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3.	 Results and discussion
The study area lies in the central section of the Huambo River valley, 

a le�-bank tributary of the Colca River in the Western Cordillera of the 
Central Andes (Fig. 1A). The valley is filled with thick thermogene tra-
vertines (sensu PENTECOST, 2005) of Pleistocene age (TYC et al., 2024), 

covering over 11 km� and extending from 2,970 m a.s.l. near Huambo 
village to approximately 3,950 m a.s.l. The eastern peripheries reach up 
to 4,000 m a.s.l., where they merge with colluvial deposits (Figs. 1 and 2).

Figure 1�: Location of the study area. A � general location of the Huambo area in the central Colca River basin (shaded relief map based on 30 m 
resolution digital elevation model, DEM from Shuttle Radar Topography Mission, SRTM https://earthexplorer.usgs.gov); B � geological settings of 

the Huambo area (based on CALDAS, 1993 and ROMERO FERN`NDEZ & TICONA TURPO, 2003, modified) with location of caves and zones of collapse 
sinkholes in the Mulapampa travertines (Gruta con Lago � C1, Gruta Campana � C2, Gruta Lechuza � C3), the main karst spring (Manco CÆpac), and 

the Los Altos gypsum karst; C � solution sinkhole in gypsum of Los Altos (4,150 m a.s.l.; foreground) overlooking the Ampato
Sabancaya Volcanic 
Complex (ASVC), with active Sabancaya volcano and Mulapampa travertines in the middle (view from NW to SE).

The oldest formations in the study area include Upper Jurassic-Cre-
taceous sedimentary rocks of the Yura, Murco, Arcurquina, and Ashua 
Formations (Fig. 1B; CALDAS, 1993; ROMERO FERN`NDEZ & TICONA 
TURPO, 2003). The Arcurquina and Ashua Formations� carbonates and 
evaporites are particularly significant for karst development. A thick 
(500�700 m) carbonate sequence from the Arcurquina Formation un-
derlies the Mulapampa travertines. Upper Cretaceous�Eocene dacite 
intrusions have altered these sedimentary deposits (Fig. 1B; CALDAS, 
1993; ROMERO FERN`NDEZ & TICONA TURPO, 2003).

The travertine cover is characterized by numerous deep collapse 
sinkholes (Figs. 1, 2, and 3). Three caves were identified during field 
studies focused on the geomorphology and origin of these sinkholes. 
These caves were already known to the local community. The entrances 
to Gruta con Lago and Gruta Campana (C1 and C2 in Fig. 1B; Fig. 2) are 

located at elevations of 3,447 m and 3,463 m a.s.l., respectively. The 
entrance to Gruta con Lago features a deep, cylindrical collapse sinkhole 
(Fig. 4A), while Gruta Campana exhibits a bell-shaped collapse. The 
caves contain steep cones of collapsed travertine blocks leading to their 
bottoms. Gruta con Lago, reaching a depth of 38 m, contains a small lake 
and water pools among gypsum deposits. Gruta Campana has been 
explored to a depth of 40 m. The deepest known cave in the area, Gruta 
Lechuza, lies at the edge of the uppermost travertine terrace (C3 in Fig. 
1B; Fig. 2), with a cave bottom nearly 85 m below the surface (Fig. 4B). 
According to GRADZI�SKI et al. (2019) and UNESCO data (https://whc.
unesco.org), this depth places these caves among the deepest known 
travertine caves in the world, comparable to Zedan-el-Soleyman in Iran 
(DAMM, 1968).
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Figure 2�: Location of caves and collapse sinkholes in the Mulapampa travertines above the Huambo village  
(Maps Data: Google Earth Pro, '2025 Airbus).

Figure 3�: Collapse sinkholes on the uppermost terrace of the Mulapampa 
travertine.

TYC et al. (2024) proposed a conceptual model for speleogenesis 
in the region, considering sulfuric acid speleogenesis (SAS) and its 
association with travertine deposition over carbonate formations. The 
Ampato-Sabancaya Volcanic Complex (ASVC) and its geothermal system 
play a crucial role. The extensive carbonate formations (Arcurquina For-
mation) overlying a magma chamber, combined with active fault zones, 
are particularly significant for karst development (TYC et al., 2022, 2024).
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Figure 4�: Surveys of caves in the Mulapampa travertines (TYC et al., 2024, modified). A � Gruta con Lago; B � Gruta Lechuza; C � entrance of the Grura 
Leczuza, view from the inner part of the cave.

4.	 Conclusion 
Several years of research in the Huambo area have unexpectedly 

provided valuable new data on the karst and caves of this region of the 
Peruvian Andes. Detailed geological and geomorphological studies are 

essential to understanding the origin and age of karst development in the 
Mulapampa travertines, including the specific stages of speleogenesis.
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