribbean side there also exist 
some small groups of indigenous people like the Miskito, Sumu and Rama, who still have 
their own language. (Daleke, 2006) 

León Viejo 

Isla de Ometepe 
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2.1.3 History 
It is believed that the first humans crossed the Bering straight about 40 000 years ago and 
started to migrate south towards Central and South America. The first known evidence of 
human activity in Central America is hunting tools found by archaeologists (Enrique and 
Mántica, 2006). It is believed that the first humans arrived in Nicaragua about 20 000 years 
ago. The early population probably consisted of nomadic hunters and gatherers and were 
concentrated to the Pacific coast. The population later settled and spread up to the Caribbean 
coast. The oldest evidence of these early settlements is stone carvings that are 6-7000 years 
old. About 2000 B.C. all of Central America was well populated by diverse peoples with 
separate cultures and languages (Vila, 1973). A people originating from today’s Colombia, 
called Chibcha, later took control of the Nicaraguan and Honduras part of Central America up 
towards the border of Mayan territory. The period of Chibcha influence started about 4000 
B.C. and ended around 700 A.D (Evans and Webster, 2001). Most of the later tribes in the 
area, such as the Sumos, Miskitos and Ramas are ancestors of the Chibcha tribe. (Eurletti, 
1977) 
 
Nicaragua with its central location with two large seas, both in the east and the west, made it a 
desired territory and many wars were fought over the control of the land (Vila, 1973). The 
central location also made it a melting pot for different cultures and ideas, and a commercial 
centre. The people living in prehistoric Nicaragua were greatly influenced by for instance the 
Toltecas, Olmecas and Mayans, who during different periods contributed to the development 
of the Nicaraguan population. During the 6th century the Mayan civilization started falling 
apart, which resulted in large migrations and tribal wars in Central America. (Eurletti, 1977) 
 
During the late 15th century European explorers started colonizing the Americas and 
Nicaragua was included into the Spanish empire in the 16th century. When the Spaniards 
arrived, Nicaragua was populated by different Indian tribes and the country is said to have got 
its name from an Indian ruler called Nicarao or Nicaragua. The population was divided into 
smaller chiefdoms with a long-term cultural stability (Evans and Webster, 2001). The western 
parts of Nicaragua were included in the Spanish colonial territory of Guatemala. This territory 
did not hold any great gold or silver resources and it was a quite neglected part of the Spanish 
empire. The people that had survived the war with the Spaniards and the plague of European 
diseases were enslaved and forced to work with coffee-production and cattle breeding. The 
provinces of Central America freed themselves from the Spanish empire in 1821 and in 1838 
Nicaragua declared its independency. The 19th century was characterized by a fight for power 
between the leading families in León and Granada, the ones in León calling themselves 
liberals and the ones in Granada conservatives. In 1909 Nicaragua was in a financial crisis 
and the US government intervened by sending military forces to assist and help the 
conservatives to power. With American support a few attempts for uprisings by the liberals 
were quelled by the conservatives during the 1920’s. The American troops were continually 
fought by a general from the liberal army, Augusto César Sandino. When the election 1933 
turned out in favour for the liberals the Americans withdrew from Nicaragua and Sandino 
signed a peace treaty with the newly elected liberal president. In 1936, the leader of 
Nicaragua’s national guard, Anastasio Somoza, ordered Sandino to be murdered and made 
himself president through a coup d’état. Under the leading of Somoza, Nicaragua had a time 
of stability, mostly depending on close relations with the US and the fact that all opposition 
was suppressed. During this time Somoza gained a great private wealth. The fact that most of 
Nicaragua’s economic growth went directly to the Somoza family resulted in that a series of 
opposition movements were formed during the 1950´s and 1960´s. In 1961 the resistance 
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movement FSLN was formed. The FSLN formed together with the conservative opposition a 
joint front against the Somoza and the FSLN or Sandinistas took the power in July 1979. The 
Sandinista movement was formed around a Marxist ideology and as soon as they took power 
all the Somoza family’s assets were expropriated. During the Sandinista time, all banks were 
nationalized, a huge agricultural reformation was realized and great efforts were put into 
education and medical services. (Daleke, 2006) 
 
In the early times after the Sandinista revolution the FSLN had support from the US but that 
support was lost when Ronald Reagan gained the presidency in 1981. Reagan and the USA 
were afraid that the Sandinistas would spread communism throughout the rest of Central 
America and thereby loose their political control. USA then gave their support to contras, a 
guerrilla army consisting of former Somoza supporters that had fled to Honduras when the 
FSLN took over in 1979. Contras started making raids in to Nicaragua at the same time as the 
FSLN started to loose their support from the provinces on the Atlantic coast. After a few 
years of fighting it was clear that the contras, though supported militarily by the US could not 
defeat the FSLN. The FSLN also changed their politics concerning the Indian tribes on the 
Atlantic coast and so gained more of their support. In 1987 the regions on the Atlantic coast 
were declared autonomous regions and the locals again gained control of their own land. 
(Daleke, 2006) 
 
Not only Nicaragua but also Guatemala and Honduras were at this time in a state of civil war 
and in 1987 the Esquipula-agreement was signed. This was the beginning of a peace process 
throughout Central America and in 1988 the contras signed an agreement of cease-fire with 
the Sandinistas. This first agreement had just a little effect and the war in Nicaragua did not 
end until a second agreement on cease-fire was signed in 1990. The consequences of the war 
was devastating; tens of thousands of people had lost their lives, the military expenses was as 
high as half the state budget and the trade embargo that the US had introduced 1985 meant 
high demands on the economy. (Daleke, 2006) 
 
In the election 1990 the Sandinista surprisingly lost to the UNO, a broad coalition of 14 
political parties opposing the Sandinista government. With the UNO forming a new 
government the US trade embargo was lifted and the contras ceased their fighting and turned 
in their weapons. UNO’s leader, Violeta Barrios de Chamorro, was chosen president. With 
help from IMF the new government implemented a program that caused economic restraints, 
increased unemployment and worsened living circumstances for the people. (Daleke, 2006) 
 
In 1996 the Nicaraguans voted again, this time the conservative party, the PLC, a centre-right 
liberal alliance with Arnoldo Alemán as candidate won the election. PLC’s and Alemán’s 
foremost pro-candidate was the Sandinista-leader Daniel Ortega. With the Alemán-
government in place a new IMF-funded program was issued. The programs main purpose was 
to cut down state expenses and decrease the public sector to increase economic growth. 
Several state-owned enterprises were privatized and the import taxes were decreased in order 
to liberalize trading. The economic politics that Alemán had conducted got foreign investors 
to gain trust in Nicaragua again and the economic growth started to gain momentum. The 
government also invested heavily in infrastructure. The economic growth was diminished 
when hurricane Mitch struck Nicaragua in October 1998. Around 3000 people lost their lives 
and almost half a million rendered homeless. Besides this Mitch also caused damage to 
infrastructure and agriculture. Nicaragua received lots of economic aid under the 
circumstance that a democratic transformation was to be realized. Though when the money 
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was received, Alemán denied the public society any insight in the reconstruction work. Later 
on the Alemán led government was to be accused of corruption. (Daleke, 2006) 
 
The ruling party PLC won the election held in 2001 and Enrique Bolaños was chosen as new 
president. Bolaños had been vice-president under Alemán and he had during the election 
promised that he would bring Alemán and his government to justice for the corruption that 
they were accused of. When Bolaños was chosen president he surprised many by realizing his 
promises and bringing Alemán to justice. Alemán was sentenced to prison for 20 years, he 
was found guilty of fraud, embezzlement and money laundering. The fact that Alemán after 
one year in prison is allowed to serve his sentence in house arrest at his luxurious ranch south 
of Managua is to many a proof of the still-existing corruption. (St Luis et al, 2004)  

2.1.4 Political system 
Nicaragua’s political constitution from 1987 has been reformed many times. According to the 
constitution the president has the executing power and is head of state, chief of government 
and commander-in-chief. The president is elected through public election for a period of five 
years. One person can not be elected president for two consecutive periods of mandate. To 
win the election for presidency one candidate must get at least 40% of all votes, unless the 
distance to the second candidate is more than five percent. If that is the case the least amount 
of votes needed is lowered to 35%. If the election does not turn out to any candidate’s favour, 
the election is settled in a second election round. (Daleke, 2006) 
 
 There are 92 members in the National Assembly, 70 seats distributed on county level, 20 
seats nationally; one mandate goes to the resigning president and one to the second candidate 
in the presidential election. Members are appointed by public votes and sit for five 
consecutive years. The National Assembly is the legislative assembly. The National 
Assembly has from 2007 the authority to remove a misbehaving president from his office and 
they have to approve the appointed president. From 2007 they will also be able to invalidate 
the president’s veto with single majority. (Daleke, 2006) 
  
The actors on the political scene in contemporary Nicaragua are the conservative PLC and the 
socialist party FSLN. These two big parties and former opponents closed a pact in 1999 to 
strengthen their own position as ruling parties and to eliminate the influence from smaller 
parties. This pact made the judicial system highly politicized and it has full control over the 
country’s highest court of justice. (Daleke, 2006)   
 
The Caribbean region is an autonomous part of Nicaragua and is divided in to two separate 
regions. Each region is governed by its own regional assembly whose members are elected for 
a period of four years. According to their constitution the authorities must respect the 
indigenous culture and languages as well as the natives control over the natural resources. 
These regulations are not really followed in practice. (Daleke, 2006) 

2.1.5 Contemporary Politics 
The period of office for the sitting president of Nicaragua, Enrique Bolaños, runs out in the 
end of 2006. The election campaign for regional elections to be held in March 2006 and for 
the Presidency and National Assembly in November 2006 started during 2005. The FSLN 
party declared at an early stage that Daniel Ortega was elected as their presidential candidate. 
When it comes to the PLC party Arnoldo Alemán’s influence remain high, even after his 
sentence. (Sida, 2005)  
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During the work with this project, in November 2006, the elections for presidency and 
National Assembly were held in Nicaragua. The FSLN won the election and thus Daniel 
Ortega was chosen president and will begin his period of mandate during January 2007. 

2.1.6 Employment and Social circumstances 
According to the UN 80% of Nicaraguans lived in poverty at the beginning of 2000 and as 
much as half in extreme poverty. They also stated that every third Nicaraguan suffered from 
malnourishment and that 20% lacked access to clean water. Among the poor, women and 
children living in rural regions are most affected. The health care is bad and the state hospitals 
suffer from lack of medicine and hospital equipment. (Daleke, 2006) 
 
The unemployment and underemployment remains a big problem in the country. Almost half 
of the population have only part time employments and according to the Central bank almost 
two thirds of all jobs were in the informative sector, such as street vendors and job’s without 
declaration of earnings. A list of socio-economic factors for Nicaragua from UNDP 2005 is 
presented in figure 2.2. (Daleke, 2006) 
 

 
Figure 2.2. Selected socio-economic indicators for Nicaragua, 2005 (SIDA, 2006). 

2.1.7 Infrastructure 
The road network has not been extended since the 1970’s though some of the larger roads 
have been improved. The amount of traffic in Nicaragua has seen a large increase. Only a few 
of all roads are paved and potholes are common. The longest road in the country is the Pan 
American Highway that runs from Honduras through Nicaragua to Costa Rica. (Daleke, 2006)  
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2.1.8 Geology of Nicaragua 
Nicaragua is a part of the Caribbean plate, situated between the South- and North American 
plates, Farallon, Cocos and Nazca plates. The Caribbean plate in turn consists of a number of 
smaller blocks and micro-plates, of these the northern part of Nicaragua belongs to the 
Chortis block and the southern part of the country to the Chorotega block, figure 2.3. 
Nicaragua has been subdivided into five different geological regions, the Pacific costal region, 
Central Nicaraguan Highland, the flat coast of the Atlantic, the Northern Region and the 
Nicaraguan Depression (Sequeira, 2005). The northern part of Nicaragua is characterised by 
metamorphic rocks of Palaeozoic age, while the southern part is dominated by volcanic rocks 
of Tertiary age, mainly the Matagalpa and Coyol groups. The western part of Nicaragua is 
dominated by sedimentary rocks of Tertiary to Cretaceous age and is separated from the rest 
of Nicaragua by the Nicaraguan Depression. A geological map of Nicaragua is presented in 
figure 2.4. As the Cocos plate subducts the Caribbean plate a characteristic chain of volcanoes 
is located in the western part of the depression. As a result of the present subduction zone 
seismic events, such as earthquakes, tsunamis and land-mass movements are common in the 
western part of Nicaragua. (Elming et al, 1998) 
 

 
Figure 2.3. Tectonic settings in Central America (Elming et al, 1998).  
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Figure 2.4. Geology of Nicaragua (Elming et al, 1998).   

2.1.9 Regional Geology of the Nicaraguan Depression 
The Nicaraguan Depression is stretching from the Gulf of Fonseca in the north-west across 
whole Nicaragua parallel to the Pacific Ocean down to the border of Costa Rica. It is a 
tectonically young structure, squeezed in between the Rivas anticline in the west and the 
central highlands to the east. The depression is characterised by thick deposits of pyroclastic 
rocks and alluvial material, originating from the surrounding structures of volcanic material 
such as lapilli, volcanic ashes and lavas. (Sequeira, 2005) 

2.1.10 Archaeology in Nicaragua 
The first known archaeological expedition in Nicaragua was done by E.G. Squier around 
1850-60. This was during the classificatory/descriptive period when the field of archaeology 
was developed in North America. Squier travelled widely in Central America and made 
descriptions of monuments, ruins and other findings. Squier in term made way for other 
archaeologists who have continued to explore Central America and Nicaragua. (Areellano et 
al, 1993) 
 
Today the goal of the archaeological work that is carried out in Nicaragua is to learn more 
about the history of the people. To understand the costumes, rituals, social life, forms of 
government, laws and the use of natural resources will make it possible to get a picture of an 
ancient landscape and to learn how these prehistoric societies lived (González, 2002). 
However many historically important sites have been destroyed by extensive looting, 
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construction, agriculture and wars. There is therefore a great need to gather data and establish 
chronologies to assess the role of interaction in the area of the Maya culture to the north and 
non-Mayan to the south. In general the archaeological work carried out in Nicaragua so far is 
concentrated to the lake areas and the pacific coast. Much of central Nicaragua and the 
Atlantic coast are still more or less unexplored in terms of archaeology. (Evans and Webster, 
2001)  
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2.2 Isla de Ometepe 
 
Isla de Ometepe belongs to the municipality of San Jorge in the department of Rivas. The 
island is situated in Lake Nicaragua and has 13 000 inhabitants and a size of 276 km2. Isla de 
Ometepe is a volcanic island built up of two volcanoes, Maderas and Concepción. 
Concepción is the highest one, reaching 1610 meters above sea level, and is still an active 
volcano, while Maderas is 1394 meters high and inactive (Gonzáles, 2002). Concepción have 
had several eruptions in modern time and was especially active between 1945 and 1960 (Vila, 
1973). In September 2006, just a few months before the fieldwork for this study was 
executed, Concepción had its most recent phase of activity with a series of minor explosions 
resulting in smaller amounts of gases and ashes being exhausted by the volcano (INETER, 
2006). 
 
The island has very steep slopes and few flat areas due to the volcanoes. On the Maderas side 
the inclination of the slopes generally varies between 5 and 30 percent; however the parts 
closest to the lake are fairly flat. A planar isthmus connects the two volcanoes creating an area 
that is used mainly for agricultural purposes. Several types of plantations can be found on the 
island, for instance corn, rice, coffee, tobacco and bananas. (Gonzalez, 2002) 

2.2.1 Dominating geological features in the Ometepe area 
Located in Lake Nicaragua, Isla de Ometepe is situated in the Nicaraguan Depression. The 
area of today’s Isla de Ometepe experienced a period of extensive geological activity that 
started in the Palaeozoic era and ended with intensive activity in the quaternary period when 
the Maderas and Concepción volcanoes were formed. The main rock type that is present on 
Isla de Ometepe is fine-grained, dark coloured basalt. (González, 2002) 
 
The soils on Isla de Ometepe consist mainly of volcanic, pluvial and fluvial sediments from 
the Holocene epoch. The volcanic activity on the island has made the lithology rather varying 
with soils like mollisols, vertisols, entisols and inceptisols. (Gonzalez, 2002) 
 
On Isla de Ometepe the erosive effect on soils and rocks are significant. In the tropical climate 
present, rain and wind are the major factors in this process. The stone carvings made by the 
Indians in basaltic rocks are in many cases blurry and clearly affected by weathering. The fact 
that the island with its two volcanoes has great differences in height and the deforestation in 
some areas of the island contributes to the weathering. (González, 2002) 

2.2.2 Archaeology on Isla de Ometepe 
Isla de Ometepe is often referred to as the island of circles and spirals, this is due to the fact 
that the two geometric shapes, circles and spirals, are common motives in the prehistoric art 
that is found here. Many of the objects found on Isla de Ometepe have no equivalents in other 
places in Nicaragua and are seen as the centre of prehistoric art in Nicaragua. There are three 
types of prehistoric artefacts in Nicaragua and on Isla de Ometepe, Stone tools, rock art and 
ceramics; all signs of a broad culture with religious rites, signs and symbols that are evidence 
of a unified civilization. (Eurletti, 1977) 
 
Isla de Ometepe is a very important place in Nicaragua in terms of archaeology. The first 
signs of inhabitants on the island, ceramic remnants, are from the Dinarte phase about 2000 
B.C. It is known that already at this time there was a well developed rafting or sailing 
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technology that made it possible for people to reach the island (Evans and Webster, 2001). 
The people who once lived here had access to diverse resources of food and other natural 
resources. The island in itself has a strategic position in Lake Nicaragua, which made it a 
natural meeting point where different cultures could meet and exchange ideas. The most 
famous type of ancient art that can be found on Ometepe are so called Petroglyphs; figures or 
drawings that have been carved into stone, figure 2.5. Archaeological discoveries of this kind 
have been made on Isla de Ometepe up to heights of about 600 meters above sea level. 
(Gonzáles, 2002) 
 

 
Figure 2.5. Petroglyph from the study area on Isla de Ometepe.  

2.2.3 Previous work  
The first archaeologists to do a major investigation and analysis of the findings on Isla de 
Ometepe were the German archaeologists Haberland and Schmidt. During the 1960’s they 
collected material on Isla de Ometepe and made an estimate of the age of the findings using 
radio-carbon dating. According to this method they found that the objects originated from a 
period between 200 to 500 A.D. (Areellano et al, 1993) 
 
González (2002) made a thorough investigation of the archaeological material that can be 
found at the surface in the area around the Volcano Maderas. He has made a system for 
classification and dating in relation to the origin of the findings. This system defines different 
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variables that make analysis and interpretation easier. During 1996 and 1997 fieldwork was 
carried out on 19 locations around the village of Balgüe and 372 different findings were 
discovered. The sites that have been examined by González have shown signs of several 
permanent settlements with in total over 20 possible structural elements identified at the 
surface. 

2.2.4 The survey area 
The area of the conducted GPR survey is located close to the Balgüe village on the northern 
slope of the Maderas volcano. The area is located about 500 m from the lake and dipping 
slightly towards the lake in a northern direction. Close to the survey area there is a farm that 
runs a banana and corn plantation which coincide with the major part of the investigation 
area. In the area several so-called monticles can be found and it is the concentration of 
monticles in this small area that makes it interesting. The monticles can be seen in the terrain 
as small hills that are 1 to 2 meters higher than the rest of the terrain. On these monticles 
many archaeological findings have been made and it is believed that eventual house 
foundations etc may be found between the different monticles, which is where the GPR 
survey is focused. The expected dept to these foundations is approximately 2 to 3 meters.  
 
The investigation area, proposed by archaeologist Rafael González at UNAN in Managua, 
was divided up into four sub-areas for the measurements, A, B, C and D, figure 2.6. A map in 
a correct scale together with GPS coordinates from the area can be found in appendix 5. 
 

- Area A is roughly 25 times 50 meters and contains a few larger banana plants and a 
thick ground-vegetation consisting of bushes and grass. Some larger stones are also 
present on the ground, making the surface somewhat uneven. The area is dipping 
slightly towards north. The area is limited to the east by a densely vegetated monticle 
and to the north and west by a fence, figure 2.7.  

- Area B is roughly 25 times 70 meters and contains a banana plantation. Almost no 
ground vegetation exists here, but several stones are present on the surface. The area is 
limited to the west and south by monticles and to the east and north by a fence, figure 
2.8. 

- Areas C and D are located north of area A and B and their size have not been defined 
exactly. Both these areas contains a dense plantation of corn and also some banana 
plants, which makes it impossible to perform a systematic GPR study with a 250 MHz 
antenna without damaging the crops, figure 2.9. 
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Figure 2.6. Map of the survey area at Isla de Ometepe.
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Figure 2.7. Study-area A, Isla de Ometepe.  

 
Figure 2.8. Study-area B, Isla de Ometepe. 
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Figure 2.9. Study-area C and D, Isla de Ometepe. 
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2.3 León Viejo 
 
León Viejo belongs to the León department and is located 30 km east of the modern city of 
León. León Viejo is situated at the foot of the Momotombo volcano, a volcano that eventually 
was the cause of the abandonment of the settlement. León Viejo was founded in 1524 by 
Lieutenant Francisco Hernándes de Córdoba and was the original capital of the Spanish 
colony in present Nicaragua. The city was the administrative centre of al Spanish activity in 
the area. The location was chosen because of the numerous indigenous populations living in 
the area that was used as labour when establishing the new capital (Evans and Webster, 2001). 
In 1610 the Momotombo volcano had a violent eruption and the combination of an adjacent 
earthquake and the ash fall from the volcano made the Spaniards move their capital to the 
location of today’s León. León Viejo fell into the hands of nature and was lost and forgotten 
until it was rediscovered by archaeologists from Universidad Nacional in 1967 near the 
village of Puerto Momotombo (St Luis, 2004). León Viejo is a unique city in its originality 
and richness of historical evidence that no other archaeological site in Central America has. 
Because of its historical value León Viejo has become classed as a world heritage site. 
(Sequeira, 2005) 

2.3.1 Dominating geological features in the León Viejo area 
Just like Isla de Ometepe, León Viejo belongs to the geological region of the Nicaraguan 
Depression. The rocks in the area are of Tertiary to Quaternary age, consisting mainly of 
material originating from volcanic activity such as ash-fall, pyroclastics and lava flows in 
relation to the forming of the Momotombo volcano. The Tertiary rocks are only encountered 
further down in the lithological sequence and are corresponding in appearance to the Coyol 
group with mafic lavas and effusive rocks with felsic alteration. On the surface volcanic rocks 
of quaternary age are dominating, such as alluvial sediments from Lago de Managua, lavas 
and other volcanic material from the surrounding volcanoes and other pyroclastic material. 
West of León Viejo there have been observations of lineaments that corresponds to the fault 
zones that passes by Cerro Coyotepe and Cerro La Montaña. (Sequeira, 2005)  
 
The soil stratigraphy in León Viejo generally follows a pattern with about 30 cm of recent 
organic soil at the surface. Under that follows a layer of white pumice intruded in a matrix of 
fine-grained soil of a thickness varying between 3 and 4 m. Below the pumice comes a dark 
grey alluvial soil with a thickness of up to 5 m. This soil has proved to be easy to dig out 
because of its limited cohesive strength. Below this layer follows a thinner layer of about 30 
cm with compacted tuff and then yet another layer of grey alluvial soil measuring about 60 
cm. Furthest down in the known soil stratigraphy is a highly altered, low cohesive, reddish 
coloured fossil soil with a thickness of about 5 m. (Sequeira, 2005) 

2.3.2 Previous work  
León Viejo has since it was rediscovered been an archaeological site, however there are still 
many questions to be answered. Some buildings, like the old churches and the Royal Foundry 
House have been discovered and their functions are well known. Archaeologists believe there 
are several more buildings in the area that have yet not been discovered.  
 
In 2005 a cooperation between the INC and CIGEO/UNAN was started to develop the 
Tranzado Urbanístico de la Ciudad Colonial, a project with the aim to trace and map ruins in 
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the León Viejo area. That study has focused on using different geophysical methods to reveal 
possible foundations or other interesting objects that might be worth further investigations. In 
the study both topographic, magnetic, resistivity and GPR methods have been used. In total 46 
magnetic profiles, 24 resistivity profiles and 48 GPR profiles were made. The GPR profiles 
showed anomalies that have been interpreted as structural elements of colonial buildings. In 
the study a 500 MHz antenna was used and the penetration dept was generally less than ten 
meters, however this is sufficient to reach deep enough to encounter colonial remnants in the 
León Viejo area. (Sequeira, 2005) 

2.3.3 The survey area 
The area of the conducted GPR survey is located at the site of the historical ruins of León 
Viejo, 30 km east of the location of modern León. The area is fairly flat with only small 
height differences, some due to previous excavations. Many previously found building 
foundations are visible in the terrain. The construction technique used for both civil and 
administrative buildings in León Viejo was thick double-sided brick walls with mud fill 
(Evans and Webster, 2001). These kinds of walls are assumed to be a good target for a GPR 
study. The surveys in León Viejo are focused on three different small areas where increased 
knowledge is of interest. These areas have been proposed by Ramiro Garcia Vasquez at the 
Centro Nicaragüense de Cultura, Turismo y Arqueologia and Claudio Romero at 
CIGEO/UNAN. With knowledge about previous GPR surveys in the area the expected dept 
penetration was about 5 meters, which should be sufficient to find eventual objects of colonial 
origin. The most probable and easily detectable objects would be foundations or other 
remnants of buildings. A map of all the survey areas in León Viejo and their location in 
relation to existing ruins can be seen in figure 2.10. A map in a correct scale together with 
GPS coordinates from the area can be found in appendix 5. 
 

- Area E1, E2 and E3 are located inside one of the larger buildings that have been found 
in León Viejo. The building consists of several rooms and surveys have been made in 
the largest room (E1) and in two of the smaller rooms (E2 and E3) that are connected 
with the largest room, figure 2.11. The exact function of this building, with its large 
number of rooms, is not completely known, however it is believed to have been a 
hospital. The purpose of the survey is therefore to try and find clues to what the 
building have been used as, for example walls, basements or other features that 
indicates different usage of different areas in the house. The survey area is grass 
covered and very flat with an elevation of about 58 m amsl in the western part and 57 
m amsl in the eastern part.    

- Area F is located between area E and a church ruin, figure 2.12. The area is previously 
not examined and the survey here aims at finding eventual building foundations. The 
area has grassy ground vegetation and the elevation is around 56 m amsl with a slight 
dip towards the east. In the area there are also some larger trees. 

- Area G is located east of the Ana Jimenez´s house, figure 2.13. The area is previously 
not examined and also here the survey aims at finding eventual building foundations. 
The area is slightly hilly with a small dip towards the northern end. The elevation is 
between 54 and 55 m amsl. The area has grassy ground vegetation with small bushes. 
In the area there are also some larger trees. 
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Figure 2.10. The survey area in León Viejo and the location of the profiles in relation to other structures.
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Figure 2.11. Survey area E1 in León Viejo.   

 

 
Figure 2.12. Survey area F in León Viejo. 
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Figure 2.13. Survey area G in León Viejo. 
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3. Method, Material and Theory 
 

3.1 Geophysical exploration 
 
Geophysics is the study of physical phenomenon and properties related to solid earth. This 
means investigations such as the structure of inner earth, properties of solid rock and loose 
sediments. The term applied geophysics is the part of geophysics that render in a practical 
or economical use of these investigations. (Sharma, 1997) 
 
Geophysical exploration methods are unique in their ability to create an image of 
subsurface structures without taking a direct sample and they are thereby non-destructive 
methods. The possibility to create such images is based upon contrasts in physical 
properties in massive rock and loose geological deposits (Elming). Such contrasts depend 
on changes in properties like density, magnetic susceptibility, elasticity, electric resistivity, 
dielectric permittivity, etc. The choice of a particular exploration method or a combination 
of several methods depend on the physical contrasts involved, depth to target and the nature 
and thickness of the overburden. A combination of several methods is always to prefer 
since it gives an opportunity to correlate and compare results. It is also an advantage to 
complement geophysical investigations with geological information. Both methods enable 
a countercheck of results and enhance the reliability of interpretation. (Sharma, 1997) 
 

3.2 Introduction to GPR 
 
Ground penetrating radar or ground probing radar is a high resolution geophysical 
exploration method that uses electromagnetic waves to investigate and image subsurface 
structures. Radar is an acronym for radio detection and ranging and it was first brought to 
practical development in Great Britain during the Second World War for defence against 
enemy aircrafts. Since then radar has been developed further and used for numerous other 
military and civil purposes and it is now also an important tool in ground investigations. 
The development of the use of pulse radar for ground investigations started mainly in 1956 
and the development accelerated considerably after 1970 as enormous progress in computer 
and electronics technology took place. (Parasnis, 1997) 
 
GPR has so far been used in a variety of applications in both environmental and 
engineering problems. Determining the thickness of soil horizons, determination of depth to 
the groundwater table, detection of voids, detection of fractures and fracture zones, etc. are 
examples of problems where the GPR method is applicable. The GPR method is easy to use 
and is neither destructive nor invasive. To ensure the reliability of results the geological 
background of the site and the physical properties of the ground and bedrock should be 
known. (Sharma, 1997) 
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3.3 Equipment  
 
The equipment used in this project is a RAMAC/GPR from Malå GeoScience in Sweden. 
The main parts of the equipment consist of an External PC, a control unit, a transmitter and 
a receiver antenna. The control unit is connected to the transmitter and receiver antennas by 
optical cables and a communications cable connects the PC to it. A basic outline of the 
equipment and the communication paths can be seen in figure 3.1. (Malå GeoScience, 
1997) 
 

 
Figure 3.1. The different parts of a GPR system and the paths of communication (Malå GeoScience, 
1997).   

 
Control unit 
The control unit is the administrator for data collection; it controls the transmitter and the 
receiver antennas. The control unit keeps track of current position and time, and stores data 
temporarily and retrieves and transmits it to the PC.  
 
Transmitter 
The transmitter antenna generates electromagnetic energy and transmits it to the 
surroundings. Energy is generated in the form of a pulse that is fed to the antenna. The 
antenna element transforms and amplifies the pulse differently depending on the antenna 
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frequency. A new pulse is transmitted when a control signal is received from the control 
unit. 
 
Receiver 
The receiver antenna converts reflected signals received by the antenna to a numerical 
integer between -32768 and +32767. The receiver transfers control signals from the control 
unit and sends collected data to the control unit.  
 
Antenna elements 
Each antenna consists of a transmitter and receiver antenna element. These elements have 
inbuilt radiating elements connected by a D-sub connector to the electronic units.  
 
Power supply 
The Control Unit, Transmitter and receiver are powered by separate battery packs. These 
battery packs are of the type Lithium-ion.   
 
Distance measuring 
There are two methods available for measuring the position of each trace, a measuring 
wheel or a hip chain. The hip chain is favourably used in trackless terrain and on surfaces 
that are not planar, while the measuring wheel is most convenient on smooth surfaces. The 
hip chain device consists of a small box with a pulley and a roll of cotton string. During a 
measurement the string is pulled out of the hip chain box. As the string is pulled out a 
sensor attached to the pulley will measure the pulled distance and trigger a new measuring-
point according to the selected trace interval.   
 
Skid box 
The skid box is a glass fibre box that contains the receiving and transmitting antennas. The 
robust design makes this set up of equipment suitable for data collection in rough terrain. 
(Malå GeoScience, 1997) 
 

3.4 Pulse radar 
 
The most common radar system for subsurface surveying today is the pulse radar. With the 
pulse radar system an electromagnetic pulse is emitted by a transmitting antenna. An 
electromagnetic GPR pulse is made up by a number of sine and cosine waves of different 
frequencies, amplitudes and phases. The frequency around which most of the energy is 
concentrated is called the centre frequency. The centre frequency is also the denomination 
of different radars, for example 250 MHz, 500 MHz, 1000 MHz, etc. (Parasnis, 1997) 
 
A radar pulse emitted by an antenna is partly reflected and partly transmitted when it meets 
with an electrical discontinuity, that is, an interface between two medium where there is a 
change in electromagnetic wave impedance. The electromagnetic wave impedance in a 
geologic material is only dependent of the dielectric constant, if the material is 
nonmagnetic. (Parasnis, 1997) 
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On every measuring point the electromagnetic pulse is repeated a great number of times. 
For every repetition the response of the transmitted pulse is recorded by the receiving 
antenna on a set time after transmit. By successively extending the time difference between 
transmitting and receiving a trace of the emitted pulses is built up by the separate 
registrations, figure 3.2. In theory a trace can be built up by analyzing the data from one 
single pulse. Though it is, at this time, practically impossible to collect, convert and store 
such a huge amount of data in such an extremely short time. The depth to registered 
reflections is often plotted as the two-way-time, which is the time needed for the pulse to 
travel to the target and back. When the time to the target is known depth can be calculated 
by estimating the radar wave velocity in the material. (Elming) 
 

 
Figure 3.2. Building and forming of a trace (Elming). 
 
The methodology for acquisition and interpretation of GPR data is very much alike the one 
for the more established geophysical exploration method of reflection seismics (Elming). 
Both methods use reflection of energy from underground structures but they differ a lot in 
the site specific application. Radar will not penetrate into materials with high electrical 
conductivity, such as damp clays, which are excellent targets for reflection seismics. When 
it comes to materials such as dry sand and gravel seismic waves are not easily transmitted 
though radar waves are. (Sharma, 1997) 
  

3.5 Electromagnetic waves 
 
Electromagnetic waves are built up of two orthogonal vector components, one electric 
intensity (E) and one magnetising force (H). These components are propagating in a third 
direction that is perpendicular to the E and H components, figure 3.3. (Reynolds, 1997)  
 

Individual pulses Complete trace 
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Figure 3.3. Propagation of an electromagnetic wave (Reynolds, 1997).  

 
The electromagnetic waves have a very wide frequency range, from as low as a few Hz up 
to gamma radiation with a frequency in excess of 1020 Hz. Also the wavelengths vary 
widely, with wavelengths of several thousand meters for the lowest frequencies and 
wavelengths shorter than an atomic nucleus for the highest frequencies. A compile of 
typical wavelengths and frequencies are presented in figure 3.4. Radar waves typically have 
a frequency range between 108 to 1010 Hz and a wavelength of around 1 meter. (Jönsson, 
1993)  
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Figure 3.4. Typical frequencies and wavelengths for electromagnetic waves (Jönsson, 1993).   

3.5.1 Propagation velocity 
The propagation velocity of an electromagnetic wave in a medium is calculated from three 
properties, the speed of light in free space (c=0,3 m/ns), the relative dielectric constant (εr) 
and the relative magnetic permeability (μr) of the material. In vacuum the radar wave will 
propagate with the velocity of light, when entering a medium the velocity will always be 
less than this. The relative dielectric constant and the relative magnetic permeability are 
defined as: (Reynolds, 1997) 
 

0μ
μμ =r   

0ε
εε =r          [3.1] 

 
where μ0 = 4π*107 Vs/Am and ε0 = 8,8544*10-12 As/Vm are the magnetic permeability and 
dielectric constant in vacuum, and μ and ε are material specific parameters. With these 
constants and knowledge about a materials dielectric and magnetic properties the speed of 
the radar wave (Vm) can be expressed as: (Elming) 
 

rr
m

cV
εμ

=           [3.2] 

 
The magnetic permeability is in most cases equal to one, the only exception is when 
magnetic minerals are present, which leads to a magnetic permeability just slightly larger 
than 1. This means equation 3.2 can be written as: (Elming) 
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3.5.2 Dielectric properties 
The dielectric properties of different materials vary widely, from 1 in air to 81 in distilled 
water. The dielectric properties in geological material normally vary between 3 and 30, but 
can in some types of clay be even higher (Elming). Since air and water are the extremes on 
the scale for describing relative dielectric properties, the water content will be of great 
significance for the value of the relative dielectric constant in a geological material. Also 
the porosity in a material will have great influence since a large porosity will result in a 
larger space for air or water to be stored within the material. A compile of relative dielectric 
constants and radar-wave velocities for different geological materials are presented in table 
3.1. (Reynolds, 1997) 
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Table 3.1. Relative dielectric constants (εr) and radar wave propagation velocity (V) in different 
geological materials (Reynolds, 1997).   

 

3.5.3 Reflection 
Different materials have different dielectric properties, which is essential for the 
functionality of the GPR method. Some materials are almost transparent to radar waves 
while other materials are absorbing or reflecting a great deal of the radiation. This is mainly 
a result of varying dielectric properties between different layers in the ground and it is these 
contrasts that result in reflections that can be measured and analysed with a GPR 
equipment. The amount of energy reflected can be described by the Amplitude reflection 
coefficient, R, either as (Reynolds, 1997): 
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where V1 is the velocity in layer 1 and V2 the velocity in layer 2, or 
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where ε1 and ε2 are the respective relative dielectric constants of layers 1 and 2. In equation 
3.5 it is assumed the different layers have the same magnetic permeability. The magnitude 
of R lies between -1 and 1 and the proportion of transmitted energy can be expressed as 1-
R. (Reynolds, 1997)    

3.5.4 Maximum penetration depth 
The penetrating depth of the GPR is mainly dependent on the characteristics of the 
investigated material and the antenna frequency. Generally a lower frequency will give a 
greater penetration dept, but the downside is that the resolution might not be sufficient and 
it will be hard to locate smaller objects. An antenna with a higher frequency will be more 
useful to locate smaller objects, but will have a limited penetration dept. In a study by 
Smith and Jol (1993) a comparison was made between different antenna frequencies to 
establish a relation between antenna frequency and penetration dept. They found that the 
relation in a favourable environment with quaternary sediments can be described with a 
graph according to figure 3.5. 
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Figure 3.5. Antenna frequency vs. penetration dept (Smith and Jol, 1993). 

In Reynolds (1997) another graph is presented that describes the maximum penetration 
depth in relation to antenna frequency, figure 3.6. It can here be seen that the penetration 
depth is varying widely depending on antenna frequency and geological materials. Since 
the exact geological circumstances are often hard to predict at previously unexamined sites, 
trial is often the only way to find out the most suitable antenna to reach deep enough into 
the ground.   
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Figure 3.6 Penetrating depth in relation to frequency and different geological materials (Reynolds, 
1997).  

3.5.5 Vertical and horizontal resolution 
The vertical resolution of a GPR system is defined as the smallest detectable separation 
between reflecting layers in depth. If the leading edge of the reflection from the bottom 
layer arrives at the receiver antenna after the tailing part of the reflection from the upper 
layer the receiver will interpret this as two separate layers. If the signals bridge over each 
other it will not be possible to detect the separate layers. (Parasnis, 1997) 
 
The parameters that will affect the resolution are the centre frequency of the antenna and 
the propagation velocity of the radar wave in a material. With knowledge of these 
parameters an estimation of the resolution can be made. As an example: A 250 MHz 
antenna has a pulse period of 1/250 MHz = 4ns. If this antenna is used on a material with 
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the radar wave propagation velocity of 0,1m/ns the pulse length will be 0,1*4 = 0,4 m. 
According to Reynolds (1997) the resolution can then be taken as one quarter of the pulse 
length (wavelength), which in this case will result in a vertical resolution of 10 cm. This is 
the highest resolution possible in theory, in reality however, the resolution will be limited 
mainly because of ground coupling effects. (Reynolds, 1997) 
 
Also the horizontal resolution of a GPR system will be limited. If t is the two-way travel 
time of a reflection, f the frequency and Vm the radar wave velocity in a medium, a circular 
area, A, can be calculated as (Parasnis, 1997): 
 

f
tV

A m

2
=           [3.6] 

 
If a reflector is smaller than the area A its shape will not be mapped accurately. If the same 
radar wave and soil material as in the example above is used in formula 3.6 for a reflector 
at for example a depth of 5 meters, the object would need to have a circular area of 1 m2 to 
be mapped correctly.  

3.5.6 Damping of radar waves 
There are a number of different processes that results in decreased signal strength for a 
radar wave travelling through a media, figure 3.7. The radar wave loses energy every time 
it passes through a boundary, some of the energy is transmitted and some is reflected. This 
effect is especially visible between the antenna and the ground where coupling effects 
occur. Further on there will be scattering of energy when there are objects in the ground 
with a size close to the wavelength of the radar wave, this phenomenon is known as Mie 
scattering. Energy is also absorbed since electromagnetic energy generates heat in the 
ground. The radar wave also loses energy the further away from the transmitter the wave 
travels. This is due to geometrical spreading of the energy, which is defined as the 
reduction in energy per unit area at a rate of 1/r2, where r is the distance travelled.    
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Figure 3.7. Different factors that leads to damping of a radar wave (Reynolds, 1997).   

Another way the radar wave loses energy is attenuation, which is described by the 
attenuation factor, α, as: 
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where σ is the electric conductivity and ω=2πf where f is the frequency.  The depth at 
which the radar wave has decreased in amplitude to 1/e (37%) of the initial value is called 
the skin depth (δ). The skin depth is inversely proportional to the attenuation factor, i.e. 
δ=1/α. The skin depth can also be expressed in a simplified way as a function of the relative 
dielectric constant and the electric conductivity according to formula 3.8. (Reynolds, 1997) 
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The skin depth is not a measure of the penetration depth of the radar wave, but it gives a 
good idea of how the wave is damped in different materials. (Reynolds, 1997) 
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3.6 Measuring and data acquisition 
 
As mentioned earlier the GPR antenna emits pulses of electromagnetic waves. Each of 
these pulses are of the same form and duration. The repetition frequency is calculated as the 
inverse of the interval between two successive pulses, and is denoted νr. Typical repetition 
frequencies used is in the range from 20 – 500 kHz. When it comes to the duration of a 
single pulse or the pulse width, it is usually between 1 and 100 ns. (Parasnis, 1997) 

3.6.1 Time window 
 The receiver antenna measures the electric field in the incoming reflected pulses, this is 
done in the interval between two successive pulses. The length of time for which the 
reflections between two transmitted pulses are measured and recorded or stored in an on-
line computer is called the time window (τw) (Parasnis,1997). According to Parasnis (1997) 
the time window can be calculated as: 
 

 
ν

τ depth
w

⋅
=

2             [3.9] 

 
Though Elming, recommends a factor of safety to get a more suitable and practically 
applicable value, as follows: 
 

 
ν

τ depth
w

⋅
⋅=
25,1           [3.10] 

 
In both formulas ν is the average velocity that the pulse travels with over the path.  
 
The time window should be chosen so that the most interesting reflectors can be seen. 
Depth and average velocity to the reflector is estimated and the depth is multiplied by a 
factor of two because the pulse travels over a two-way path. (Elming) 

3.6.2 Sampling interval 
The sampling interval is the interval at which the incoming signals are read. Though 
sampling frequency is a more commonly used term, defined as the inverse of the sampling 
interval. There are a few rules of thumb for choosing the right sampling frequency. Parasnis 
(1997) means that the sampling frequency must be greater than twice the centre frequency 
of the GPR antenna used, while Elming recommends a sampling frequency of ten times the 
centre frequency.  

3.6.3 Stacking 
Stacking is basically a pre-determined number of repetitions of the radar signal at each 
measuring point. Stacking is used to reduce the effect of noise and to increase the amount 
of authentic signals. Signals due to noise is assumed to be random while the authentic 
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signals are constant in time. When using a GPR equipment noise is due to all sorts of radio 
transmitters, cellular telephones, etc. The number of stacks used differs between sites and 
application but normally 4–128 stacks are used. (Elming) 

3.6.4 Trace interval 
The trace interval is the distance between two consecutive points of measurement along the 
ground. When measuring over reflectors that occurs either as points or steep structures it is 
recommended that the distance between two points should be less than λ/4. As a rule of 
thumb for the trace interval the following equation can be used: 
 

 
rr ff
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4

=≤                      [3.11] 

 
where f is the centre frequency stated in MHz. Common trace intervals is 5-50 cm. 
(Elming) 

3.6.5 Number of samples 
This parameter describes the number of samples for each trace. In the acquisition program 
used for this project, GPR 317, it is the number of samples and the sampling frequency that 
determines the time window. If the number of samples is increased the time window will be 
longer and the GPR equipment will allow more time for eventual deeper reflections to be 
registered. The number of samples can be adapted depending on the expected dept to a 
target, however common values are between 500 and 1000 samples. Choosing a too high 
value will result in a slower measuring procedure. (Malå GeoScience, 1997)
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3.7 GPR in Archaeology 
 

3.7.1 Introduction 
In general geophysical exploration for archaeological purposes has several positive aspects. 
It is a fast and relatively cheap way to gather much information and it is a good tool for 
planning excavations so that they can be made in a rational way with good accuracy. 
Problems involved are to choose the right method, or the right combination of methods, 
depending on the purpose of the study and to interpret the results in a correct way 
(Sequeira, 2005). Ground penetrating radar was first used in an archaeological application 
at a site in New Mexico, Chaco Canyon, 1976. The objective then was to locate buried 
walls covered by windblown sediment. At this early stage of GPR-development analysis 
was carried out from reading unprocessed radar reflections recorded on either paper or 
magnetic tape. Anomalies were searched for in paper records. This method was 
successfully used during the 1970’s and 80’s and to such diverse archaeological problems 
as finding barn walls, underground storage facilities, tunnels, house foundations etc. 
(Conyers and Cameron, 1998) 
 
When digital GPR systems were developed in the mid 80’s the advantage of mass-storage 
capabilities on online computers also reached the application on archaeology. With 
computers the ability to process, filter, analyze data and produce high quality reflection 
profiles increased. A method to simultaneously analyze profiles which are perpendicular 
made it possible to produce 3D images of an archaeological site. (Conyers and Cameron, 
1998) 

3.7.2 Methodology 
In many archaeological sites today the main concern is to find subsurface anomalies in 
individual profiles that might represent objects of interest. This is a good way to quickly 
identify objects and a good tool to plan excavations. Though today computers allow for a 
great amount of data to be processed simultaneously and 3D-maps of large areas can be 
quickly and efficiently produced. 
  
For the archaeological applications in this project, two different ways of mapping has been 
considered. On one area, area E1 in León Viejo, 3D-mapping has been tested, while on the 
other areas in León Viejo and at Isla de Ometepe the method of visually comparing 
reflections from parallel 2D-profiles has been used.  

3.7.3 3D-Mapping of large areas 
When mapping larger areas several methods can be used depending on the properties of the 
target or of what kind the target is. If mapping objects where little information about the 
size, orientation and depth is known, Malå GeoScience suggests that measurement is done 
in two different directions. The best is if these two directions are perpendicular. If the main 
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mapping target is soil layers, a method using free movement and accurate positioning of the 
antenna is more advisable. (Malå GeoScience) 
 
3D-mapping is an efficient way to work when mapping large areas in detail, which is often 
needed in archaeology. It is possible to work with both parallel and perpendicular profiles 
to produce 3D-models. One important aspect is the spacing between profiles, the larger the 
spacing the larger is the risk of missing interesting objects or producing artificial objects 
during post-processing. Artificial objects are a result of interpolating single profiles with to 
large spacing. It is known that to be able to produce a 3D-cube of the area without loosing 
any information the spacing should be no more than ¼ of the centre wavelength of the 
equipment used. This results in a theoretical spacing of 10 cm for a 250 MHz antenna, 
which in this study is practically impossible to achieve. Another important thing to take 
into account when working with 3D-mapping of archaeological sites is precise positioning. 
(Malå GeoScience) 
 
The data in a 3D-modell can be presented in so called timeslices. A timeslice is a 2-
dimensional representation of amplitudes at a set time and it allows recognizing reflecting 
elements lying at the same depth. (Sandmeier, 2001) 

3.7.4 Visual comparison 
Visual comparison between single parallel profiles is widely used on archaeological 
projects. The method is simply based on identifying single objects in single profiles and 
look for the same reflections in parallel near lying profiles. Also here accurate positioning 
of single profiles is important to be able to identify objects at the same length-position in 
single profiles. 
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3.8 GPS 
 
GPS, or actually NAVSTAR GPS, is a satellite system developed by the American 
military. The project started in 1973 and got operational in 1993. There are also other 
systems available for navigation and geodetic positioning with the use of satellites, one is 
the Russian system called GLONASS. A European system is under development and the 
project is called GALILEO. GPS is the only system that will be described here, though the 
theory is the same for all systems. (Lantmäteriet, 2005) 
 
The global positioning system has three main components, satellites, control stations and 
receivers. When the system was taken into service in 1993 there were 24 satellites in 
operation, today that number is 28. The satellites orbit the earth on an approximate 
elevation of 20 200 km and one orbit takes approximately 12 hours (11 hours and 58 
minutes). This means that every satellite constellation reappears two times every 24 hours 
with a displacement in time of 2 minutes for each orbit. The satellite system is shown in 
figure 3.8. The control stations manage surveillance and control of satellites. These control 
stations are placed mainly along the equator. These stations continually register signals 
from the satellites. The control stations also communicate with each satellite to update its 
satellite message. The receiver, or the user, needs equipment to receive and process data 
from the satellites. (Egeltoft, 1996)  

 
 

 
Figure 3.8. The GPS system and its satellites (Egeltoft, 1996). 
 
Every satellite in the system continuously sends unique signals on two frequencies, L1 and 
L2. On these two frequencies messages from each satellite is sent. The message includes 
information about predicted satellite positions and satellite clock corrections. From these 
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messages the travel time between satellite and receiver can be calculated. The distance can 
then be calculated as travel time · velocity, were the velocity is the speed of light. (Egeltoft, 
1996) 
 
When the receiver has information on both the distance to and location of the satellite the 
position can be determined. If the receiver gets signals from three satellites there are two 
possible positions that differ greatly in latitude, longitude and altitude. In these positions 
the altitude is the factor that differ the most. If the receiver’s approximate altitude is known 
a two-dimensional position can be calculated. But if a fourth satellite is added the receiver 
can calculate a three-dimensional position (Garmin, 2000). The system is designed to give 
signals from at least four satellites at every location on earth under the circumstance that 
there are no obstacles 15˚ from the horizon and upwards. (Egeltoft, 1996) 
 
To be able to describe positions in an unambiguous way all over the world, three-
dimensional reference systems are used. Along with the greater use of GPS the need for 
more and more accurate reference systems has increased. These reference systems must 
also be global which means that changes in the shape of the earth, such as tectonically plate 
movements, must be take in to account. These reference systems are recalculated with 
regular intervals. A point can be stated in different reference systems, which makes it 
important to, along with the information on position, always state which reference system 
the information complies with (Lantmäteriet, 2005). The reference system used in this 
project and the maps provided is the North American Datum of 1927 (NAD27). It is based 
on the ellipsoid of Clarke 1866. The reference or base station for this system is located at 
Meades Ranch in Kansas. (Towermaps, 2006) 

3.8.1 Sources of error 
There are relatively many sources of errors in positioning with GPS and the most 
significant are: (Egeltoft, 1996) 
 

• The atmosphere. When the signal travels from the satellite to the receiver it passes 
through all layers in the atmosphere and all of them have different physical 
properties. There are models for correcting the errors caused by the ionosphere and 
troposphere. Another way is to combine the L1 and L2 signals, which makes the 
signal less sensitive to these problems. 

• Clock errors. Even if very accurate clocks are used there are some errors. 
• Signal interruption. Can be corrected in post processing. 
• Signal multi-path errors. Occurs when the signal gets reflected on obstacles before it 

reaches the receiver. Obstacles can be tall buildings or rock surfaces. 
• Satellite position errors. Errors in the predicted or direct satellite position 

determination. 
• Satellite configuration. The geometry between satellites engaged in the calculation. 

If the ingoing satellites are evenly spread in a circle around the receiver, 
calculations will be more accurate than if the same number of satellites are 
positioned in a cluster in one direction from the receiver. 
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3.9 Post processing 
 

3.9.1 Software 
Raw GPR data can be post processed for easier interpretation. There are several different 
softwares for processing GPR profiles and in this study the software ReflexW from 
Sandmeier scientific software has been used. The version used is only a demo version, 
which means that the use of the program has been somewhat limited. 
 
ReflexW is a Windows based software for processing and interpretation of reflex and 
transmission data from GPR, reflection and refraction seismics, and ultrasound. The 
program has two different modules for processing, a 2D and a 3D module. An import 
function is the possibility to read almost all existing GPR data formats. 

3.9.2 Processing 
To ensure similar and comparable profiles for each project or area after processing, a 
processing sequence for 2D processing was established. A consequent way of processing 
profiles is also important when the 2D-processing is followed by a 3D-process, which is 
interpolated from several near lying 2D-profiles.The processing sequence is based on 5 
processing steps. These steps have been chosen according to Sandmeier (2001), which 
states a special post processing sequence for RAMAC formatted data. Each step will be 
stated and described in the same order as they are used in the program. 
 

1. Static correction/ Muting - Move start time; the start time of each profile was 
moved down to where the first reflection was registered, about 8-10 ns depending 
on profile and/or area. 

2. Static correction/ Muting - Cut time; the time window of each profile was 
lowered to create a more easily handled profile. 

3. 1D-filter - Subtract DC-shift; this option allows a so-called zero mean, which is 
the subtraction of an existing time constant shift. As filter parameters two time 
values must be entered. Within this time range the mean is calculated for each 
trace, which is subsequently subtracted from all samples of each trace. 

4. Gain - Gain function or manual gain; a gain to strengthen deep reflections was 
put on each profile. Either using a gain function or as a manual gain on the y-axis 
(time). Gain function multiplies the data points with a given function. The function 
can have both a linear part and an exponential part, here only the linear part was 
used. Manual gain on the time-axis makes it possible to apply a linear gain factor at 
a given travel time on the y-axis. This results in an opportunity to strengthen the 
signals more and more for increased depth. 

5. Analysis; the functions for analysis used in the program have been Pick and 
Velocity adaptation. The Pick function was used to highlight structures or layers in 
the profiles. The Velocity adaptation function was used to get information on 
electromagnetic wave velocities in the different soils.  
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These steps can be applied on each profile separately after they have been imported and 
converted to the ReflexW format. It is also possible to import the profiles first and then 
apply a processing sequence that allows simultaneous processing of several profiles, for 
example all profiles from one area. (Sandmeier, 2001) 
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4. Pre-study 
 

4.1 Aim 
 
A pre-study was made in Luleå during September and October 2006, before departure to 
Nicaragua. It was performed on different sites in and around Luleå town, Sweden. The aims 
of the pre-study were: 
 

• To learn more about the practical work concerning measuring and data acquisition. 
• To learn and experience the “in field” analysis of responses and reflections seen in 

the acquisition-program, GPR 317, from different geological formations.  
• To learn more about the post processing program chosen, ReflexW. 

 

4.2 Method 
 
To see how different dielectric discontinuities are manifested in the acquisition program 
and in post processing, a set of suitable geological formations were chosen. The geological 
formations were selected on basis of an expected radar image. Similar images may also be 
expected in Nicaragua and the experience is therefore valuable for the processing. 
Formations that were discussed and found suitable for a pre-study was inclined reflectors, 
ground water table, highly conductive “shielding” soil layers and areas were ideal 
conditions could be expected. The formations of interest are presented in table 4.1. 
 
Table 4.1. Different types of reflectors and probable ground conditions where these may be found.  

Type of reflector Probable ground conditions 
Inclined reflectors. Fractured fault zones and bed rock 

submerging below overlaying soil. 
Ground water table. Areas with high hydraulic conductivity, 

with a legible and even groundwater level. 
Highly conductive “shielding” soil layers. Clay or silt. 
Ideal conditions. Dry sand. 
 
To find suitable locations, sites according to table 4.2 were chosen for the radar profiles in 
a pre-study. 
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Table 4.2. Different locations for measuring and the types of conditions expected in these areas. 
Location Type of conditions 
Gäddvik water reserve, Luleå. Ideal conditions with dry sand and a legible 

groundwater surface at known depth. 
The moor, Luleå University of Technology. Shielding layers of clay and other fine-

grained sediments. 
Kallax, sand and gravel pit and Kallaxtjärn 
old rock quarry, Luleå. 

Inclined reflectors. 

 

4.3 Profiles 
 
At the selected locations GPR measurements were made and post processed. Below follows 
examples from the different types of geological conditions: 

4.3.1 Ideal conditions 

 
Figure 4.1. Radar profile from survey at Gäddvik water reserve, Luleå.  
 
The geology in this area is such that it gives quite ideal conditions for GPR surveying, 
comprising mostly dry sand to dry gravel with a groundwater level at approximately 7,5 
meters depth (measured in field, October 2006). Figure 4.1 displays a radar-gram from this 
area and reflectors are visible down to 50 ns travel time. In dry sand conditions this 
correlates to about 3,5 m, which in this case is a slightly lower penetration depth than 
expected. That the penetration depth is low can be due to existing thin layers with higher 
conductivity, as can be seen in the left part of figure 4.1, where there are no reflections 
below 25-30 ns travel time. 
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4.3.2 Shielding layers 

 
Figure 4.2. Radar profile from The Moor at Luleå University of Technology, Luleå. 
 
The soil at The Moor consists mostly of clay and other fine grained postglacial sediments. 
These often have a high content of water and together with the conductive clay minerals 
they therefore have a high electric conductivity, which leads to a very limited penetration 
depth with GPR. This is visible in figure 4.2, a radar-gram from measurements at The 
Moor, where there are almost no reflections from below 15-20 ns of travel time. This would 
correlate to a penetration depth of about 0.5-1.0 m depending on the exact dielectric 
properties of the soil. 

4.3.3 Inclined reflectors 

 
Figure 4.3. Radar profile from Kallax sand and gravel pit, Luleå. 
 
The radar gram made at Kallax sand and gravel pit, figure 4.3, shows an uneven and 
multilayered substructure. It also shows quite ideal conditions since the geology at the site 
is mostly dry sand, though it is known that there exist layers of silt, which can be seen as 
distinct and continuous reflections in figure 4.3. The sand is deposited on bedrock, which in 
these parts is shallow. Reflections are seen down to a depth of 60 ns travel time and in dry 
sand conditions this correlates to a penetration depth of about 4 meters.  
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Figure 4.4. Radar profile from Kallaxtjärn old rock quarry, Luleå 
 
The profile at the old rock quarry of Kallaxtjärn was made to try to visualize fracture zones 
in bedrock. Profiles were made on top of the old rock wall created by previous excavations. 
The vertical rock front made it easy to spot inclined fracture zones, of which two large were 
identified. In figure 4.4 the results from one profile is displayed. The inclined reflections 
seen at a distance of 125 meters into the profile is interpreted to be the result of one of the 
inclined fracture zones at the site. 

4.3.4 Conclusions 
The conclusion that can be drawn from the pre-study is that different geological 
circumstances give clearly varying results. It is clear that highly conductive layers cause 
shielding, which is demonstrated by the lack of reflections below such layers. The post 
processing can show reflectors that are not visible in raw data because the limitations of the 
acquisition program. The fact that the penetration depth is greater at the Kallax sand and 
gravel pit than at the site at Gäddvik water reserve is an indicator of the difficulties to 
estimate penetration depth at a site before a field test has been made. The pre-study also 
indicates that larger inclined fractures can be detected with the used equipment. It can also 
be concluded that the depth to bedrock usually can be determined if the overlaying soils are 
not to thick or shielding.   
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5. Results from the fieldwork in Nicaragua 
 
Here follows a description of the work and results that has been executed at the two 
different sites in Nicaragua, Isla de Ometepe and León Viejo.  
 

5.1 Isla de Ometepe 
 
The first area that was measured completely was area A and thereafter area B, figure 2.6. It 
became clear fairly early during the fieldwork that the dielectric properties of the soil made 
the area unsuitable for a GPR survey. In both area A and B there appears to be a layer at a 
depth of about 0,5 to 1 m that absorbs most of the radar-wave energy and only a very few 
reflections can be seen below this layer. Moreover the layer is very consistent and evenly 
spread over the whole survey area.  
 
In area A measurements were carried out along 15 profiles from east to west, figure 2.6. A 
map with an exact scale can be found in appendix 5. The first six profiles were made with 1 
meter spacing, which was due to the initially intended 3D model, which was then increased 
to 2 meters because of the limited results from the measurements. Perpendicular profiles 
were also planed for the area to make a 3D model; however this idea was abandoned 
because of the limited results of the first profiles. Selected profiles from area A can be seen 
in appendix 1.  
 
In area B measurements were carried out along 13 profiles from east to west with a spacing 
adapted to the rows of banana plants in the area varying between 2,0 and 2,5 meters, figure 
2.6. A map with an exact scale can be found in appendix 5. Just as in area A the penetration 
dept here was limited and only a few other reflections except for the assumed major layer 
were found. The amount of organic soil is believed to increase slightly to the south in this 
area. Selected profiles from area B can be seen in appendix 1. 
 
In area C and D only test measurements were performed, the reason for this was that both 
areas were densely vegetated by corn and banana plants and a systematic GPR survey here 
was not seen as possible without making major damage to the crops. The test profiles in 
area C and D were aimed at examining the feasibility of a future study in the area. However 
this can not be recommended, if a similar equipment as in this study is used, since there 
seem to be the same limited penetration dept of the radar-waves in these two areas as in 
area A and B. Selected sample profiles from area C and D can be seen in appendix 1.   
  
To examine the types of soil present and to estimate the radar-wave velocity a test pit was 
dug in area B down to about 60 cm below the ground surface, figure 5.1. The first 45 cm 
consisted of an organic soil with some smaller stones (<10 cm in diameter) and also some 
roots. Below this organic soil the material found shifted into a more clay-rich, dense soil, 
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which was very compact. None of the soils seemed to have any high water content. To 
estimate the radar-wave velocity a piece of metal was placed about 50 cm down in the pit 
and the pit was then re-filled with soil and re-compacted. A radar-gram was then made over 
the pit and a clear image of the metal piece could be identified in the image, figure 5.2. 
From this experiment the radar-wave velocity in the upper organic soil layer was 
approximated to about 150 m/μs. In the same radar-gram it can be seen that the metal piece 
reflection coincides with the deepest reflection that can generally be found in the area, 
hence it is assumed that it is the deeper clay-rich layer that is the reason for the damping of 
the radar waves and the limited penetration depth.  

 
Figure 5.1 Radar-gram with the reflection of the metal piece (marked with a red dot) after length about 
0,75 m at a dept of approximately 0,55 m.  
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Figure 5.2. Test pit from area B, Isla de Ometepe.  

5.1.1 Radar settings 
For the measurements performed at Isla de Ometepe the following settings of the 
equipment have been used.  
 

• Sampling frequency: 3486 MHz. This was chosen rather high to allow a more clear 
view of the traces in the acquisition program. 

• Number of samples: 700. This is a rather high number concerning the limited 
penetration dept in the area, however a high number was chosen beforehand for area 
A to ensure that eventual deeper reflections would be visible. For area B the number 
of samples was decreased to 600 and for area C and D to 500. 

• Number of stacks: 8.  
• Time window: 201ns for area A, 172 ns for area B and 143 ns for area C and D.  
• Trace interval: 0,05 m. A short interval was chosen to ensure that smaller objects 

would be detected.  
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5.2 León Viejo 
 
The first of the three sub-areas of area E to be measured was the larger area E1, figure 2.10. 
In area E1 perpendicular profiles with a spacing of 1 m were conducted inside the area 
secluded by the surrounding foundation. The distance between separate profiles where 
marked with tensioned strings that marked a straight line. The first radargrams displayed a 
satisfying penetration depth and clear reflections. In the post processing a complete 3D 
model was constructed from interpolation of the perpendicular 2D-profiles. The model was 
analysed together with visual comparison of the 2D-profiles. The timeslices from the 3D-
model (Appendix 2) shows that the properties of the soil in the upper left corner of the area 
seem to differ in properties from the rest of the area. This pattern is visible down to a dept 
of about 35 ns. In the 2D-profiles it can be seen that in the end of profiles EX1-EX16 and 
in the beginning of profiles EY11-EY24 there is an inclined reflector. In these profiles it 
can also be seen that the layering pattern is fairly uniform, except for the area in the corner 
where the soil seems to be more disturbed. The inclined reflectors, the disturbed layers and 
the anomaly in the timeslices are from the same sector in area E1. This pattern is worth 
taking notice of, though the reason for the difference compared to the rest of the room is 
hard to tell. A theory is that the foundation walls in this area are deeper, which might 
explain the inclined reflectors. This could be due to that the deeper foundation would 
function as a clear reflector, with substantially different dielectric properties compared to 
the surrounding soil, which can be followed at grater depth. This reflector could be 
compared with the inclined reflector found during the pre-study, figure 4.4. This could 
indicate that this part of the building have been deeper, maybe as a storage room or a cellar. 
In the timeslices there are a couple of other features visible. At a depth of about 20 ns a 
diagonal pattern is clearly visible from the upper centre of the area down to the bottom 
right corner. Spread out clusters with concentrations of reflections are also visible through 
the whole 3D-model, however it is hard to determine if these are random variations or 
results of human activity. Example profiles and timeslices from the 3D-model for area E1 is 
presented in appendix 2. 
 
In sub-areas E2 and E3 the depth of penetration was good enough but the measurements 
conducted here show no interesting structures or point reflections. The profiles indicate a 
smooth and even layering down to about 40 ns. Example profiles from area E2 and E3 can 
be seen in appendix 2.  
 
In area F parallel profiles with a spacing of 2 m were made. In the beginning of profile 
FX08 a point reflector is identified at 31 m along the profile. This reflection reoccurs 
through to profile FX20, varying in location between 31 m and 34 m along the profile 
direction. In profile FX12 there are two reflections of interest, one at approximately 10 m 
and the other at approximately 20 m. These reflections reoccur with different magnitude 
throughout the rest of the profiles at a location varying between 9-11m for the first and 19-
22 m for the second one. These three antiform patterns are all possibly related to house 
foundations. It is worth noticing that there are no reflections below these point reflectors, 
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which might indicate that the reflections are caused by a solid and homogenous structure in 
the ground, such as a foundation.  
 
In the end of the profiles there are generally a larger concentration of steep reflectors and 
hyperbolas. It is hard to determine if these reflections are caused by the same objects in 
subsequent profiles, however it is possible that some of these reflections are a result of 
building remnants. The fact that there are many inclined reflectors next to each other might 
be the result of the construction technique used with two outer brick walls with a mud layer 
in-between, however this is an idea that is very hard to prove without an excavation. A 
clearly distinguished deeper layer located at about 25 ns dept (~2 m) is visible from profile 
FX12 and onward. The layer is generally better expressed towards the end of the profiles 
(from about 35 m in the profiles), which might be due to a slightly grater penetrating dept 
of the signal in this part of the area. 
 
For area F a set of perpendicular profiles with 2 m spacing were conducted to try to find 
perpendicular reflections in correlation with the interesting reflections found in the FX 
direction. These profiles do however not show any significant reflectors. The only observed 
are a set of slightly inclined reflections in the middle of profiles FY20-FY24. Selected 
example profiles from area F can be seen in Appendix 3. 
 
The profiles from area G show several interesting reflections, however there are no clear 
and consistent patterns. The most interesting feature is a couple of inclined reflectors in the 
end of profiles GX12-GX18. A similar pattern with inclined reflectors can also be found in 
the beginning of profiles GX30 – GX38. These could possibly be related to a foundation or 
a wall. There are also some reflections at a location of around 20 -25 m in several profiles, 
mainly GX00-GX16. In general the ground was a bit more uneven in area G compared to 
area E and F. Small hills (about 50 cm high) and pits were present that at a first sight gave 
the impression that there might be some kind of ruins below ground that caused the 
unevenness. The profiles over these small hills and pits did however not show any 
interesting reflections, but rather only displayed as waves in some of the profiles. This is 
particularly clear in profiles GX16 – GX20. This wave pattern is probably caused by the 
lack of adaptation to exact height data. Selected profiles from area G can be seen in 
Appendix 4. 
 
Scaled maps together with interpreted structural remnants marked according to the results 
above can be seen in appendix 5.  

5.2.1 Radar settings 
For the measurements performed in León Viejo the following settings of the equipment 
have been used.  
 

• Sampling frequency: 3486 MHz. This was chosen rather high to allow a more clear 
view of the traces in the acquisition program. 

• Number of samples: 700. This is a rather high number, however a high number was 
chosen beforehand to ensure that eventual deeper reflections would be visible. This 
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number was used for area E1, but was then decreased to 500 for the rest of the 
survey in León Viejo.   

• Number of stacks: 8.  
• Time window: 201 ns for area E1 and 143 ns for area E2, E3, F and G.  
• Trace interval: 0,04 m. A short interval was chosen to ensure that smaller objects 

would be detected. For the 3D model in area E1 a lower value than 0,04 m could not 
be used, since the maximum number of traces the post-processing software can 
handle is limited to 1024.  
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6. Discussion and conclusions 
 
The conclusion from the surveying is that the equipment used in this field study, a shielded 
250 MHz antenna, is not suitable to find deeply located signs of old foundations on Isla de 
Ometepe. To reach further down it can be recommended to try to use an antenna with a 
lower frequency, however the risk would be that the resolution would be to poor to make 
the foundations visible. Another option might be to use a different geophysical method, for 
instance an electrical or magnetic method. If interest instead is turned to eventual shallow 
objects in the ground it might be a good idea to try a GPR equipment with a higher 
frequency antenna (500-1000 MHz) that can give a better resolution for a limited dept. 
 
In León Viejo the method and antenna used were more successful. The resulting 3D-model 
and profiles shows indications of objects that were expected to be found, mainly building 
foundations or walls. Hopefully the obtained data can be of good use for an upcoming 
excavation. Still it would be advisable to try to confirm the results by using some other 
geophysical method in the same areas. The use of a different antenna on the same profiles 
would also be interesting, both to get a more clear picture of the details close to the surface, 
but also with a lower frequency antenna to see what happens further down. Another way to 
confirm the results in this study would be to make a smaller archaeological excavation 
trench across one or more of the reflections that have been assumed to possibly be building 
walls or foundations.  
 
There are a couple of sources of errors that that might have influenced the results and the 
interpretation. For the 3D-model made in area E1 in León Viejo a grid of 1 times 1 m was 
used. To make the interpolation of the data more accurate a denser net would have been to 
prefer, however this would not have been feasible because of the relatively large area that 
needed to be covered. In addition it is hard to pull the antenna in an exactly straight line, 
which also affects the exactness of the measurements. It is however hard to say how much 
these errors affect the large scale image, but it is believed that the model is fairly accurate 
since it correlates well with the 2D-profiles. Another source of error is the way of distance 
measuring. The hip chain device that was used in this project was well calibrated and 
functioning, but the impression during the fieldwork was that it was not perfectly 
consistent, probably due to the somewhat elastic string and friction in the pulley. This 
might result in reflections from an outstretched object to end up at different length in 
different profiles and thus making interpretation harder. The nature of the ground and 
vegetation is also considered a source of error that is hard to predict. On Isla de Ometepe 
both the rocky surface and in some places dense vegetation might have affected the 
measurements. In León Viejo the ground vegetation was sparser, but it is possible that tree-
roots might have had some influence on the measurements. This might be the case in area F 
and G where several larger trees were present. Tree-roots might be the explanation to some 
of the point reflections in these areas. Uneven ground and ground vegetation also affects 
the contact between the antenna and the ground, which makes the part of the radar signal 
that enters the ground weaker. In some of the areas, especially on Isla de Ometepe and in 
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area F and G in León Viejo, there have been obstacles that have made it impossible to pull 
the antenna in a perfectly straight line. Examples of these obstacles are trees and larger 
stones. The fact that the measurements have not been correlated to exact height data might 
also make the interpretation somewhat harder, however all areas have been fairly flat so it 
is believed this have not caused any major errors in the results. The starting points for the 
measurements in León Viejo have been measured with existing ruins as references, 
however a GPS unit has been used when taking coordinates. The GPS unit has been a 
simpler hand-held model for civil use. For most coordinates taken the error has been less 
than 10 m.  
 
Generally the GPR method has proven to be a useful tool in archaeological exploration in 
Nicaragua. Still the ground conditions have a big influence, which this work is a clear 
evidence of. As detailed geological information often is sparse, trial is often the only way to 
know for certain if the method will work. Even if the penetration dept was fair in León 
Viejo it was probably not ideal conditions. In areas where the penetration dept is sufficient 
the method is fast and easy to use. This might be an advantage in a country where 
workforce is expensive, however in Nicaragua the problem would probably be that the cost 
to buy the equipment is high.    
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Appendix 1: Example profiles,  Isla de Ometepe 
 

 
Above: Profiles A1 and B1 
 

 
Above: Profiles C1 and D1 



Appendix 2: Example profiles, Leon Viejo area E1-3 

 
Above: Full 3D-model of area E1 
 

 
Above: Timeslice at 5,74ns, generated from 3d-model area E1 



 
Above: Timeslice at 10,04ns, generated from 3d-model area E1 
 
 

 
Above: Timeslice at 15,21ns, generated from 3d-model area E1 



 
Above: Timeslice at 20,08ns, generated from 3d-model area E1 
 
 

 
Above: Timeslice at 25,25ns, generated from 3d-model area E1 



 
Above: Timeslice at 30,12ns, generated from 3d-model area E1 
 
 

 
Above: Timeslice at 35,00ns, generated from 3d-model area E1 
 



 
Above: Profiles EX01 and EX03, area E1 
 

 
Above: Profiles EX05 and EX07, area E1 



 
Above: Profiles EX09 and EX11, area E1 
 

 
Above: Profiles EX13 and EX15, area E1 
 
 



 
Above: Profiles EY11 and EY13, area E1 
 

 
Above: Profiles EY15 and EY17, area E1 
 
 



 
Above: Profiles EY19 and EY21, area E1 
 

 
Above: Example profiles EY50 and EY60, area E2 and E3 respectively 



Appendix 3: Example profiles, Leon Viejo area F 

 
Above: Profiles FX08 and FX10 
 

 
Above: Profiles FX12 and FX14 



 
Above: Profiles FX16 and FX18 
 

 
Above: Profiles FX20 and FX22 



 
Above: Profiles FX24 and FX26 
 

 
Above: Profiles FX28 and FX30 



 
Above: Profiles FX32 and FX34 
 

 
Above: Profiles FX36 and FX38 



 
Above: Profiles FX40 and FX42 
 

 
Above: Profiles FX44 and FX46 



 
Above: Profiles FX48 and FX50 
 

 
Above: Profile FY10 



Appendix 4: Example profiles Leon Viejo, area G 

 
Above: Profile GX02 
 
 

 
Above: Profiles GX10 and GX14 



 
Above: Profiles GX16 and GX34 
 



Appendix 5: Maps 
 
 
 

Map legend: 
 
   GPS-Points 
 
 
   Known structures 
 
 
   GPR profiles 
 
 
   Found structures 
 
 
   Text 
 
 

Map index: 
 

1. Areadescription Isla de Ometepe 
2. Areadescription Leon Viejo 
3. Areadescription and results Leon Viejo, area E 
4. Areadescription and results Leon Viejo, area F 
5. Areadescription and results Leon Viejo, area G 













GPS-coordinates
Isla de Ometepe
Name Northing Easting Elevation Code

355 1270253.000 664092.000 72,000 Origo A
356 1270253.000 664040.000 72,000 Test pit
357 1270252.000 664040.000 72,000 Road, fence A/B
358 1270250.000 663977.000 72,000 -
361 1270243.000 664099.000 76,000 -
362 1270243.000 663976.000 75,000 Monticle B1
363 1270244.000 663988.000 74,000 Monticle B2
364 1270215.000 663983.000 76,000 Monticle B3
365 1270247.000 664029.000 72,000 Origo B
366 1270290.000 664049.000 76,000 Monticle C1
367 1270238.000 664172.000 73,000 Farm house
368 1270256.000 664197.000 73,000 Road cross
369 1270299.000 664211.000 72,000 Road

Leon Viejo
Name Northing Easting Elevation Code

370 1370723.000 541363.000 - E3
371 1370714.000 541471.000 - E1
372 1370634.000 541586.000 - Origo F
373 1370702.000 541659.000 - Area G
374 1370647.000 541557.000 - Origo FY

* All coordinates stated in NAD27
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