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Introduction 
 
Actun Tunichil Muknal (ATM) is a cave that houses 14 sets of Mayan skeletal 
remains and numerous deposits of ceramics in a dry chamber approximately 
500 meters within.  ATM is located in the Cayo District of Belize, a region 
with a subtropical climate and 100 inches of rainfall per annum.  Because the 
cave experiences seasonal flooding and has a perennial stream flowing 
through it (a tributary of Roaring Creek), this investigation re-examines the 
bones and artifacts to determine whether their positions have been affected 
by the dynamic fluvial environment.  Observations of the relationships 
between natural geological formations and the bones may help to distinguish 
between the cultural activities and taphonomic forces that led to their current 
locations in the cave. The ultimate goal of this project is observational in 
nature and seeks to provide an alternate scenario for the interpretation of 
phenomena that are traditionally attributed to deliberate human actions.  

Materials & Methods 
 
Previous researchers have assumed or suggested that all individuals were 
sacrificed, that the remains were deliberately placed in the travertine pools, 
that pots were deliberately ‘killed’ in the vicinity, and that the occasional 
flooding episodes had no influence on the positions of the bones.  To rule out 
more mundane taphonomic effects on bone position, several questions were 
developed as a part of the current study:  
 
1. Do the bones display sorting due to size, density, or shape, or display 
preferential orientation, features common to fluvial transport? 

2. Are the bones more commonly located in gravity-dependent, natural trap 
areas rather than on elevated surfaces? 
 
3.  Are the bones still moving due to hydrologic forces? 
 
These questions were approached through observation using non-invasive 
methods.  As ATM is a current tourist excursion, the entrance to the cave is 
regulated by tour guides and site guards.  With the permission of Dr. Awe, I 
went into the cave a total of 7 times with tour groups to conduct observations 
and to photograph the necessary geological features and human remains.  

 

Figure 10.  Individual 14, an infant, 
represented by two bones (circled).  

Cave Background 
 
ATM, originally discovered in 1986 by geomorphologist Thomas Miller, was 
completely undisturbed.  Following initial mapping, Dr. Charlotte Roberts 
analyzed six skeletons in 1990.  The Western Belize Regional Cave Project 
(WBRC), headed by Dr. Jaime Awe, then re-mapped ATM using GIS.  
Detailed analyses of the skeletons were completed by Dr. Holley Moyes and 
Sherry Gibbs.  There are six chambers that contain human remains, 
consisting of seven adults, one child, and six infants. There are two 
utilization periods at ATM; the entrance dates to ~A.D. 300 (the beginning of 
the Classic Period), while deeper portions of the cave date to the Late 
Classic Period (A.D. 750-900). The deeper areas of the cave are associated 
with ritual use and contain the 14 skeletons.  There are several suggested 
reasons for the ritual use of caves by the Mayans.  The first is the connection 
and communication between ancestors and gods that can occur in cave 
spaces.  Secondly, caves serve as ritual space for sacrifices, offerings, 
collection of zuhuy ha, and bloodlettings.  Finally, caves are an important 
part of the landscape that also includes rockshelters and artificially 
constructed underworld areas for ritual use.  While this investigation of ATM 
does not seek to re-interpret cave usage for rituals, it does seek to 
understand how hydrologic action impacts the cave space and to what 
extent it may disturb, transport, and sort the human remains. 

Conclusion 
 

Yes, fluvial dynamics have affected most of the skeletons at Actun Tunichil 
Muknal. Seen here are chambers with different characteristics and unique 
geological features that differentially affect water flow and the movement of 
objects caught in the flow. The bones are disarticulated and sorted by size, 
and shape; they show preferential orientations and tend to gather in gravity- 
dependent areas. Elements with extra buoyancy (such as intact crania and 
round pots) have clearly “rafted” downstream.  Movement of the human 
remains occurs even today, particularly in areas where little to no calcite 
forms.  In light of the physical properties and dynamics of the cave, how much 
of what is observed can really be explained by cultural activities?  
Taphonomic analyses provide valuable insight, particularly in cave 
environments such as ATM, regarding the interpretation of the utilization of 
the cave and associated cultural practices. 

Figures 2 - 5.  Examples of geological features observed in ATM.  From left: calcite 
waterfall, water line, travertine dam, and speleothems.  

Figure 1.  
Keyhole entrance 
to Actun Tunichil 
Muknal. 
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Results and Discussion 
 
Notably, there is only a single individual that does not display any evidence 
fluvial transport; all bones are still intact and in proper anatomical position. 
This individual (Figure 7), named the ‘Crystal Maiden’ due to the sparkling 
calcite accumulated on the bones, holds a unique position in the cave, being 
the furthest from the entrance as well as the highest in elevation.  
 
Question 1:  Sorting / orientation of bones (see Figures 8 - 13).  Several 
sets of bones display differential sorting.  Many long bones are oriented with 
the predominant flow direction of water through the area, and bones of 
different shapes are sometimes clustered in different locations.  At least 
some clusters conform to “transport” and “lag” groupings as expected from 
flume experiments on human bones.  With the exception of the Crystal 
Maiden, very few bones are still in their correct anatomical positions, for 
example, on opposing sides of a joint surface.  Instead, bones that are near 
each other are usually randomly-oriented with respect to one another, 
indicating significant jumbling. 
 
Question 2:  Location (see Figures 9 and 16).  Bones are more likely to be 
located in gravity-dependent areas and natural traps, such as in travertine 
pools, basins, at the bottoms of slopes or runs, and stuck between features 
such as speleothems.  Tellingly, some bones are found leaning against 
sloped calcite waterfalls, exactly as if they had washed over the crest.  
Bones are more common in the lower reaches of the cave than on higher 
slopes, even when it is more difficult to reach those lower areas by foot. 
 
Question 3:  Movement of bones (see Figures 11,14 - 16).  Some bones 
are no longer in their known positions as originally documented in the 
1990’s.  Specifically, Individuals 4, 5, & 6 (all infants) are jumbled, an 
isolated molar is missing, small bony elements are missing from areas 
where they are expected, and bones in damp areas are freely movable.  
Most of these examples are not in areas that tourists are allowed to visit.    
 
Other workers have witnessed flooding in the cave and the slow recession 
of pooled water after rainstorms.  The geological features clearly indicate 
that large quantities of water move through the upper cave during the rainy 
season, making it a very dynamic environment. Therefore, assuming that 
most bones are not in their original positions, where were the bodies placed 
by the Myans?  We suggest they were deposited in the higher reaches of 
the cave (like the Crystal Maiden) and eventually washed downward, 
dispersing into crevices and pools as the soft tissues decomposed. 
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Figure 7.  Individual 13, the ‘Crystal 
Maiden’, still in anatomical position.  

Figure 6.  Map of the human remains 
 (adapted from Moyes 2001)  

Figure 9.  Individuals 2 & 3, spread 
across a large pool at the base of a 
calcite waterfall. Crania are circled, 

long bones are at arrows. 

Figure 8.  Individual 1, the cranium 
(circled) located in a separate travertine 

pool from the long bones (at arrows).  

Figure 11.  Individuals 4, 5, & 6 (all 
infants) commingled in a niche at a low 

point in the cave. Crania are circled 
long bones are indicated by arrows. 

Figure 16.  Individual 11, an infant in a 
damp area of the cave, with degraded 

bone and mold growth.  

Figure 16.  Individual 12, in a travertine 
pool near the ‘Crystal Maiden’.  The 

cranium is circled. 

Figure 14.  Individual 9, in a damp area 
of the cave; the bones are severely 
degraded. The only recognizable 
element (a radial head) is circled. 

Figure 15.  Individual 10, the only  child 
present in the cave.  

Figure 12.  Individual 7, an infant  
partially articulated. Long bones are 

shown by lines; axial bones are circled. 

Figure 13.  Individual 8, highly 
fragmented, covered in thick calcite and 

spread across a travertine pool. 
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