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Abstract
Paraguay’s first geopark began in 2017 and work is ongoing. The project is managed 

by a committee comprised of key stakeholders from state and municipal entities, 

universities, and local communities, to promote and generate sustainable local de-

velopment strategies. Paraguay has significant geodiversity, particularly in the east-

ern region, with rocks ranging from the Paleoproterozoic to Quaternary sediments. 

Appreciation of this extensive geodiversity only began a decade ago with a focus on 

heritage value and preservation of certain geological sites. The methodology present-

ed here involves a qualitative inventory of geosites and geodiversity sites (GS) with 

scientific, educational, and tourist value. Additionally, it considers their fragility and 

vulnerability within the territory of the Geoparque ÑandeYvytykuera, covering the 

departments of Central, Cordillera, and Paraguarí. The GS with the highest scien-

tific value is the columnar sandstones of Cerro Koi. Those with superior educational 

qualities include the GS Ñemby Hill, Perõ Hill, and Yaguarón Hill. Tourism value 

is highest at the GS San Bernardino Beach. As for fragility and vulnerability, the 

Itauguá Fossiliferous Shales GS stands out due to the deterioration and loss of its 

geodiversity, attributed to a diverse array of unique marine fossils. In conclusion, 

we recommend adding more locations as a geoconservation strategy, and expanding 

studies that incorporate quantitative methodologies to provide more precise data and 

further these and other investigations.
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Introduction

Geoconservation in Latin America is fundamen-
tal to preserving the rich geological and scenic 
diversity of the region. With a varied geology 
ranging from imposing mountain ranges to ex-
tensive plains, Latin America hosts a wide array 
of unique geological resources (Mantesso-Neto 
2010). Some countries have made notable prog-
ress in this regard, such as Brazil, which boasts 
the first Geopark in the Americas and the South-
ern Hemisphere: Geopark Araripe. This Geopark 
comprises nine geosites of significance in geo-
logical, paleontological, historical, cultural, eco-
logical, scientific, and economic realms. Brazil 
also features other Geoparks, including Caçapava 
UNESCO Global Geopark, Quarta Colônia UN-
ESCO Global Geopark, Seridó UNESCO Global 
Geopark, and Southern Canyons Pathways UNE-
SCO Global Geopark (UNESCO 2016).

In Argentina, there are diverse places of inter-
est, such as the Bryn Gwyn Geopark in Trelew 
(Chubut), which has already submitted its candi-
dacy to UNESCO and features both a paleontolog-
ical and botanical tour. Additionally, there is the 
Divisadero Largo Park in Mendoza, known for its 
diverse biodiversity and significant cultural heri-
tage (Mantesso-Neto 2010). There are also highly 
relevant works, such as Medina (2012), who pro-
poses methodologies for the inventory and quan-
tification of geosites that could be applied at the 
national level.

Similarly, Chile has the Kütralkura Geopark, des-
ignated as a UNESCO Global Geopark in 2019. 
However, authors such as Benado et al (2019) 
consider geoconservation in Chile to be still in 
its early stages, attributed to limited collaboration 
among institutions currently undertaking initia-
tives in this field and restricted knowledge in the 
academic and professional spheres of Earth sci-
ences regarding what aspects to conserve and how 
to do so.

The appreciation of Paraguay’s geological heri-
tage began just a decade ago with a focus on the 
geoconservation of sites of exceptional geological 
importance. An example of this is the proposal of 
the calcareous caverns located in the Department 
of Concepción, to the north of the Eastern Region 
of the country, as a geosite. These caverns feature 
stalactites, stalagmites, and dissolution structures, 
representing various karstic processes. The lime-
stones deposited in the Ediacaran period belong to 
the Itapucumí Group (Paniagua  et al. 2013; Ga-
dea & Benitez 2018).

Another example, mentioned by Golin et al. 
(2013), comprises the sandstone outcrops of the 
Asunción Group with columnar joints (more fre-
quent in basalts) occurring along a tectonic struc-
ture (Asunción Rift). These outcrops were formed 
by magmatic events similar to those affecting sed-
imentary rocks, leading to hydrothermalism and 
subsequent jointing in pentagonal and hexagonal 
prisms—a rarity in geology.

It is also noteworthy that in the municipality of 
Itauguá, there are outcrops of fossiliferous shales. 
Fossil invertebrates from these shales are a Llan-
doverian marine biota, featuring unique genera 
and species. This area shows the Vargas Peña For-
mation of the Itacurubí Group, of Silurian age, and 
deserves more attention for geoconservation ef-
forts (Paniagua  2014; Espínola & Salinas 2022).

Some works also highlight the geomorphological 
features of landscapes, primarily as a geotourism 
resource, such as the granite corestones of the 
Caapucú Suite in the town of Yaguareté Cua, lo-
cated in the Precambrian zone to the south of the 
eastern region of the country. These corestones 
demonstrate processes of deep weathering and 
subsequent denudation from the Upper Mesozoic 
to the Lower Cenozoic (Colman et al. 2019), leav-
ing behind cores of granitic rocks. Other notable 
geomorphological features are the inselbergs or 
hills, remnants of ancient surfaces or paleo-surfac-
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es with high scenic value. They stand out as ex-
ceptional landscapes with steep sides and flat tops, 
represented by Jurassic aeolian sandstones of the 
Misiones Formation located northeast of the East-
ern region of the country (Sarubbi et al. 2019), but 
they can also be found in other sedimentary rocks 
of different ages.

Some local authors have made efforts to invento-
ry the geological and geomorphological heritage, 
such as Gadea & Benitez (2018), who present-
ed a list of 106 geosites of geotourism interest 
based on papers. These geosites are located with 
coordinates by departments, and their geological 
characteristics group them into the following cat-
egories: cavern, paleontology, folding, hydrology, 

geomorphology, landscape, stratigraphy, mining 
history, monadnock, tectonics, geoform, paleobot-
any, columnar sandstones, ethnography, erosion, 
ichnology, erratic blocks, petrology, Precambrian 
rocks, dolmen cave, igneous intrusion, volcanic 
stock, annular complex, landscape volcano, hy-
drogeology, islet history, glacigenic rocks, paleo-
dunes, cenote landscape, columnar basalts. While 
this initiative is important, both qualitative and 
quantitative inventory methodologies should be 
followed to determine the potential of geosites, 
geomorphosites, geodiversity sites, etc. Salinas et 
al. (2021) presented evaluations of the scientific 
value of two geosites in the metropolitan area of 
the city of Asunción. These evaluations consid-

Figure 1. Physical map of Paraguay. Source: https://earthexplorer.usgs.gov/
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ered their representativeness, integrity, rarity, and 
scientific knowledge of the Cerro Koi and Cerro 
Ñemby sites.

Finally, papers have been prepared about guided 
tours to geological sites known by university and 
primary-secondary teachers as support and con-
solidation of geological knowledge about process-
es that occurred over millions of years. These field 
classes not only enhance the learning of concepts 
but also help assess georesources for their geosci-
entific and geoeducational importance (López et 
al. 2021).

Geographical and Geological Setting

Being a country without a coastline, Paraguay 
is bordered to the north by Bolivia, northeast by 
Brazil, and to the southwest by Argentina. It has 
a surface area of 406,752 km² and a projected 
population of 7,554,796 people for 2023 (INE 
2023). The main geographical characteristic of 
Paraguay is being divided by a river of the same 
name into two regions with very different climates 
and topography. The Western Region or Chaco is 
formed by floodplains to the south and scrubland 
plains with a semi-arid climate to the north. On 
the other hand, the Eastern Region is character-
ized by gentle undulations, a subtropical climate, 
and abundant rainfall, making it more conducive 
to the country’s agricultural and industrial activ-
ities. This region concentrates the majority of the 
population, approximately 97% (INE 2023).

Paraguay is characterized by a wide variety of 
geological features that contribute to its diverse 
geomorphology, as mentioned earlier. This geo-
diversity has been described in numerous geolog-
ical studies that began in the mid-twentieth cen-
tury, primarily focusing on petrology, mineralogy, 
structural geology, and, in subsequent decades, 
geotectonics, mining potential, and the scarcely 
explored geological resources. The eastern region 
boasts the greatest geological diversity in the coun-

try, hosting two Precambrian areas. The first, lo-
cated to the north, is associated with the southern-
most detachment of the Amazonian Craton, while 
the second area corresponds to the northernmost 
detachment of the Río de la Plata Craton (Granja 
Dorilêo Leite  et al. 2018). In addition to these 
Precambrian areas, the region also features out-
crops of sedimentary and igneous rocks spanning 
from the Cambrian to the Neogene. These rocks 
represent various environments, including marine 
transgressions and regressions, glaciations, sandy 
deserts, fluvial environments, etc. Moreover, the 
region exhibits different magmatisms and volca-
nisms, ranging from granitic and basaltic to alka-
line traps (Fig. 2).

Ñandeyvytykuera Geopark Project

Background

There is currently a geopark proposal in Paraguay 
that was initiated in 2017 through the Environ-
mental Management Committee of the Natural 
Monuments of Cerro Koi and Chorori, located 30 
km from Asunción. This committee consisted of 
institutions such as the Ministry of the Environ-
ment and Sustainable Development (MADES), 
the National Secretariat of Tourism (SENATUR), 
and the Municipality of Areguá. Initially, the idea 
was to nominate the natural monument for its dis-
tinctive geological formations of sandstones with 
columnar joints. However, following participation 
in international conferences on the subject1,2 and 
a technical visit by representatives of the United 
Nations Educational, Scientific and Cultural Or-
ganization (UNESCO) in mid-2018, it was out-
lined and defined that there should be additional 
proposals for geological sites to apply for recogni-
tion3 as UNESCO Global Geoparks (UGGp).

In accordance with UNESCO’s guidelines, the 
first Geopark Management Committee (CGG) 
was formed, comprising the Faculty of Exact 
and Natural Sciences of the National Univer-
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Figure 2. Simplified Geological Map of Paraguay. Modified from Proyecto PAR 83

sity of Asunción (FACEN-UNA), SENATUR, 
MADES, the Government of the Central Depart-
ment (GDC), and the Organized Civil Society of 
the Municipality of Areguá and San Bernardino 
(Fig. 3). The committee’s responsibility is to de-
velop the first national geopark called ‘Geoparque 
Ñandeyvytykuera’ (Our Hills in the Guarani lan-
guage) to become part of the UGGp (López & Sa-
linas 2022). The CGG is tasked with identifying 
geological sites in the Eastern Region of Paraguay 
within the Central, Cordillera, and Paraguarí de-
partments. Numerous geological sites have been 
located whose geological formations align with 
the regulations recommended by UNESCO.

1ABC color (2017) El Cerro Koi es candidato a 
ser declarado geoparque por la UNESCO. Recu-
perate:  https://www.abc.com.py/edicion-impresa/

Figure 3. Organizational structure of the Geopark 
Management Committee (CGG) and its collaboration 
with representative municipalities.
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interior/el-cerro-ki-es-candidato-a-ser-declarado-
geoparque-por-la-unesco-1650934.html

2IP - Agencia de Información Paraguaya 
(2017) Cerro Kôi postulará como candida-
to a Geoparque de la Unesco. https://www.
ip.gov.py/ip/cerro-koi-postulara-como-candida-
to-a-geoparque-de-la-unesco/

3Última Hora - UH (2018) Pretenden que sitios 
geológicos estén en programa de Unesco https://
www.ultimahora.com/pretenden-que-sitios-geo-
logicos-esten-programa-unesco-n1149482

The CGG initiated dialogues with various com-
munity stakeholders and municipal authorities to 
discuss the proposal for establishing a Geopark 
in the Central, Cordillera, and Paraguarí De-
partments. The discussions incorporated diverse 
themes, including geology, biology, human ecolo-
gy, tourism, history, culture, tradition, dances, gas-
tronomy, art, and music (Fig. 4), aiming to foster 
community participation across the entire geopark 
territory.

 

Figure 4. Main themes of the geopark project in Paraguay, represented in the petals of the national flower of the 
country, the Mburukuja (Guarani language) (Passiflora caerulea). 

To foster sustainable development in diverse com-
munities across the country, the Geopark and Bio-
cultural Heritage Research Center (NIGPBC in 
Spanish) has been established at FACEN-UNA. 
This initiative endeavors to launch a new research 
direction led by faculty and students, with the pri-
mary goal of emphasizing the value of geological 
heritage as an opportunity for community growth 
(López & Salinas 2022). The NIGPBC has entered 

into a technical-scientific cooperation agreement 
with the Tourism, Hospitality, and Gastronomy 
Research Group (GITHG in Spanish) at the Poly-
technic Faculty (FP-UNA in Spanish), both affiliat-
ed with the National University of Asunción. This 
collaboration aims to conduct activities to identify 
and catalog the geological and tourist potential of 
the territory to fortify the geopark project (Balbue-
na 2022). Furthermore, efforts are being made to 
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establish agreements with the Faculty of Agrari-
an Sciences (FCA-UNA in Spanish), particularly 
with the Human Ecology Engineering program, to 
enhance and unite forces for the development of 
local communities at each site. However, one of 
the primary challenges of this proposal is secur-
ing funding for research on natural and geological 
heritage, which can serve as a strategy to promote 
sustainable development at the local level.

The NIGPB engages in various activities to pro-
mote the geoconservation of the geological her-
itage of the country and the geopark territory. 
These activities include the training of park rang-
ers for the proposed Cerro Koi geosite (Salinas 
2021), discussions about clay with potters from 
the municipality of Areguá, and more. Although 
these activities were affected during the Covid-19 
pandemic, efforts were made to promote educa-
tional videos, as well as local, national, and inter-
national virtual events and meetings (Salinas & 
Lopez 2022).

Geological Setting of the Geopark Project

The territory of the geopark project encompasses 
various geological features, including alignments, 
rift zones, igneous intrusions, dips of sedimentary 
strata, and outcrops of Precambrian rocks, among 
others. Across the three departmental divisions 
covered by the project; in the Central Depart-
ment, there are outcrops of Paleocene sedimenta-
ry rocks, predominantly sandstones. These rocks 
were influenced by alkaline ultramafic volcanism 
during the Eocene, with some forming columnar 
joint structures in sandstones.

The Cordillera Department features Lower Paleo-
zoic sedimentary rocks, primarily conglomerates, 
sandstones, and shales, which overlie Precambri-
an granitic bodies. In the Paraguarí Department, 
a diverse range of rocks from various origins and 
ages can be found. These include Paleozoic sed-
imentary rocks, Cretaceous conglomerates, and 

Upper Proterozoic metamorphic rocks.

Inventory of Geological Sites

To emphasize the value of the natural heritage 
linked to the geosites within the Geoparque Ñand-
eyvytykuera territory, a methodology based on the 
proposals of Brilha (2016) and Martínez (2010) 
was adopted. This methodology was tailored to the 
specific characteristics of the study area, aligning 
with the UGGp guidelines. The process involved 
multiple stages. Initially, relevant bibliographic 
material was gathered, focusing on the geological 
elements present in the study areas, as well as the 
cultural and social aspects associated with the re-
gion. Utilizing this information, areas of scientif-
ic, educational, and tourist interest were identified 
and acknowledged. These areas, distinguished 
by their unique characteristics, were classified 
as geosites and/or geodiversity sites. In total, 22 
locations were selected, situated across various 
districts in the departments of Central, Cordillera, 
and Paraguarí (Fig. 5).

In the selected places of interest, a qualitative as-
sessment of their geological elements in terms of 
their scientific value was conducted through field-
work for the identification and qualitative evalu-
ation of each geosite on the list of potential geo-
sites. This assessment was based on the following 
four criteria, taking into account their scientific, 
educational, and tourism value, as well as fragility 
and vulnerability (Brilha 2016):

Scientific Value:

(1) representativeness is how a geosite exposes or 
explains geological processes;

(2) integrity refers to the conservation conditions 
of the site;

(3) rarity if it is a unique geosite within a certain 
area;

(4) scientific knowledge the scientific literature 
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that exists on the geosite.

Similarly, the qualitative assessment of potential 
geodiversity sites is also based on four criteria, 
one for their educational potential and the other 
for their tourist potential (Brilha, 2016):

Educational Value:

(1) didactic potential;

(2) geological diversity;

(3) accessibility;

(4) security.

Tourism Value:

(1) scenery;

(2) interpretive potential;

(3) accessibility;

(4) security.

Figure 5. Location map of inventoried geosites of Geoparque Ñandeyvytykuera Project Territory.

-For both the geosites and the geodiversity sites, 
their Fragility and Vulnerability were determined: 

(1) deterioration;

(2) fragility;

(3) anthropogenic vulnerability;

(4) proximity to areas/activities with potential to 
cause degradation;

(5) protection;

(6) urgency of protection.

Inventory of Geosites/Geodiversity sites (GS) 
of the Central Department 

GS1 - Columnar sandstones of Cerro Koĩ, a geo-
logical rarity (Fig. 6A)

 Located in the district of Areguá, within the Nat-
ural Monuments Cerro Koĩ and Chororĩ, protected 
by Law No. 179 of the year 1993, it is located at 
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Figure 6. Inventory of Geosites/Geodiversity sites (GS) of the Central Department: A) GS1 Columnar disjunction 
of sandstones, B) GS2 Paleoecological reconstruction of the Llandoverian fauna (Uriz et al. 2018), C) GS3 
Ypacaraí Quarry, wall of rhyolitic rocks, D) GS4 Ñemby Hill, showing Nephelinites with a columnar arrangement, 
E) GS11 Itá Lagoon with a caiman out of the water (By UH).

coordinates 25°19’29.08”S; 57°23’50.05”W; Ele-
vation: 192 m. They are sandstone outcrops with 
polygonal columnar structures that were formed 
due to contraction by heating and subsequent cool-
ing of poorly consolidated sediments of fluvial 
origin of the Asunción Group (Génez 2014), due 
to contact with dike-shaped nephelinitic igneous 
intrusions of the Alkaline Province of Asunción in 
the Paleocene (Velázquez et al. 2008).

GS 2 - Fossiliferous Shales of Itauguá, a Silurian 
sea (Fig. 6B)

Located in the district of Itauguá, at coordinates 
25°22’43.14”S and 57°19’46.13”W, with a height 
of 112 m, it presents outcrops of fossiliferous 
shales belonging to the Vargas Peña Formation of 
the Itacurubí Group, dating from the Llandoverian 
(Lower Silurian), and represents marine paleoen-

vironments. They present a wide variety of species 
and genera of invertebrates, such as graptolites, 
trilobites, bivalves, gastropods, brachiopods and 
hyolithids, among others (Uriz et al. 2018), with 
locally described species such as the trilobites Ca-
lymene harringtoni, Dalmanites ypacarayensis, 
and Guaranites paraguayensis, the brachiopod 
Eocoelia paraguayensis, and the hyolithid Hyo-
lithe guaraniensis (Tortello et al. 2012; Uriz et al. 
2018).

GS3 - Ypacaraí Quarry, Cambrian volcanic rocks 
(Fig. 6C)

Located in the district of Ypacaraí, at coordinates 
25°25’48.71”S and 57°15’55.63”W and an ele-
vation of 84 m above sea level. It presents main-
ly acidic volcanic to subvolcanic igneous rocks, 
belonging to the Caapucú Magmatic Suite, and 
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dating from the Lower Cambrian (Dionisi et al. 
1998). The rocks exhibit phenocrysts of feldspar, 
quartz, and lithic fragments, with a matrix show-
ing a fluid structure. It displays a pyroclastic tex-
ture and is classified as rhyolitic tuff (Dionisi et 
al. 1998).

GS4 – Ñemby Hill, Paleocene volcanic rocks (Fig. 
6D)

Located in the district of Ñemby, at coordinates 
25°24’14.54”S and 57°32’9.16”W, with an eleva-
tion of 180 m, it has been exploited for over 50 
years, expropriated, and transferred to the munic-
ipality of Ñemby by Decree N° 7409. Its geoform 
is primarily defined as a volcanic plug and pres-

ents igneous rocks of the nephelinite type with 
columnar structures associated with the Alkaline 
Province of Asunción (Comin-Chiaramonti et al. 
1991; Riccomini et al. 2001) of the Paleocene age 
(∼60 m.a.) (Velázquez et al. 2006). It also contains 
mantle nodules known as olivinic peridotite xeno-
liths, mainly lherzolites (Stormer et al. 1975).

GS5, GS9 and GS10 Villeta District: history 
and geology.

All are located in the district of Villeta, Central 
Department, GS5 - Shores of the Paraguay River, 
at coordinates 25°30’3.07”S and 57°34’10.55”W, 
elevation 60 m, presents an attractive scenery with 
its sunsets over the Paraguay River. On its banks, 

Figure 7. Inventory of Geosites/Geodiversity sites of the Central Department: A) GS9 presents various geological 
features, breccias, load structures, clastic dikes, and faults (Salinas et al. 2019), B) GS10 is a historical monument 
of the Paraguayan War, C) GS5 represents a geosite located on the banks of the Paraguay River (by ABC color), 
D) GS11 are geoforms resulting from water erosion (Bogarín et al. 2015).
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there are sandstone rocks with horizontal stratifi-
cation belonging to the Caacupé Group of Ordovi-
cian age(Fig.7C).

GS9 - Diamictite Quarry, at coordinates 
25°21’31.17”S and 57°28’42.36”W, and an eleva-
tion of 134 m, can be divided mainly into three 
well-marked lithofacies. The basal part is com-
posed of coarse sandstone, followed by mostly 
silicified middle sandstones with a clay matrix 
containing diamictic pebbles and layers of silici-
fied sandy siltites (Salinas et al. 2019). These 
rocks date from the Upper Ordovicianm (Fig.7A).

GS10 - Ita Yvate Historical Monument, also 
known as Lomas Valentinas, at coordinates 
25°35’28.06”S and 57°31’4.09”W, with a maxi-
mum elevation of 150 m. The main access to this 
site is the road that connects Villeta with Nueva 
Italia. It is a Historical Monument of the Para-
guayan War (1864–1870), where important battles 
occurred due to its elevated topographic position 
during the Pykysyry Campaign (Furrier & Gadea 
2022). Geologically, it presents mainly coarse fri-
able sandstones with silicification crust from the 
Caacupé Group, probably Tobatí Formation, of 
Ordovician age and fractures in both N-S and E-W 
directions (Fig 7B).

GS6 - Itá Lagoon, a caiman habitat in the middle 
of the city (Fig.6E)

Located in the District of Itá, at coordinates 
25°30’28.47”S 57°21’53.43”W, with an elevation 
of 127 m. It is a small shallow lagoon, covering 
an area of 2 ha, serving as a habitat for caimans 
(jakare in Guarani), various aquatic birds such as 
herons, wild ducks, fish, and turtles. It is a recre-
ational area in the urban center of the city.

GS7 - Cerrito Quarry, 

Located in the District of Capiatá, at coordinates 
25°21’31.17”S and 57°28’42.36”W, at an eleva-
tion of 134 m above sea level. It features sand-

stone-type rocks with columnar joints, similar to 
those found in Cerro Koi. The quarry is currently 
abandoned and requires intervention to restore it 
as a natural area of geological interest.

GS8 - Ypané Badlands, water erosion

Situated in the Ypané District, at coordinates 
25°27’49.78”S and 57°31’33.88”W, at an eleva-
tion of 76 m above sea level, these unique geo-
forms result from hydraulic erosion of unconsoli-
dated sediments from the Quaternary age, mainly 
clayey sands (Bogarín et al. 2015). Notably, near-
by, fossils such as glyptodonts and others from the 
Pleistocene fauna of Paraguay have been found 
(Báez et al. 2004, cited in Bogarín et al. 2015) 
(Fig.7D).

Inventory of Geosites/Geodiversity sites of the 
Cordillera Department

GS11, GS 12 and GS13. District of San Bernardi-
no: Granite rocks of the Cambrian

In the urban area and along the shores of the beach 
in the city of San Bernardino, at coordinates for 
GS11 at 25°18’35.08”S/57°18’7.64”W, and an el-
evation of 77 m, and for GS12 at 25°18’37.33”S/ 
57° 18’10.11”W, with an elevation of 63 m, pluton-
ic sub-intrusive granitic rock outcrop. These rocks 
are pink to gray in color, porphyritic in texture, 
and typically in a state of alteration. They belong 
to the Caapucú Magmatic Suite (Fanego Type) 
and are of Eocambrian age (532 Ma) (Dionisi et 
al. 1998). The San Bernardino Monolith compris-
es orthoclase, quartz, plagioclase, and subordi-
nate micas and mafic minerals. The beach on the 
shores of Lake Ypacaraí is an emblematic place 
in Paraguay, forming a lagoon in a topographic 
valley as a result of the erosive retreat of the geo-
logical fault of the eastern edge of the Asunción 
Rift (Degraff et al. 1981). GS13, at coordinates 
25°18’26.93”S/ 57°18’11.17”W and an elevation 
of 114 m, is a viewpoint formed by Ordovician 
sedimentary rocks of the quartz sandstone type of 
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the Caacupé Group in unconformable contact and 
overlying granite (Fig. 8A-C).

GS14 and GS15. Piribebuy District: Ordovi-
cian rocks

GS14, Piribebuy Creek, is a geosite located at co-
ordinates 25°28’0.99”S 57° 2’29.36”W, with an 
elevation of 235 m. It features sedimentary rocks 
of the medium yellowish sandstone type with 
grooved cross-bedding. The predominant mineral-
ogy is a low-grade quartz matrix, with a minority 
presence of mica minerals (Dionisi et al. 1998). 
These rocks are believed to belong to the Cerro Hũ 
Formation (Fig.8E).

GS15, the San Rafael Monolith geosite, is located 
at coordinates 25°30’5.58”S and 57°1’12.65”W, 
with an elevation of 272 m. It showcases quartz-

Figure 8. Inventory of Geosites/Geodiversity sites of the Cordillera Department: A) GS12 Granite Blocks in San 
Bernardino, B) GS11 Lake Ypacaraí, C) GS13 Panoramic San Bernardino Viewpoint (By La Nación newspaper), 
D) GS15 San Rafael Monolith, E) GS14 rocks on the banks of the Piribebuy stream showing grooved cross-
bedding.

ose sandstones with saccharoidal aspects of white 
color and little matrix. The rocks are friable and 
have a thin silicified crust (Dionisi et al. 1998). 
They exhibit taphonis-type erosion structures and 
are attributed to the Tobatí Formation (Fig. 8D).

Both geosites belong to the Caacupé Group and 
are assigned a Late Ordovician age.

Inventory of Geosites/Geodiversity sites of the 
Department of Paraguarí

GS16, GS17, GS18, GS19 and GS20. Paraguari 
District

The GS16 Paraguarí Conglomerate, located at co-
ordinates 25°34’47.22”S and 57° 6’31.51”W with 
an elevation of 200 m, exhibits sedimentary rocks 
predominantly of the oligomictic conglomerate 



Salinas Franco: Geological Heritage of Ñandeyvytykuera Geopark

381

type, consisting mainly of rounded clasts of flu-
vial origin imbricated within a thick sandy matrix. 
Additionally, it is interbedded with arkosic coarse-
grained sandstones. This sedimentary package 
constitutes the most basal unit of the Caacupé 
Group, dating to the Upper Ordovician age (Bartel 
et al. 1998) (Fig.9A).

The GS17 Soto Rugua Quarry, situated at coordi-
nates 25°36’22.03”S and 57° 6’34.24”W with an 
elevation of 308 m, showcases outcrops of igne-
ous rocks of the gabbro and lamprophyid types in 
the form of stocks that intrude Ordovician sedi-
mentary rocks. These igneous rocks belong to the 
Sapucai Alkaline Province and are dated to 126 

Figure 9. Inventory of Geosites/Geodiversity sites of the Department of Paraguarí: A) GS16 Paraguarí 
Conglomerate, bundles of imbricated fluvial conglomerates, B) GS17 alkaline gabbro from the Soto Rugua Quarry, 
C) GS18 panoramic view of Hu Hill, D) GS19 folded metallutites at the foot of Cerro Cristo Redentor, E) GS20 
viewpoint from Cerro Pero F) GS21 panoramic view from Cerro Acahay, G) GS22 Various geological features of 
Cerro Yaguarón, ripple marks, semi-balance rock, cracks in the rocks like turtle shells.
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Ma in the Early Cretaceous (Gomes et al. 2013) 
(Fig 9B).

The GS18 Hũ Hill, located at coordinates 
25°36’23.37”S and 57° 7’46.74”W with an eleva-
tion of 316 m, consists of coarse-grained to con-
glomeratic sandstones in its basal part, transition-
ing to medium sandstones at its summit. Fluvial 
paleocurrents, influenced by a decrease in energy, 
result in a granulometry decrease towards the up-
per layers. This hill represents the typical outcrop 
of the Cerro Hu Formation, part of the Caacupé 
Group, and dates to the Upper Ordovician age 
(Bartel et al. 1998) (Fig.9C).

The GS19 Cerro Cristo Redentor, situated at co-
ordinates 25°36’21.86”S and 57° 8’13.24”W with 
an elevation of 140 m, is composed of metasedi-
ments, primarily folded and fractured metalutites 
corresponding to the Paso Pindó Group of Upper 
Proterozoic age (Bartel et al., 1998) (Fig.9D)

The GS20 Cerro Perõ, located at coordinates 
25°36’53.79”S and 57° 8’51.81”W with an eleva-
tion of 187 m, is positioned in the urban center of 
the city of Paraguarí. It represents the basal part 
of the Asunción Group (Upper Cretaceous–Paleo-
gene age) characterized by chaotic sedimentation 
of alluvial fan fanglomerates. These fanglomer-
ates contain clasts, blocks, and fragments of igne-
ous rocks from the Sapucai Alkaline Province, as 
well as sandstones and Ordovician conglomerates 
from the Caacupé Group, and magmatites of the 
Caapucú Suite (Bartel et al. 1998) (Fig.9E).

GS21 Acahay Hill, Annular Intrusion

Situated in the Acahay District at coordinates 
25°53’4.06”S and 57° 9’21.61”W, with an eleva-
tion of 485 m, Acahay Hill received the designa-
tion as a protected area within the National Sys-
tem of Protected Areas (SINASIP). It is classified 
as the Acahay Massif Natural Monument by De-
cree No. 13,682 issued in 1992, and this area cov-
ers approximately 2,500 Ha (Ayala 2019). Acahay 

Hill is an annular complex formed by the intrusion 
of igneous rocks from the Alkaline Province of 
Sapucaí, dated to 126 Ma in the Early Cretaceous 
(Gomes et al. 2013). The rocks present include es-
sexitic gabbro (91.4 + 5.3), syenogabbro (88.0 + 
5.1), alkali gabbro (94.5 + 4.3), syenodiorite (79.9 
+ 4.6), and trachyandesite (118. ±4.0) (Green et al. 
1991) (Fig 9F).

GS22 Yaguarón Hill, relict of erosion

Located in the Yaguarón District at coordinates 
25°34’13.48”S and 57°17’39.76”W, with a max-
imum elevation of 255 m, Yaguarón Hill (Fig. 
9G).exhibits sedimentary rocks of the sandstone 
type, partially silicified, with primary structures 
such as ripple marks, desiccation cracks, and wa-
ter erosion structures like tafonis and alveoli (Ce-
labe et al. 2023). Yaguarón Hill is characterized 
as a relict hill, with high silicification. Regarding 
its geomorphology, it shows a plateau shape, and 
the described sandstones are present in a massive 
form, indicating an oxidative and continental en-
vironment, as evidenced by the reddish coloration 
resulting from hematite (Celabe 2018).

Qualitative Assessment

Valuation of Scientific, Educational, and Tour-
ist Aspects

When considering Table 1 for scientific value, it 
is evident that the columnar sandstones of Cerro 
Koi exhibit a high value across all four criteria: 
representativeness, integrity, rarity, and scientific 
knowledge. This geosite holds the highest value 
compared to the other geosites. Geosites such as 
Granite Monolith and Ñemby Hill demonstrate 
high representativeness, integrity, and rarity, but 
an average value in scientific knowledge. This 
is attributed to the limited or moderately studied 
geological knowledge of these locations.

Regarding educational value (Table 1), Yaguaron 
Hill and the Columnar Sandstones of Cerro Koi 
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score high in didactic potential, geological diver-
sity, and safety, but have a medium level of acces-
sibility due to the absence of inclusive ramps and 
safety railings. Conversely, Perõ Hill, San Rafael 
Monolith, and Ñemby Hill exhibit high didactic 
potential, accessibility, and safety, with a medium 
rating in geological diversity. Ypacarai Quarry ex-
cels in didactic potential, geological diversity, and 
accessibility, but due to the occurrence of acci-
dents at the site, it receives a moderate assessment 
regarding safety.

Table 1. Qualitative Inventory of the 22 geosites and geodiversity sites in their high (H), medium (M) or low (L) 
Scientific, Educational and Tourist Value. Location Department Central (C), Cordillera (R) and Paraguarí (P).

Geosites / Geodiversity sites names 
(age)

C
olum

nar Sandstones of C
erro K

oi (Paleocene)

Fossiliferous Shales of Itauguá (Llandovery Silurian)

Ypacaraí Q
uarry (C

am
brian)

Ñ
em

by H
ill (Paleocene)

Shores of the Paraguay R
iver (U

pper O
rdovician)

Itá Lagoon (Q
uaternary) 

C
errito Q

uarry (Paleocene)

Ypané B
adlands (Q

uaternary)

Q
uarry of D

iam
ictites (U

pper O
rdovician, H

irnantian?)

Ita Y
bate H

istorical M
onum

ent (U
pper O

rdovician)

G
ranite M

onolith (C
am

brian)

San B
ernardino B

each (C
am

brian)

San B
ernardino V

iew
point (U

pper O
rdovician)

(Piribebuy C
reek (O

rdovician/Silurian

San R
afael M

onolith (U
pper O

rdovician)

Paraguari C
onglom

erate (U
pper O

rdovician)

Soto R
uguá Q

uarry (Low
er C

retaceous)

H
ũ H

ill (U
pper O

rdovician)

C
risto R

edentor H
ill (N

eoproterozoic)

Perõ H
ill (C

retaseous/Paleogene)

A
cahay H

ill (Low
er C

retaceous)

Yaguaron H
ill (C

retaseous/Paleogene)

 Scientific
Value

Representativeness H H H H L L M H H L H M M M M H H M H H H M

 Integrity H L H H M M M L M M H H M H H M H H L H H H

 Rarity H M M H L L M H H M H M L M M M M M H M M M

Scientific knowledge H H M M M L L M M L M L L L M M M M H M M H

Education-
al value

Didactic potential M H H H H M M H M H H H M H H H M H M H M H

 Geological Diversity M H H M M L M M H M L L L M M M H M M M H H

 Accessibility M L H H M H L M M H H H M M H M L L H H L M

 Safety H M M H M H L L M M H H H H H H M M H H L H

 Tourism
 Value

Scenery H L H H H H L M M M L H H H M L M H M H H H

Interpretative Poten-
tial M H H M M M M H M H M H M M M M M H M M M H

 Accessibility M L M H M H L M M H H H M M H M L L H H L M

 Safety H M M H M H L L M M H H H H H H M M H H L H

Location Department C C C C C C C C C R R R R R R P P P P P P P

In terms of tourist value (Table 1), San Bernardino 
Beach emerges as the most representative geosite, 
receiving high marks for scenery, interpretive po-
tential, accessibility, and safety. On the other hand, 
Ita Lagoon, Ñemby Hill, and Perõ Hill receive an 
average assessment concerning interpretative poten-
tial due to the geological complexity that poses chal-
lenges for non-scientific audiences. Regarding the 
Columnar Sandstones of Cerro Koi and Yaguaron 
Hill, they have a moderate level of accessibility, re-
quiring an extensive journey to reach the viewpoint. 
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Assessment of Fragility and Vulnerability

Concerning the fragility and vulnerability of the 
geosites (Table 2), Cristo Redentor Hill, the Ypané 
Badlands, and the Itauguá fossiliferous shales re-
ceive a high value in criteria such as deterioration, 
anthropogenic vulnerability, fragility, proximity to 
areas/activities with the potential to cause degra-
dation, and urgency of protection. However, these 
geosites have a low level of protection based on 
the criteria, as they are currently not safeguarded 
by any municipal legislation or regulation.

Conclusion 

Based on the literature review and the results of 

Table 2. Qualitative inventory of the 22 geosites and geodiversity sites in their high (H), medium (M) or low (L) 
Fragility and Vulnerability. Location Department Central (C), Cordillera (R) and Paraguarí (P).

Geosites / Geodiversity sites 
names (age)

C
olum

nar Sandstones of C
erro K

oi (Paleocene)

Fossiliferous Shales of Itauguá (Llandovery Silurian)

Ypacaraí Q
uarry (C

am
brian)

Ñ
em

by H
ill (Paleocene)

Shores of the Paraguay R
iver (U

pper O
rdovician)

Itá Lagoon (Q
uaternary) 
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Ypané B
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(?D
iam
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pper O
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Ita Y
bate H

istorical M
onum

ent (U
pper O
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G
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onolith (C
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brian)

San B
ernardino B

each (C
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(San B
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iew
point (U

pper O
rdovician
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reek (O
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afael M
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rdovician

(Soto R
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ũ H

ill (U
pper O
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C
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(Perõ H
ill (C

retaseous/Paleogene

A
cahay H

ill (Low
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Yaguaron H
ill (C

retaseous/Paleogene)

 Fragility
and Vulner-
ability

 Deterioration L H L L M L H H M L L L L L L M M L H L L L

 Fragility M H L M M M M H M L L L M M M M M M H M L M

 Anthropogenic
Vulnerability M H M M M H H H H M M H M H H H H M H M M M

Proximity to areas/
 activities with
 potential to cause
 degradation M H M M H H H H H M M H M H H H H M H M M M

 Protection H L M H M H L L L H H H H H M L L H L H M H

Urgency of Protec-
tion L H M M M L M H M L L H L L L H M L H L M L

Location Department C C C C C C C C C R R R R R R P P P P P P P

the inventory and qualitative assessment from 
scientific, educational, and tourist perspectives, 
as well as considering fragility and vulnerabili-
ty, several conclusions can be drawn. The studied 
geosites and geodiversity sites demonstrate sig-
nificant potential for geotourism, geoeducational, 
and geoconservation activities.

Cerro Koi undoubtedly stands out with the highest 
scores in terms of its scientific aspect. The unique 
sandstones with columnar structures represent a 
rarity found in only a few places worldwide. For 
educational value, Ñemby Hill, Perõ Hill, and Ya-
guarón Hill offer diverse geodiversity suitable for 
didactic strategies in geosciences at primary, sec-
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ondary, and tertiary education levels. In terms of 
tourist value, San Bernardino Beach GS outshines 
the rest, situated in one of Paraguay’s most iconic 
resorts, featuring a well-established hotel and gas-
tronomic complex.

Turning to the evaluation of fragility and vulner-
ability, Itaugua Fossil Shales earn the highest val-
ues. This site, boasting a rich biodiversity of fos-
sils, is currently experiencing deterioration of its 
heritage value and geodiverse aspects due to the 
absence of effective short and long-term geocon-
servation strategies.

While this investigation represents progress 
in valuing geological heritage and geodiversi-
ty, further research is necessary. Future studies 
could incorporate quantitative assessments and 
expand the coverage to a greater number of geo-
sites, facilitating the determination of their val-
ue at local, national, regional, or international 
levels.
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