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Veni, George—Speleology in Belize: An Introduction. Journal of Cave and Karst Sudies 58(2):67-68.

SPELEOLOGY IN BELIZE: AN INTRODUCTION

GEORGE VENI
Journa Guest Editor
George Veni and Associates, 11304 Candle Park, San Antonio, Texas 78249-4421, U.SA.

Belize is a small, little known, and somewhat eccentric
country; a pocket of Creole, Mayan, and British heritage sur-
rounded by countries of predominantly Spanish origin. It mea-
sures only 300 km from its southern rainforests to the savannas
of its northern border with Mexico. From the nation’s eastern
Caribbean coast, site of the world’s second longest barrier reef,
Belizeans look nervously 100 km westward to their border
with Guatemala, which only in 1991 reluctantly relinquished
its claim that Belize was in fact a Guatemalan state.

Despite its small size, Belize has world class caves, includ-
ing some of the world's largest rooms and passages, perhaps
the greatest concentration of archaeologically significant
caves, and a diverse cavernicolous fauna that is till largely
unstudied. The country’s rich speleological potential has been
explored with increasing frequency over the past 25 years. This
theme issue was prepared to blend summaries of past work
with reports of recent efforts to bring you up to date on caving
and speleological research in Belize.

Formerly British Honduras, Belize received its indepen-
dence from Great Britain in 1981. In its struggle to develop its
economic independence, Belize has relied heavily on increas-
ing tourism, which has also increased the notoriety of its caves
and archaeological sites. Several caves are routinely visited by
adventure tours, and new caves are being sought. As caves are
discovered, many are quickly looted of ancient Mayan archae-
ological remains, which are sold on the black market.
Consequently, another purpose of this issueis to help coordi-
nate future caving in Belize by providing information on what
caving and research has already been done, encouraging spe-
cial caution and responsible behavior in the potentially sensi-
tive caves, and offering the following tips on how to cave in
Belize and minimize damage from looters:

Permission to cave or conduct cave research in Belize must be
obtained from the Department of Archaeology (DOA),
and, in some cases, the Forestry Department. Coordinate
your efforts with them prior to arriving in Belize.

Copyright © 1996 by The National Speleologica Society

Survey and photograph archaeological materials in place. Do
not handle the materials yourself! Provide the information
to DOA as soon as possible, and, if feasible, accompany
them to the site so they can properly handle, document,
and remove the materials for safe study and storage.

Do not discuss the discovery of archaeological materials out-
side of your group and DOA. Belize is a small country
where word travels fast—and often reaches looters.

Be patient and generous. Belize is a poor country with very
limited resources. Officials will often be even more frus-
trated than you at their insufficient funding, personnel,
time, and equipment to handle the many problems and
opportunities that arise. Please provide them with copies
of your notes or summaries of your findings, and don’t
forget to send copies of the final maps and reports you pro-
duce after arriving home. It makes their job of protecting
the caves easier, and insures that you'll be welcome to go
caving again in this friendly land.

The seven papersin thisissue were prepared by some of the
most knowledgeable people in Belize speleclogy. The papers
refer to a“location map” which follows this introduction, or to
Miller's Figure 4 of Belize karst areas. The location map pro-
vides general information on major physiographic and cultural
features in Belize, plus the locations of major caving areas,
research activities, or other sites discussed in the papers.

I’d like to thank the authors for their contributions to this
first-ever compendium of Belize speleology, past NSSBulletin
editor Andy Flurkey for agreeing to publish this special issue,
current editors Louise Hose and Jim Pisarowicz for guiding
this effort to publication, the anonymous reviewers for their
insightful comments, and again to the authors for reviewing
each others papers for Belize-specific glitches that other
reviewers would miss. On behalf of al of the authors, | want
to thank the government and people of Belize for hosting usin
their wonderful country, supporting our research, and working
hard to protect their priceless underground heritage.
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Williams, Nick—An Introduction to Cave Exploration in Belize. Journal of Cave and Karst Sudies 58(2):69-75.

AN INTRODUCTION TO CAVE EXPLORATION
IN BELIZE

Nick WILLIAMS
Wessex Cave Club Headquarters, Upper Pitts, Eastwater Lane, Priddy, Wells, Somerset, England BAS 3AX

Systematic speleological exploration has been taking place in Belize since about 1960. Such exploration
tends to be characterized by long term involvement by a small number of individuals, principally from
the USA, but with significant contributions from other countries, especially the UK. An estimated total
of 250 km of passage have now been mapped, ranging from low dry grovels to large, active river pas-
sage, and two of the largest underground chambersin the world. The author assigns caves to eight geo-
graphical areas and describes the history of recent exploration in each. Future exploration problems and

priorities are also discussed.

Belize islocated in the southeastern section of the Yucatan
Peninsulain Central America (see |ocation map, page 68), bor-
dered to the south and west by Guatemala, to the north by
Mexico, and to the east by the Caribbean Sea. Whilethe social
geography and modern history of the country are very distinct
from those of its neighbor countries, the physical geography is
less of a contrast. The northern part of the country is flat and
contains no known caves of significance, but the southern half
of Belize has cavesin great profusion throughout the limestone
foothills and outliers of the Maya Mountain range.

CAVE EXPLORATION BEFORE MODERN TIMES

Caves are inextricably bound up with the history of Belize,
having been fundamental to the religion of the Maya. Few do
not aready have some signs of human visitation. It rapidly
becomes apparent to the modern cave explorer in Belize that,
while virgin cave can till be discovered, evidence of the activ-
ities of the ancient Maya can be found almost everywhere, and
often substantial distances inside the caves. Relics, principal-
ly in the form of smashed shards of pottery, are very common.

In more recent times, however, the caves have held little
significance for the average Belizean, except as a source of
income for a few unscrupulous individuals who loot the arti-
facts to sell them abroad. Only in the last few years, with the
development of Belize as a major tourist destination, have the
caves started to be valued as potential sources of income in
their ownright, and it is now common for local |landowners and
international travel companies to mention caves in their pro-
motional information about the country and to provide cave
tours as part of the “Belize experience” (Hollings, pers.
comm., 1994; O’ Regan, 1991; McNatt, pers. comm., 1993).

As a result of the looting problem, the Government of
Belize has scheduled all caves as sites of archaeological inter-
est and it is necessary for all visitors, be they explorers or
tourists, to apply to the Department of Archaeology in
Belmopan for a permit before going underground. Also, much
of the cave-bearing land of Belize is located on private land

Copyright © 1996 by The National Speleological Society

and owners, understandably, will not take kindly to trespassers.
The importance of requesting permission cannot be over
stressed since failure to observe this simple courtesy can not
only land the visitor in jail, but will also eventually hasten the
destruction of many of these beautiful and exciting caves.

In deference to the achievements of the Mayaiit has become
standard practice among modern cavers in Belize to give the
caves names taken from the Mayan language. Actun is the
Mayan word for “cave” (ac- hollow, tun- stone). The choice of
a noun to describe the cave is one of the more enjoyable
aspects of the trip, and usually results in severa interesting
hours in the Department of Archaeology library in Belmopan
leafing through their Mayan/Spanish dictionary. In common
with cave culture everywhere in the world, names relating to
life after death, sorcery, bats, and religious matters tend to pre-
dominate.

MoDERN CAVE EXPLORATION

Modern caving in Belize can be traced back to about 1959
when W. Ford Young (who had been sent there by Gulf Qil to
manage their oil explorations) visited caves in several areas
(Young, 1961). Young was accompanied by Frank Norris,
another American, with a ranch in the Cayo District.
Explorations prior to the work of Young included A.H.
Anderson, who was the Archaeological Commissioner
(Pendergast, 1970), and others making archaeological investi-
gations at specific sites, but systematic exploration and map-
ping for speleological purposes was pretty much unknown and
as aresult thereis little relevant to be found in the speleologi-
cal literature prior to 1960.

After Young, cave exploration grew mainly out of the work
of archaeologists in Belize. A number of American workers
were invited to participate in archaeological programs and
because of the link between caves and the Maya civilization
that the archaeologists were studying, it was inevitable that
sooner or later cavers wishing to concentrate on cave explo-
ration and mapping would visit the country. Among these,
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INTRODUCTION TO CAVE EXPLORATION IN BELIZE

workers such as Tom Miller, Logan McNatt, and more latterly
Philip Reeder have all made considerable and long term com-
mitments to exploration in Belize. Anyone researching cave
exploration in the country rapidly comesto realize that the vast
majority of work has been done by only a few dedicated indi-
viduals and the same names crop up again and again in the lit-
erature.

MAJOR CAVING REGIONS

For the purposes of description, the caves of Belize can be
assigned to eight regions which correlate to karst areas or sub-
areas shown on the location map on page 68 and Miller's fig-
ure 4 in this issue. The boundaries of these regions are
inevitably blurred since the geology dictates that they are near-
ly all based on essentially the same limestone. The differences
between the areas are significant, however, and probably the
single most important factor is their position in relation to the
main massif of the Maya Mountains because of the effect that
this has on rainfall. The massif itself is of igneous origin and
the sedimentary rocks comprising most of the other portions of
the Maya Mountains are non-carbonates (Bateson & Hall,
1977) and contain no caves of significance. Asasummary of
significant caves in Belize, Table 1 lists the country’s five
longest and deepest.

CAVES BRANCH

By virtue of convenient location and long-term exploration,
Caves Branch stands out as a distinct caving region, while
actually a geological subregion of the Boundary Fault Karst
Area. Caves Branch River risesin the northern foothills of the
Maya Mountains and flows northeast to join the Sibun River
about halfway between Belmopan and Belize City. The river
givesits name to an area of land which is situated about 20 km

amost due south of Belmopan. Where the Hummingbird
Highway crosses the river, a farm has existed for many years
and access to the caves is relatively simple. In speleological
terms this is certainly the most intensely studied area of the
country.

The area was first explored by Young and Norris who vis-
ited St. Herman's Cave in the late 1950s. They were aso
aware of the Caves Branch River Cave and other cavesin the
area. Among the visitors to Belize they played host to were
Americans Barbara MacLeod and Dave Albert (Albert &
MaclLeod, 1971) and probably the surveyor, Charles Wright
(Wright et d., 1959). In an article for the National Geographic
magazine in 1972, Louis de la Haba mentions visiting a cave
somewhere on the Hummingbird Highway in the presence of
Young, Norris, and Dan Bellini (de la Haba, 1972). Dan
Bellini worked on the Caves Branch farm, and Department of
Archaeology recordsindicate that the site visited was known as
Pothunter’s Cave.

Barbara MacLeod returned to Belize to work for the
Department of Archaeology on a Smithsonian
Institution/Peace Corps program (Bartholomew, 1973;
Rushin-Bell, 1991). She was joined by Carol Jo Rushin, and
between 1971 and 1974 they explored several caves in the
Caves Branch area including Petroglyph Cave, a major river
conduit linked to St. Herman's Cave. In 1978, she and other
archaeologists engaged in an extensive study of Petroglyph,
the results of which are still unpublished (MacLeod & Reents-
Budet, 1995). This period could be considered the second
phase of speleological exploration in Belize, involving a num-
ber of United States cavers, principally from the Sligo Grotto
and Texas chapters of the National Speleological Society
(NSS). Amongst these visitors was Tom Miller. He later cen-
tered the field work for his PhD thesis (Miller, 1981a) at Caves
Branch where he was assisted by Mike Shawcross, Jerry Davis,

Table 1.
LONGEST CAVESIN BELIZE
CAVE NAME KARST AREA LENGTH
Cebada Cave Chiquibul 17.2km
Petroglyph-St Herman’sCave Boundary Fault (Caves Branch subregion) 17.0 km
Actun Tun Kul Chiquibul 12.2 km
Actun Chek Boundary Fault (Caves Branch subregion) 8.1 km
Actun Tunichil Muknal Boundary Fault 5.3 km
DEEPEST CAVESIN BELIZE
CAVE NAME KARST AREA DePTH
Actun Box Ch'ii’ch Boundary Fault -183m
Cebada Cave Chiquibul -155m
Actun Zotziha Boundary Fault -152m
Actun Tunichil Muknal Boundary Fault -127m
Actun Lubul Ha Boundary Fault -120m
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and Logan McNatt, a speleo-archaeologist.

In his thesis, Miller concludes that all the caves in the
Caves Branch area are hydrologically linked in some way or
another. What is commonly referred to as the Caves Branch
River system is found a few kilometers downstream from the
Hummingbird Highway bridge. This system consists of sec-
tions of deep canal, where flotation aids are required, which
occasionally break out into open jungle. A vehicle-negotiable
track from the Western Highway to Frank’s Eddy, about a kilo-
meter downstream of the Caves Branch's confluence with the
Sibun River, permits a party to be collected after atrip through
the cave making this a perfect introduction to Belizean caving.

Another important segment of the system, St. Herman's
Cave, is only five minutes wak from the Hummingbird
Highway. The cave consists of an active river passage and
downstream from the entrance can be followed through sever-
a stretches of wading and swimming in deep water to a sump
which eventually discharges into the Caves Branch River sys-
tem. Upstream also leads to a sump eventually, but before this
is reached it is possible to climb out of the water into a high
level series leading to a second entrance. This whole area has
been designated a nature reserve, and a nature trail leads from
the second entrance back to the Hummingbird Highway at the
Caves Branch Blue Hole. This is a popular public spot for
swimming and is not to be confused with the Blue Hole at
Lighthouse Reef off the coast.

McNatt also stayed in Belize on a more or less permanent
basis until 1993, first attached to the Department of
Archaeology through the Peace Corps and then latterly as an
independent speleological consultant and researcher. He pro-
vided considerable assistance to the first serious British expe-
dition to the country, undertaken by 18 members of Queen
Mary College (QMC) (part of the University of London) from
January to May 1988. The expedition spent three months
based at Caves Branch and mapped caves throughout the area
bound by the triangle formed between the Western Highway,
the Hummingbird Highway and the Caribbean coast
(Marochov & Williams, 1992). Many had not been explored
or mapped before, but some had been the subject of work by
previous expeditions (Miller, 1989a). Discoveries continue to
be made at Caves Branch— in 1988 Miller re-discovered 1,600
meters of streamway which had been lost since 1977 (Miller,
1989h), and in 1993 he added a further 5 km to the system
(Miller, pers. comm., 1994)

Caves Branch has also been the only focus of inland cave
diving activity. The Petroglyph/St. Herman's connection was
attempted by Miller in 1987, but he had to abandon the attempt
because of regulator failure (Miller, 1987). The connection
was finally proved, at the second attempt, by Jim Bowden with
assistance from the QMC team in 1988 (Bowden, 1988). It is
interesting to note that, despite considerabl e potential, relative-
ly little cave diving has been attempted in Belize. This proba-
bly reflects the redlities of lugging the necessary equipment to
the most interesting (but most remote) sites.

WILLIAMS

INDIAN CREEK

TheIndian Creek and Dry Creek basinslieinthe areato the
north of the Hummingbird Highway, northeast of Caves
Branch. This area is not really part of the Maya Mountain
range, being separated from it by the Caves Branch and Sibun
Rivers, and is a subregion of the Sibun-Manatee Karst Area
where the limestone hills are less pronounced than on the
fringe of the mountains proper. Caves here tend to be short
fragments, those at the water table being mostly river passage
while above they are usually completely dry. The terrain is
rugged and it is necessary to traverse considerable distances on
foot through the bush in order to reach the caves, although the
recent designation of Five Blues Lake as a National Park may
assist somewhat in this regard (McNatt, pers. comm., 1991)

Ford Young mentions several caves in this area in his
account (Young, 1961) including Ben Lomond (near the
Northern Lagoon), Manatee Cave, and “a group of some forty
caves in an area of limestone hills south of the Sibun River
between Gracy Rock and Indian Creek.” The disappearance of
Indian Creek into a number of cavesis noted on most maps of
the country. This is probably accounted for by the work of a
British Colonial Office survey team since Charles Wright
recalled being taken through Indian Creek Cave in a canoe
while working on a land use survey in the late 1950s (Wright,
pers. comm., 1988).

Rushin and MacL eod visited cavesin thisareain 1972 dur-
ing their work for the Department of Archaeology (Rushin-
Bell, 1982). In 1979, Miller, in the company of Mark Gutchen,
surveyed Darknight Cave which is marked on the 1:50,000
topographic maps (Miller, 1979). Miller was aso aware of
other caves close by, including Green Howards Cave which
had first been investigated by British soldiers, but it was to be
eleven years before he was able to return to map them (Miller,
1991). In the intervening years he investigated other cavesin
the area, notably K’ op Kimen Cab, explored with Linda Gough
in 1987 and 1988 (Miller, 1987), although a survey of this cave
does not appear to have been published.

Surveys of other caves on Indian Creek were published by
the 1988 QMC expedition (Marochov & Williams, 1992)
which also investigated an area to the north which the team
named “Gracy Rock.” Interms of exploration thisis a distinct
areain its own right, being accessible viathe Western Highway
rather than from the Hummingbird, and having little previous
record of exploration. However, the caves found were minor
and the area is geologically a continuation of the Sibun-
Manatee karst so it does not merit distinct status for this treat-
ment.

WHITE RIDGE

White Ridge is the name of a farm company which culti-
vates a considerable amount of land on the flat coastal plain
near Gales Point, about halfway along the coast from Belize
City to Dangriga. Like the Indian Creek areato the northwest,
White Ridge is a subregion of the Sibun-Manatee karst, but

Journal of Cave and Karst Studies, August 1996 « 71



INTRODUCTION TO CAVE EXPLORATION IN BELIZE

contrasts as a caving area because its cave-bearing limestone is
relatively easy to reach. Theterrainislessrugged than further
to the north and the farm’s citrus plantations provide cleared
land and tracks which give easy access to the edges of the low
conica hills where the caves are found.

The biggest system is that of Darby Pat and White Ridge
caves. basically a river passage with an abandoned top level
which closdly follows the line of the edge of a couple of the
cones. The cave was first discovered by Macleod and Rushin
in 1973 and partly surveyed by Miller and colleagues in 1984
(Miller, 1989a). Miller also assisted the QMC team which
extended the cave and produced the first published survey
(Marochov & Williams, 1989). QMC explored a few other
small caves in the area, including one they christened the
Mines of Moria; a single dry trunk passage passing right
through a single cone with entrances at each end (Marochov &
Williams, 1992). Other cavesin the areatend to be very limit-
edinlength, and the potential for vertical development isstrict-
ly limited since the areais very close to sealevel and the cones
are a maximum of about 40 m high.

BOUNDARY FAULT AREA

The Boundary Fault Area is the least distinct of all the
Belizean caving areas, in the sense that where it ends and the
adjacent Caves Branch subregion and Vaca Plateau karst area
begin is not readily apparent in the field. For the purposes of
this article, the Boundary Fault Area excludes the Caves
Branch subregion and adjoining karst further east, and can be
considered to include the ground extending west from the
Caves Branch watershed up to and including the Barton Creek
watershed. The principle rivers are Barton Creek and Roaring
Creek.

The limestone of the Boundary Fault Area is some of the
highest in Belize. Access to the most interesting cavesis only
possible by severa hours of jungle bashing on steep, heavily
vegetated slopes. However, the effort is well rewarded.
Situated on the northern edge of the Mountain Pine Ridge, an
area of non-carbonate rock, streams that drain onto the karst
are chemically and hydrologically suited to form significant
caves. The Boundary Fault Areais probably second only to the
Chiquibul in its speleological potential and contains some of
the most interesting caves in Belize.

Actun Zotziha is fairly typical and consists of a steeply
descending entrance series which changes to a wide, high
stream passage as the level of the resurgence is approached
(Marochov & Williams, 1989). Actun Tunichil Muknal has a
similar profile and is one of three through trips in this part of
Belize, Actun Box Ch'ii’ ch and Sunken Forest caves being the
other two (Miller, 1990a; Marochov & Williams, 1992). There
are severa other caves in dolines along the top of the lime-
stone, and resurgences can aso be explored by following the
tributaries to the major riversin the valley bottoms.

Zotziha was originaly discovered by Miller in 1985. In
1988, Miller gave directions to the area to the QMC team
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which had, like himself, already noted the potential of the area
obvious from the 1:50,000 survey. The QMC team explored
and mapped the cave to aterminal sump in 1988, and a large
Anglo-Canadian team continued the exploration of the areathe
following year (Frew, 1989; Marochov & Williams, 1992).
Among other achievements, the expedition successfully com-
pleted atraverse of the Actun Tunichil Muknal system, but was
the cause of some international tension (Miller, 1990a).

CHIQUIBUL

Undoubtedly the most spectacular caving area is the
Chiquibul, on the western side of the Maya Mountainsin close
proximity to the Guatemalan border. The Chiquibul itself is
one of the largest vanishing rivers in the Americas and explo-
rationsin this area have revealed many kilometers of enormous
passage, some wet, some dry, much of it fabulously decorated,
and all of it difficult to get to. Probably the most significant
single cave is Cebada, but thisis only part of a magjor system
which extends across the border into Guatemala (Ganter,
1990).

The area had been known to be cavernous since early in the
20th century when it was important for mahogany and log-
wood production. Ford Young notes the “ Puente Natural” (nat-
ural bridge) spanning the Chiquibul River (Young, 1961).
Wright also notes this feature and also that the average annual
rainfall of the areais up to 4.1 m (Wright et a., 1959). The
area is directly to the windward side of the Maya Mountains
and this, combined with the proximity of the impermeable
massif to concentrate rainwater runoff, and the ample, struc-
turaly strong but soluble Cretaceous limestone, leads to the
formation of underground passages of considerable dimen-
sions.

Mike Boon briefly visited the area in 1971 (Boon, 1971),
but proper exploration did not take place for a decade. While
completing work for his PhD, Miller realized that this was the
main area of promise and so he spent eight days exploring it
solo in 1982 (Miller, 1990b). Thisresulted in the organization
of amajor, inter-disciplinary expedition in 1984, funded by the
National Geographic Society and the NSS. The cave system
created by the sinking of the Chiquibul River was found to be
divided by massive collapse and sumps into four main caves:
Actun Kabal, Actun Tun Kul, Cebada Cave, and Xibaba. In
1984, exploration focused on Kaba and Tun Kul, the upper
half of the system. The Chiquibul River no longer flows
through these caves having been diverted to an impassable
route beneath. Twenty-three kilometers of large passage were
surveyed, including two of the largest rooms in the world:
Belize Chamber and Chiquibul Chamber. Exploration ended at
a deep sump at the downstream end of Tun Kul (Miller, 1984;
Weintraub, 1984).

Miller returned with another expedition in 1986, regaining
the Chiquibul River in Cebada and Xibalba (the downstream
half of the system) and added a further 27 km to the system.
Xibalba was followed right through into Guatemala to the



Chiquibul River's resurgence, an entrance measuring 200 m
wide by 80 m high (Miller, 1986). In May 1988 Miller
returned again to try to complete the work in the Chiquibul by
joining Cebadato Tun Kul. Dueto a number of problems this
was not achieved (Miller, 1988). Cebada Cave till retains the
title asthe longest in Belize at 17.2 km. A comprehensive sur-
vey was published by Steve Grundy and Olivia Whitwell in
1990.

VACA PLATEAU

The VacaPlateau isimmediately north of the Chiquibul and
forms the western boundary of the Mountain Pine Ridge. For
this paper the Plateau is considered to include the Pine Ridge's
isolated erosional remnants of limestone located atop some
hills and ridges. Certainly the earliest properly recorded cave
inthisareais Rio Frio Cave, asite of significance in the devel-
opment of archaeological study in Belize (Pendergast, 1970),
and visited frequently by cavers (Young, 1961; Albert &
MacLeod, 1971). Caves in this area are mentioned by Ford
Young (Young, 1961) but apparently were not investigated in
detail. The 1988 QMC expedition looked briefly at this area
but concluded that easier rewards were available elsewhere, so
it was not until 1990 that systematic exploration commenced
with the first of a series of expeditions led by Philip Reeder.

Reeder’s interest followed from a long series of investiga-
tions into aspects of the human and physical geography of
Belize by members of the Department of Geography at the
University of Wisconsin-Milwaukee. Prior to 1990, Dr. Mick
Day from the University had often visited Belize and, on occa
sions, engaged in karst research (e.g. Day, 1983), but Reeder’s
painstaking investigation of a large number of small caves,
many with important archaeological remains, was the first
large scale effort at serious speleological work by cavers from
the Department. Reeder, now affiliated to the University of
Nebraska at Omaha, and histeam returned again in the six fol-
lowing years and to the end of the 1995 field season had
explored about 100 caves ranging from short horizontal stoops
to caves with vertical shafts of over 100 m depth (Reeder,
1993, 1995).

During the preparatory phase of an expedition to the Little
Quartz Ridge in 1991, British cavers David Arveschoug and
Ern Hardy mapped two caves to the southwest of the village of
San Antonio (not to be confused with the village of the same
name in Toledo District) (Williams, 1992a). Then, in April
1994, Pete Hollings and three other members of the UK's
Mendip Caving Group discovered atotal of 20 caves, up to 800
m in length (Hollings, 1994 and this issue). Being very close
to the area studied by Reeder, it comes as no surprise that the
caves are similar.

ToLeDo DisTRICT

South of the Maya Mountains, there are two major areas of
interest. The first of these is centered on the village of Blue
Creek, about 25 km northwest of Punta Gorda, in the K-T Fault
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Ridges Karst Area in the southern portion of the Toledo dis-
trict. Here Blue Creek Cave is an exhilarating, wet trip and
other caves in the area have long been known for their archae-
ological significance. The second area is the Little Quartz
Ridge, 15 km north of Blue Creek and considerably more dif-
ficult to get to.

Ford Young mentions the explorations of Donald
Owen-Lewis in the Toledo district, who stated that most of the
caves in the area were quite wet and had active streams in the
lower reaches (Young, 1961). Unfortunately, neither Ford
Young nor Owen-Lewis documented discoveries in this area.
This had to wait until the second phase of exploration in
Belize, pioneered by MacL eod and Rushin in 1971-74.

With work in the Caves Branch area essentially completed
by 1979, Miller turned his attention south and, with a group
from McMaster University, explored and mapped about 4 km
of cave in the Toledo District, including Blue Creek Cave
(Miller, 1981b). On another occasion he and McNatt nearly
drowned during aflash flood (McNatt, 1982). In the company
of John Wyeth and others, Miller completed a traverse of Blue
Creek Cave to the Rio Blanco in 1984.

Miller found himself back in Blue Creek Cave ten years
later. As part of the multi-disciplinary Jason Project, led by
deep-seaexplorer Robert Ballard, Miller lectured live via satel-
lite from within the cave to school children at receiving sitesin
England and the USA (Musgrave, 1993). During the project,
Miller, Wyeth and others were also able to map further into the
cave, bringing the total surveyed length to 9 km (Miller, 1995).

British Forces stationed in Belize have had a somewhat
mixed relationship with the caves. As a result of the protec-
torate status of Belize which pertained until the beginning of
1994, the Royal Engineers were responsible for mapping in the
country. Undoubtedly some of the caves appearing on the
1:50,000 survey of the country were initially reported by mili-
tary patrols (Miller, 1991), and caves at Caves Branch were
used for “adventurous training” if an officer with caving expe-
rience was stationed in Belize at the time (e.g. Sims, 1988).
However, few British Soldiers stationed in the country under-
took any systematic exploration and very little speleological
mapping was ever done. About the only soldier who has pro-
duced any records of original research in the cavesis Sgt. Chris
Jackson, who was stationed at Salamanca Camp in 1987 and
made notes on a series of trips into Blue Creek Cave (Jackson,
pers. comm., 1991). In early 1994, having been diverted from
his original intention to visit the Chiapas area of Mexico by
impending civil war, Jackson returned to Blue Creek and was
able to complete a traverse from sink to resurgence, unaware
that this had already been completed by Miller ten years previ-
ously (Jackson, 1994).

Fifteen kilometers north of San Antonio isthe Little Quartz
Ridge, an igneous intrusion pushed up through the surrounding
limestone. In mid-1985 Percy Dougherty and crew from
Kutztown University explored the Rio Grande on the north-
eastern end of the ridge (Dougherty, 1985), working in large
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passages with lots of water. The main finds were Tiger and
Mucbe caves which had already been discovered and partialy
explored by MacL eod, Rushin, and Harriot Topsey. Dougherty
returned subsequently (Turner, 1991) but has published little
on the results of his research.

Work at the southwestern end of the ridge has been decid-
edly less successful, and it would appear that most of the
drainage is deeply subterranean. Thefirst officially sanctioned
British Forces caving expedition to the country was part of a
joint civilian/military trip led by Nick Williams (a veteran of
the 1988 QMC expedition). It attempted to explore the caves
at the southwestern end of the ridge. Despite some serious
logistical problems (Frew, 1991), the expedition managed to
reach the target sinks marked on the map, but was disappoint-
ed to discover only afew hundred meters of enterable cave pas-
sage throughout the area (Williams, 1992b). Some small caves
do exist, particularly to the south of the ridge, and some of
these contain archaeological artifacts (Matola, 1990).

OFFSHORE

None of the cayes which form Belize's barrier reef rise
more than afew meters above sealevel so caves out on the reef
areinevitably totally submerged. Many large, submerged sink-
holes also occur in the reef and are known as“blue holes” The
most famous is the Blue Hole at Lighthouse Reef, which is
some 300 m in diameter by 120 m deep. The first recorded
exploration was made by Jacques Cousteau in 1967.
Observations of the shaft were made visualy and by using a
miniature submarine, and various specimens, including alarge
detached stalagmite, were recovered to the surface (Cousteau,
1973; Mathews, 1991). In subsequent years this Blue Hole
became a popular destination for tourist divers.

Underwater caves have been explored under the cayes clos-
er to the mainland. The most significant discovery was Giant
Cave at Caye Caulker. Descriptions of the cave differ.
Mapping led by Sheck Exley in 1982 showsthe cave as a group
of 5- to 20-m-wide conduits radiating from a 50-m-diameter
room. While not completely explored, the cave's 3116 m sur-
veyed length ranksiit as the world’s longest underwater saltwa-
ter cave (Exley, 1994). However, between 1985 and 1988, sur-
vey and exploration by Jim Coke and his colleagues found
problems with the original survey and describe the cave as a
large chamber, possibly as large as 600 m in diameter (Coke,
1986, 1987, 1988). If these dimensions prove to be accurate,
the room would be the largest known in the world by a signif-
icant margin.

Later explorations at other sites of interest on the reef have
revealed Double Hole Cave off Caye Chapel, and Rio Hondo
off Ambergris Caye (Coke, pers. comm., 1989). In 1989, an
expedition led by Tom Iliffe examined the biology of the blue
holes, and mapped caves under Caye Chapel and Columbus
Caye (Sarbu, pers. comm., 1990). Iliffe reported anew species
of calanoid, atype of copepod, from Giant Cave (Fosshagen &
Iliffe, 1991).
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SUMMARY

In conclusion it may be said that there are few areas of
Belize likely to contain underground development which have
not been subject to at least cursory examination, and in some
areas work of considerable detail has been performed. The
obvious major leads are taken but there is much detailed sys-
tematic investigation still required. Thereis also a great need
for diligent publication by cavers visiting Belize for while an
increasing number of cavers are returning to places which have
been previously explored and mapped, even minor discoveries
should be documented properly. Even now in Belize there are
some significant known systems whose surveys have yet to
appear in the literature.

This, of course, poses particular problems for persons
wishing to undertake new research in Belize. Much of the
work which has been published on cave exploration has
appeared in relatively obscure caving journals, and the poor
cross fertilization between academic researchers (especialy
archaeologists) and amateur speleologists has exacerbated the
problem. It is notable that the most successful explorers to
date have been those who are able to straddle this divide.

New explorers wishing to start projects in Belize are
advised to take great care in their background research. While
the Department of Archaeology in Belmopan maintains a
library with as much material on caving as it can obtain, the
record is far from complete. Information about the detail of
what has been done in the country is often only available by
directly contacting the researchers responsible. It is hoped that
this paper may provide some assistance in that regard.
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THE VALUE OF SMALL EXPEDITIONSTO REGIONAL CAVE
RESEARCH: A RECONNAISSANCE TO THE CAYO DISTRICT
OF BELIZE

PeTE HOLLINGS

Department of Geological Sciences, 114 Science Place, University of Saskatchewan,
Saskatoon, Saskatchewan, S7N 5E2, Canada

During a five week period, 19 caves were explored by a team of four cavers comprising the 1994 Mendip
Caving Group (MCG) expedition to Belize. Sx sizable caveswereidentified in the Cretaceous limestone,
west of the Maya Mountains, and surveyed a total length of 2.5 km. Time spent in thefield is broken down
so as to show both the advantages and disadvantages of a small-scale expedition. Suggestions are made
as to how future groups could benefit from the experiences of the expedition with regard to conducting
significant research with a small team. The MCG expedition is compared to other larger expeditions,
with the results showing that lightweight expeditions are more easily financed and organized than larg-
er expeditions; however, they may not be suitable if detailed scientific studies are intended.

There has over recent years been a trend toward smaller,
lightweight expeditions in the caving world, with groups com-
monly taking only the equipment they can carry on the aircraft,
rather than shipping large quantities of equipment out in
advance. This paper isintended to provide a detailed analysis
of both a lightweight and large scale expedition in order to
demonstrate the significant contribution that can be made by
the former to regional research, and to help others planning
similar expeditionsto avoid the mistakeswe made. Theresults
and logistics of the Mendip Caving Group (MCG) expedition
to Belize will be discussed in order to provide a basis for com-
parison. The two larger expeditions examined in detail were
also based in the United Kingdom (UK) and, consequently,
were faced by similar obstacles and expenses.

During March and April 1994, four members of the MCG
conducted a cave reconnaissance expedition to Belize. The
intention was to investigate the area around San Antonio, Cayo
District (see location map, page 68) with aview to mounting a
larger expedition should the area warrant it. Thiswas the first
expedition for al of the team members and proved to be a con-
siderable learning experience.

The team spent five weeks in the field and in that time
investigated 19 sites. While 13 of these proved to be small fos-
sil caves or shalow choked pits, six sizable caves were also
found. Descriptions and surveys of these caves have been pub-
lished elsewhere (Francis et al., 1995; Hesketh, 1995;
Hollings, 1994). Intotal 2.5 km of passage were surveyed, the
longest single cave being the 840-m-long Cool Spot Cave
(Figure 1). Perhapsthe most interesting area was the Valley of
the Caves where Actun Mai was connected to Tzonot, with fur-
ther potential for connecting Actun Hoyanko and Cueva del
Indio Perdido into the system (Figure 2). As far as the team
was aware, we were the first to map any caves in this area,
athough archaeological evidence proved that we were by no
means the first to enter the caves. On returning to the UK we
learned that Cocohil Cave (also known as Gibnut Cave) had
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Cool Spot Cave
Cayo District, Belize

Surveyed to BCRA Grade 3¢

Surveyed by: J. Flavell, T. Francis,
J. Hesketh & P.Hollings

Drawn by: P. Hollings

Figure 1. Cool Spot Cave.

been previously mapped both by Tom Miller in 1970 and Carol
Vesely and Bill Farr in 1986 (Miller, pers. comm., 1995).
Some of the smaller caves were shown to the team by local
farmers who provide this service to tourists as a means of sup-
plementing their income. The seven caves surveyed had not
been used in this way and represent 95% of the cave passage
the expedition explored in the region.

Copyright © 1996 by The National Speleological Society



Cayo District, Belize bt o
Surveyed 10 BCRA Grade 3¢ )

Valley of the Caves ﬁ‘m

Surveyed by: J. Flavell, T, Francis,
J. Hesketh & P.Hollings
Drawn by: P. Holtings

Figure 2. Valley of the Caves.

ANALYSIS OF LOGISTICS AND FIELD RESULTS

The expedition was intended as a reconnai ssance which, as
defined by White (1986), would imply only superficial exami-
nation of the area and rough surveys. However, the nature of
the area and the assistance of local hunters meant that far more
was achieved than was originally hoped, with six caves being
fully explored and surveyed. The area around San Antonio
was thoroughly investigated, but many leads were left unex-
plored due to alack of time. This highlights one of the princi-
pal problems of an expedition of this scale, that the expedition
had limited manpower and we were unable to do everything we
would have liked. The expedition log book shows that 122
person-days were spent in Belize; of these 46% were spent
caving, 23% as rest days, 21% in administration, and 10% for
illness. This is comparable to the 1992 Caves of Thunder
expedition to Irian Jaya, which spent 27% of it's time on
administration, 25% accessing the area and caving, and lost
6% to illness (Boothroyd et al., 1993). Our genera lack of
experience meant that we carried out most activitiesasagroup.
By splitting the team into smaller groups we could have
reduced the number of days spent on administration. Also the
contacts we made would reduce the time a follow-up expedi-
tion would be required to spend in thisway. With asmall team
rest days were unavoidable, as after five days of exploration
and surveying it was difficult to summon up the energy or
enthusiasm to continue, particularly toward the end of the
expedition. The days lost to illness were generally caused by
stomach problems. One member had arrived via Mexico and
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Typical terrain within the field area. Photo by Pete
Hollings.

Pete Hollings at the entrance to Mai's Cave. Photo by
Julian Flavel.
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was afflicted throughout the expedition by diarrhea he aquired
there. The rest of the team were al struck down with diarrhea
at some point; however, the one person using an iodine-based
water purification tablets (“Aqua Pura’) suffered less than
those using a chlorine-based product (“Puritabs’). This indi-
vidual only accounted for one sick day and experienced less
severe symptoms. The days lost through illness tended to
increase the work load for the others by magnifying the fatigue
factor, but there was little else that could have been done to
avoid these problems.

While the members of the expedition were either geogra-
phers or geologists, the scientific observations were limited.
This was partially due to how the group perceived the expedi-
tion, as we had no particular scientific goals other than to
explore and map caves. However, it is aso al that can rea
sonably be expected of a group without the necessary training
to become involved in detailed scientific projects, such as
those involved with an archaeological excavation. Instead the
MCG expedition concentrated on providing a basic descriptive
record of the area through surveys, photographs and published
reports, as recommended by Smart (1986). For example the
surveys revealed a conjugate northeast/southwest and north-
west/southeast trend to the cave passages, similar to that
mapped in the Chiquibul River drainage basin of the northern
Vaca Plateau (Reeder, 1992, 1993). However, observations as
to the general nature of the caves differ from those of Reeder
(1993); longer horizontal caves were located in the valley bot-
toms, while caves higher on the valley sides were characterized
by shafts as deep as 20 m.

Five sites of archaeological significance were also identi-
fied, the small fossil caves high in the valley sides commonly
containing pot and bone fragments. The inclusion of an
archaeologist within the team would have alowed a more
detailed study of these items; however, it would aso have
meant that the cave reconnaissance of the area would have
been less thorough, as time would have been spent investigat-
ing the archaeology rather than locating caves. Future expedi-
tions may wish to investigate the possibility of a closer liaison
with the staff of the Department of Archaeology in Belmopan.
With the increasing interest in ecotourism in Belize as well as
the large number of groups conducting archaeological studies
in the area, perhaps this will be possible in the future. Given
the limited time available to the expedition, the team concen-
trated on surveying the larger active caves. The presence of pot
sherds, some nearly intact polychrome vessels, and bone frag-
ments found in the fossil cave was reported to the Department
of Archaeology, hopefully insuring the preservation of these
sites for future study.

The caves that were mapped contained a varied fauna
including bats, fish, crabs, and numerousinsects. Theteam did
not have the necessary training to identify the biota; however,
this is one area where, with a little more planning, some
research could easily have been conducted. It is relatively
straight forward to collect specimens for later identification.
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Simple notes were recorded in survey and log books and this
information was passed on to cave biologist James Reddell at
the Texas Memoria Museum.

So far | have highlighted the problems faced by a small
expedition, yet it is my belief that these are far outweighed by
the benefits. To demonstrate this point, | have chosen to exam-
ine two other UK -based expeditions, partly because they offer
a good base for comparison due to the similar costs involved,
and also because they are the only expeditions for which suffi-
ciently detailed statistics were available. The amount of pas-
sage surveyed has been chosen as an indicator of the level of
success simply because cave exploration was the principal goal
of the three expeditions. The Queen Mary’s College (QMC)
Below Belize ‘88 expedition represents a large scale expedi-
tion, with 18 members and a budget of £35,000, while Below
Belize ‘91 falls somewhere between a large scale and light-
weight trip, due mainly to the fact that it was ajoint expedition
organized with the British Army (which was stationed in
Belize), and thus received extensive logistic support.

One of the advantages of a lightweight expedition is shown
by the fact that the MCG expedition was organized in under
four months, while the QMC Below Belize ‘88 and Below
Belize ‘91 expeditions took almost two years of planning
(Williams, 1990, 1992). There seem to be two main reasons
for this: our expedition had no need to raise large sums of
money, nor did we have to worry about shipping large volumes
of equipment to Belize in advance. Table 1 provides a more
detailed comparison of the expeditions. Data from North
American expeditions also supports this view; the Chiquibul
1984 expedition, which raised $13,000 from outside the expe-
dition members, took three months to organize, while the trip
to the Indian Creek area took one month and was self-funding
(Miller, 1984, 1991).

The majority of UK-based expeditions to Belize, prior to
that of the MCG, received some level of assistance from the
British Army. Below Belize ‘91 was a joint expedition that
included army personnel and consequently had access to
extensive logistic support that included helicopter flights into
the field area (Williams, 1992). A small expedition has no
need of this level of support, although the knowledge that the
support was there in case of emergency was comforting. This
support was also not available to U.S.-based cavers who have
worked extensively in Belize for many years (Williams, this
issue); thus, comparisons with North American-based expedi-
tions are not really useful in this context because of the differ-
ent logistics involved. For example it is possible for North
Americans to drive their own vehicles into Belize thus reduc-
ing shipping and transport costs while increasing the flexibili-
ty of the expedition. This flexibility was possible for the 1988
and 1991 British expeditions because the former shipped two
vehicles to Belize while the latter had access to military sup-
port. The high cost of vehicle hire in Belize, combined with
the poor reliability of these vehicles (Williams, pers. comm.,
1995), meant that this was not an option for the MCG expedi-
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Table 1. Comparison of the Mendip Caving Group, Queen Mary's College (Williams, 1990) and Below Belize ‘91

(Williams, 1992) expeditions.

Mendip Caving Group, 1994

Queen Mary’s College, 1988

Below Belize, 1991

Four month planning period.

Two year planning period.

Two year planning period.

One month spent in the field.

Four months spent in the field.

Two months spent in the field.

2.5km of cave passage surveyed.

20km of cave passage mapped.

900 m of cave passage mapped

A budget of £3,275 of which all A budget of £35,000 of which A budget of £7,800 of which
but £700 was contributed by £18,000 was contributed by £6270 was contributed by
expedition members. expedition members. expedition members.
No shipping of equipment. Shipped 8 tonnes of equipment, No shipping of equipment

including two Landrovers

No need for logistical support in
the field.

Received support from the British
Army, including transport of
equipment and personnel and the
loan of radios. Were also able to
arrange helicopter reconnaissance
flights.

Joint expedition with the British
Army so were able to arrange
transport, accommodation and the
loan of radios. RAF Puma
helicopters were used to transport
personnel to the field area.

Four man team with no medical
or scientific background.

Eighteen member team with
medical experience and the ability
to mount two biological projects
as well as a number of
geographical ones.

Sixteen member team including
trained medical personnel.

Relied on local transport which
was not always convenient and

Supported by two Landrovers
shipped from the UK.

Trucks, Landrovers and
helicopter support all provided by

could have been a problem had an
accident occurred.

the British army

tion. In general, the costs incurred by expeditions from North
Americaare lower than from the UK: ~£180-200/person/expe-
dition month (Miller, pers. comm., 1995), compared to about
£500/person/month for Below Belize ‘88 (Williams, 1990) and
£820/person/month for the MCG expedition (Francis et al.,
1995).

A small expedition also has the advantage that it can more
easily adapt to the community around it. We found that we
were quickly accepted by the people of San Antonio, who were
at first curious and then enthusiastic about the aims of the
expedition. As aresult we were informed of more leads than
we had time to investigate.

CONCLUSIONS

The MCG expedition was able to achieve results compara-
ble, and in some cases superior, to those of much larger efforts
(Table 2), with the quantity of cave surveyed being also a
reflection of the nature of the cavesin the area. Thisisdemon-
strated by the Chiquibul 1984 expedition which mapped 23 km
in 45 days (Miller, 1984), and is particularly truein the case of

the Below Belize ‘91 expedition which only surveyed 28
m/person/month, emphasizing the value of small, lightweight
expeditions in a reconnaissance role. Had the team been
increased to six, possibly by the inclusion of a photographer
and an archaeologist, the expedition could probably have
achieved even more with little loss of efficiency. Asit stands,
data were collected that should be of use to others working in
the area, as well as increasing the database on Belizean caves
and locating an area for further exploration.
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Table 2. Comparison of theresults of the Mendip Caving Group, Queen Mary’s College (Williams, 1990) and Below Belize

‘91 (Williams, 1992) expeditions.

Mendip Caving Group, 1994 | Queen Mary’s College, 1988 Below Belize, 1991
Cost of expedition per kilometer of survey.
£1310 per kilometer. £1750 per kilometer. £8670 per kilometer.
Quantity of survey.
625m/person/month. 277m/person/month. 28m/person/month
Time spent in planning versus time in the field.
4:1 6:1 12:1
Number of scientific projects.
Zero Four Zero
REFERENCES America. Unpublished report to the Commissioner of

Boothroyd, C., Checkley, D., Gill, D., Gregory, A., Jones, S,
Newman, G., Senior, K., Willis, S. and Wyeth, J. (1993). Caves of
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Francis, T., Flavell, J., Hesketh, J. and Hollings, P. (1995). Belize 94.
Mendip Caving Group Occasional Publication No. 1. 34 p.

Hesketh, J. (1995). Mendip in Belize. Descent 124: 28-29.
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40-43.
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Caver 23(1): 19-30.
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CAVE ARCHAEOLOGY OF BELIZE
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Approximately 300 caves have been documented in Belize in the past 100 years. These include 198 reg-
istered archaeological sites. Ethnohistoric, ethnographic, iconographic, and archaeological sources
indicate the importance of caves in Maya culture over a period spanning at least 1,500 years. The few
analyses of ceramics from Belize caves indicate use predominantly during the Late/Terminal Classic and
Early Postclassic (A.D. 600-1100). A wide array of archaeological evidence such as ceremonial dumps,
burials, art, and artificial construction support the idea that caves were used primarily for ceremonial
activities. Looting isa major problem, and lack of funding seriously compromises not only the protec-
tion of cave sites, but also the preservation of materials and publication of the information recovered by

archaeological research.

Our understanding of the importance of caves within Maya
culture comes from three major sources. ethnohistoric
accounts, ethnographic studies, and archaeological reports.
The ethnohistoric and ethnographic sources address almost
exclusively the Maya of Guatemala and Mexico. However,
many aspects of Maya culture were sufficiently similar
throughout the region that these sources can also be applied to
Belize. They have been summarized extensively by various
authors (Thompson, 1959, 1970, 1975; Pohl & Pohl, 1983;
Schele & Miller, 1986; Bonor, 1986, 1989; Bassie-Swest,
1991; Brady, 1989). In addition, recent advances have been
made in interpreting cave and underworld themes in Maya art,
iconography, and epigraphy (Coe, 1978; Schele & Miller,
1986; Bassie-Swest, 1991).

In general, the Maya believed that caves, as well as stand-
ing bodies of water, were entrances to the underworld known
as Xibalba. This is a watery place inhabited by numerous
unpleasant deities representing death, disease, old age, sacri-
fice, decay, and foul smells. Souls of the dead are required to
journey through the nine levels of Xibalba, suffering numerous
tests of wisdom and courage. The Sun himself successfully
completes this journey each night, taking the form of the
Jaguar God of the Underworld. Caves also have a very con-
trasting and positive aspect as the source of clouds, rain, thun-
der and lightning, and are thus associated with life, fertility,
and rebirth. In the Maya world, caves were not simply inani-
mate physical features, but rather living manifestations of spir-
itual power. Associated with the important cycles of both life
and death, caves were logical places for rituas and cere-
monies. One cannot help but respect the courage of the Maya
who ventured far into these realms of darkness, perhaps in
small groups guided only by the light of their torches, and bur-
dened not only with their physical offerings but also with the
considerable weight of their religious beliefs.

Archaeological investigations have great potential to fur-
ther increase our understanding of the Maya by studying the
physical evidence left in caves. 1n 1983, the number of record-
ed archaeological sites in the Belize Department of
Archaeology files was 403, of which 86 (21.3%) are caves
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(Gutchen 1983). By August 1995, the number of registered
cave sites had increased to 198 (Bonor, pers. comm., 1995),
and ongoing projects are constantly adding new discoveries.
The exact total is uncertain, because some caves have been
recorded under different names, and multiple entrances to one
cave system have often been recorded as separate sites. An
additional problem is distinguishing between rockshelters and
caves, since that distinction is sometimes not clear in the
Department of Archaeology site files or in published reports.
Unless noted otherwise, this paper deals exclusively with
Belize caves extending beyond the daylight zone, rather than
rockshelters. Unfortunately, very few of these sites have been
intensively investigated, and only a handful of thorough cave
archaeological studies in Belize have been completed or pub-
lished. Inthisreport, | provide a selective review of the avail-
able archaeological information regarding Belize caves. Note
that some information—particularly regarding burials—is pre-
sented in general terms because of the threat of looting. Many
caves in Belize are located on government or private land, and
permission to visit them should first be obtained from the
appropriate authorities, such as the Department of
Archaeology, Forestry Department, and/or private landowner.

HISTORY OF ARCHAEOLOGICAL RESEARCH

1884-1954

The earliest published reference to archeological materials
from acave in Belize is by Lefroy (1884), who describes pot-
tery from acave near Garbutt’s Falls on the Belize River, in the
Cayo District. In an unpublished 1897 letter, Cayo District
Commissioner FL. Davis refers to approximately 44 vessels
that he removed from a cave near Benque Vigjo (Thompson,
1975). From 1894 to 1930, however, virtualy all of the pub-
lished information about Belize cave archaeology was written
by Thomas Gann, a British Colonial Medical Officer. He was
not an archaeologist, but had a strong interest in the ancient
Maya, including their use of caves. Because his work required
travel throughout the country, Gann was able to investigate
caves near San Ignacio, Benque Vigjo, and Arenal in the west-
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ern Cayo District (1894-95, 1925, 1929), near Sartengja and
Blue Creek in the Orange Walk District (1896-97, 1918), near
Churchyard in western Belize District (1929), on Indian Creek
which marks the boundary between the Belize and Cayo
Districts (1929), and near San Antonio and Laguna in the
Toledo District (1925, 1929). (The “caves’ he describes at
Sarteneja and Blue Creek may have been artificially dug rather
than natural.)

Gann aso participated in the first formal institutional work
in Belize cave archaeology, as part of the 1928 to 1930 British
Museum Expedition to the Pusilha ruins and caves in the
Toledo Digtrict (Gann, 1928, 1930; Joyce et al., 1928; Joyce,
1929; Gruning, 1930; Gann and Thompson, 1937). Because of
his extensive pioneering contributions, Gann probably
deserves the informal title of “grandfather” of Belize cave
archaeol ogy.

During this early period, only one other institution was
involved in Belize caves. In 1928, the Museum of the
American Indian funded Gregory Mason's investigations in
Rio Frio Caves A, B, and C, and Chikin Ac Tun in the
Mountain Pine Ridge of the Cayo District (Mason, 1928,
1940).

The years from 1931 through 1954 represent a hiatus in
cave research, other than a one day visit in 1938 by British
civil servant Alexander Hamilton Anderson to Awe Caves (now
known as Las Cuevas) in the Chiquibul area (Anderson, 1952,
1962). It is important to realize, however, that caves were
being discovered and at least partially explored during this
period by the few people going “back-a-bush”—the game
hunters, chicleros, loggers, surveyors, geologists, and Forestry
Department personnel. Modern cavers have often followed old
overgrown logging roads to “discover” caves, only to find
nearby sapodillatrees (Achras sapota) marked by the chicleros
and stumps of large mahogany trees (Swietenia macrophylla
king) removed by the loggers. Caves with names such asAwe,
Casconil, and Eduardo Quiroz are tributes to the forest guards
and others who first found them.

1955-1970

The Department of Archaeology was established in 1955
with A.H. Anderson as the first Archaeological Commissioner
(hereafter referred to asA.C.) from 1957 to 1967. Like Gann,
he was not a trained archaeologist, but his keen interest in
caves proved to be a powerful forcefor cave archaeology inthe
country. Anderson was aided in his work by two American
spelunkers living in Belize, W. Ford Young and Frank Norris,
who discovered and explored many caves with archaeological
remains, primarily in the Cayo District. During this same peri-
od, British Liaison Officer Don Owen Lewis was locating
numerous caves in the Toledo District (Young, 1961).

In 1957, with Anderson’s assistance, the British Museum
excavated Las Cuevas/Awe Caves (Digby, 1958a, 1958b).
From 1957 to 1961, Anderson also conducted limited collec-
tions and excavations in Cubeta Caves, Eduardo Quiroz Cave,
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and Rio Frio Cave E (Anderson, 1962). Sadly, many of his
notes and collections were damaged or destroyed by Hurricane
Hattie in 1961, and he was not able to publish his findings
before his retirement and death in 1967.

Fortunately much of Anderson’s work was published and
carried on by David M. Pendergast, an American who became
the primary figure in Belize cave archaeology throughout the
1960's. In 1961 he was taken to several caves in the Cayo
District by Anderson (Pendergast, 1962). Thistrip resulted in
his 1963 excavations at Eduardo Quiroz Cave (Pendergast,
1964, 1971). In 1964 he conducted excavations in Actun
Balam (Pendergast, 1966, 1969) and in 1967 became Acting
A.C. when Anderson retired. Subsequent publications include
a general summary of Anderson’s work (Pendergast, 1968a),
the description of a vessel recovered from Cubeta Cave
(Pendergast, 1968b), the results of Anderson’s work in Rio
Frio Cave E (Pendergast, 1970), and an account of his own
1970 investigations of Actun Polbilche (Malone, 1971;
Pendergast, 1974).

Continuing the tradition of Anderson and Pendergast, the
German archaeol ogist Peter Schmidt (A.C. 1968-1971) report-
ed on his 1970 excavations in the small but important cave of
Uchentzub in the Cayo District (Schmidt, 1978). Schmidt also
made a lasting contribution by beginning a formal cataloging
system of sites and artifacts within the Department of
Archaeology. He recorded many cave sites by reviewing
Anderson’s notes and letters as well as the published literature.

1971-1979

Two significant events occurred in 1971 and 1972. Joe
Palacio became the first Belizean-born A.C. (1971-1976), and
the Department of Archaeology hired two American cavers,
BarbaraMacL eod and Carol Jo Rushin, as Peace Corps volun-
teers (1972-1975). Together with Archaeological Assistant
Harriott Topsey and Wildlife Conservation Officer Lucilo
Sosa, they documented numerous archaeological findsin caves
throughout Belize (MacLeod, 1974, 1978; Rushin, 1974,
Rushin-Bell, 1982). One of the more spectacular discoveries
during this period was made by a non-caver Peace Corps vol-
unteer, Kim Kennedy, who in 1973 found 24 complete or near-
ly complete vessels placed in front of an altar in Hokeb Hain
the Toledo District (anon., 1973; Palacio, 1977a, 1977b).

The presence of MacLeod and Rushin had a significant
long-term impact in that it attracted visits from other foreign
cavers, primarily from the United States. Tom Miller made his
first cave archaeology discovery in Blancaneaux Cave on his
first visit in 1973 (Halliday, 1973). Miller returned to conduct
his doctoral research on the karst hydrology and morphology
of the Caves Branch area from 1976 to 1979 (Miller, 1981).
An important result of his research was the discovery of
numerous large caves with important archaeological sites that
were reported to the Department of Archaeology. MaclLeod
returned to Belize in 1978 with Dorie Reents to co-direct the
Petroglyph Cave and Caves Branch Valley Project (Reents,



1980a, 1980b; Reents-Budet & MaclLeod, 1986). Elizabeth
Graham, an archaeologist from the United States (Acting A.C.
1977-1979), organized excavations in Actun Chek in 1979
(Graham, McNatt & Gutchen, 1980).

1980-1989

As aresult of the groundwork laid in the 1970s, and the
continuing cooperation between the Department of
Archaeology and foreign cavers, the 1980's saw an explosion
of caving expeditions to Belize. Harriott Topsey, the second
Belizean-born A.C. (1979-1995), and several Acting A.C.'s
supported and occasionally conducted cave archaeology work.
The Department also requested my services as a caver-archae-
ologist through the Peace Corps from 1983 through 1986. One
of the projects that included cave archaeology as a primary
research goal was the series of Chiquibul expeditionsin 1984,
1986, and 1988, partially funded by the National Geographic
Society and directed by Tom Miller. Caverslocated numerous
archaeological remains inside Actun Kabal and Cebada Cave,
two of the longest and largest caves in Belize (anon., 19863,
1986b, 1987; Crittenden, 1987; McNatt, 1984; Miller, 1984,
1986h, 1986¢, 1988; Stone, 1984; Weintraub, 1984).

Another project was the 1988-92 Maya Ceremonia Caves
Project, funded by Earthwatch in conjunction with the NSS
Maya Caves Project (Schaeffer & Cobb, 1988). Based at
Laguna Village in the Toledo District, it located approximate-
ly 60 caves, 44 of which had archaeological remains (Walters,
n.d., 1988a, 1988h, 1989). Other major projects that found
archaeological remains as a byproduct of cave exploration
include the 1984 to 1988 Rio Grande Project in the Toledo
District (Dougherty, 1985, 1986; Miller, 1986a), the 1988
Queen Mary College Speleological Expedition, and the 1989
British Speleologica Expedition (Marochov & Williams,
1992).

Two additional discoveries were made in the Cayo District
during the 1980s and deserve mention. 1n 1986, aburial cham-
ber was found in Actun Tunichil Muknal (Miller, 1989,
1989h, 1989c, 1989d, 1990; Roberts, 1990). Another impor-
tant cave, Chechem Ha, found by a hunter ca. 1989, contains
64 complete vessels and several ceremonial features (anon.,
1990; Hun, 1992; Kirk, 1993; Williams, 1992a, 1992b).

1990-PRESENT

The Department of Archaeology continues to be active in
cave research. Belizean archaeologist Paul Francisco docu-
mented several cavesin the Toledo District as part of the 1990
Columbia River Forest Reserve Expedition (Matola, 1991).
Jaime Awe of Belize (A.C. 1976-1977) was the archaeol ogist
in “Journey Through The Underworld,” a 30 minute television
documentary film on Belize cave archaeology/biology
(National Geographic Society, 1995). Juan L. Bonor, a cave
archaeologist from Spain, is currently working for the
Department and excavating caves in the Caves Branch area
(Bonor, 1994, 1995, pers. comm., 1995; Bonor & Martinez,
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1995).

Two current projects from the U.S. have included cave
archaeology as part of their objectives. Philip Reeder has
directed speleological and geomorphic investigations in the
northern Vaca Plateau of the Cayo District since 1990. His
teams have located over 100 caves, many of which contain sig-
nificant remains of the ancient Maya (Reeder, 1990, 1991,
1993, 1995, pers. comm., 1995). In the Toledo District, the
Maya Mountains Archaeological Project began in 1992 under
the direction of Peter Dunham, and has also made very impor-
tant discoveries in caves (Dunham, 1995, pers. comm., 1995;
Prufer, 1995, pers. comm., 1995, 1996).

Judging from the first 100 years of archaeological investi-
gations in the caves of Belize, it can be stated with certainty
that many more important discoveries will be made in the
future. Every piece of evidence, when properly documented,
adds to our knowledge of the ancient Maya and their use of
caves.

CHRONOLOGY

One of the most important questions to answer about cave
sites is determining the dates when they were used. Ancient
Maya culture has been divided into three major periods:
Preclassic, Classic and Postclassic (Table 1).

Dating of cave sites presents some unique problems.
Stratified deposits are often not present because the under-
ground environment is not subject to the usual above-ground
processes of weathering and natural deposition that can sepa-
rate cultural layers. Despite public perception, rockfalls in
caves are geologic events that are sporadic rather than com-
mon, and of little relevance to most cave sites. Mgjor floodsin
active river caves tumble and break artifacts rather than pre-
serve them under alayer of sediment. The most obvious form
of natural deposition in many cave sites is the calcite deposit-
ed by dripping water. Artifacts are often covered in a calcite
crust, and may even have stalagmites growing on top of them.
No isotopic dating of speleothems on artifacts has yet been
conducted, but the rate of calcite deposition varies tremen-
dously in both space and time, so the results probably could
not be generalized.

Table 1. Chronology of Maya Cutural Periods.

Modern: 1841 - Present
Historic: 1541 - 1841
Postclassic: 900 - 1541

Late Classic: 600 - 900

Early Classic: 250/350 - 600
Protoclassic A.D. 100 - 250/350

300B.C.-A.D. 100
900 - 300 B.C.
1800/1400 - 900 B.C.
pre-1800/1400 B.C.

Late Preclassic:
Middle Preclassic:
Early Preclassic:
Archaic:
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To give a hypothetical example, imagine finding two com-
plete ceramic vessels placed next to each other on aledge. One
was placed under an active drip, which has deposited a one
meter tall stalagmite on top of the vessdl; the other was not
placed under a drip and does not have any calcite deposition.
Because of their close association, one might at first assume
that the vessels were put in place at the same time. However,
the styles of the vessels indicate that one of them was made in
Early Classic times, ca. A.D. 200, while the other was made in
early Postclassic times, ca. A.D. 1,000, although the date of
manufacture does not necessarily indicate the date of place-
ment. Fortunately, both vessels contain charcoa and other
organic material that can be radiocarbon dated. The radiocar-
bon dates closely approximate the dates of manufacture,
strongly suggesting that the vesselswere placed on the ledge at
two discrete times, separated by about 800 years.

The above example refers to the two means by which cul-
tural remains in Maya cave sites are dated. By far the most
common technique is relative dating of pottery based on
changes in styles of manufacture, form, and decoration. This
method depends on comparisons with ceramics excavated
from stratified deposits at surface sites, but there are limita-
tionsto this approach. For example, the most common form of
vessel found in most cavesisthe olla or storage jar. Although
this particular form has awide range of sizes, only minor vari-
ations occur in shape and decoration, and the basic style
remains consistent throughout a very long time span.
Assigning dates to such vessels is often problematic. Other
limitations of this method include the local variation in styles
from region to region, and the frequent lack of comparative
material from nearby surface sites that may be linked to use of
the caves.

Radiocarbon dating of organic cultural remains can provide
more absol ute dates than comparative dating of ceramic styles.
Although wooden artifacts and cultural vegetal remains such
as maize or seeds are rare, human bone is relatively common,
and charcoal from torches (generally recognized by archaeol o-
gists as pitchpine) and hearths is plentiful in many cave sites.
Surprisingly, only two radiocarbon dates could be found in the
published reports on Belize caves (Pendergast 1970, 1974).
Processing radiocarbon samples is expensive because of the
special facilities needed. The analysis of ceramics and other
artifacts is also expensive because of the time involved and
specialized knowledge required.

PrecLAssIC (1800 B.C. - A.D. 200)

One probable Late Preclassic sherd was found in Eduardo
Quiroz Cave (Pendergast, 1964, 1971), and several sherds
from the same period were recovered from Caves Branch Rock
Shelter (Bonor, 1994, 1995, Bonor & Martinez, 1995).
Preclassic ceramics have been found in cavesin al of the areas
adjacent to Belize: Yucatan, Mexico (e.g. Brainerd, 1958),
Guatemala (e.g. Brady, 1989, 1991), and Honduras (e.g. Healy,
1974). The small number of Preclassic ceramics known from
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Belize caves is probably a result of the incomplete nature of
archaeological investigations, rather than the lack of cave use
during this period (Brady, 1995, pers. comm.).

EARLY CLAssIC (A.D. 200 -600)

Ceramics from this period have been found in Eduardo
Quiroz Cave (Pendergast, 1964, 1971), Caves Branch River
Cave (MacLeod, 1974, Reents, 1980b), and Caves Branch
Rock Shelter (Bonor, 1994, 1995; Bonor & Martinez, 1995).
They make up 38.1% of the vessels represented in Petroglyph
Cave (Reents, 1980a), perhaps indicating that this was the
main period of usefor thiscave. Inthe Toledo District, Walters
(1988b, 1989) mentions Early Classic ceramics from cavesin
the Actun Dzib, Blue Creek, and Deep River areas, but no
detailed descriptions have been published. Prufer (1995, pers.
comm., 1995) reports finding a cache of Early Classic vessels
in a cave in the Toledo District.

LATE CLAssic (A.D. 600 - C.A. 800)

Several of the most beautifully painted and unique vessels
found in Belize caves date from this period, including two that
have appeared on Belize postage stamps. The polychrome
“Hokeb Ha vase” was one of twenty-four complete or nearly
complete vessels found as an offering in the Toledo District
(Palacio, 1977a, 1977b). The polychrome “Actun Balam vase”
was partially reconstructed from a looted ceremonia cave
deposit in the Chiquibul area (Pendergast, 1966, 1969). These
are exceptional examples of apparent elite items not common-
ly found in Belize caves. Only “sparse” Late Classic evidence
was found in the 44 cave sites documented by the Maya
Ceremonial Caves Project in the Toledo District (Walters,
19883, 1988b, 1989). Late Classic materials were also report-
ed from Uchentzub (Schmidt, 1978), and may represent the
main period of usein Eduardo Quiroz Cave (Pendergast, 1964,
1971) and Rio Frio Cave E (Pendergast, 1970). The oneradio-
carbon date from Rio Frio Cave Eisonly dightly later, at A.D.
830. One partia vessel was recovered in Batty's Cave
(Pendergast, 1974) and another in Actun Polbilche, as well as
a radiocarbon date of A.D. 625 from Actun Polbilche
(Pendergast, 1974). In Petroglyph Cave, 32.9% of the ceram-
ic collection was Late Classic, adight decrease from the Early
Classic (Reents, 1980a). Late Classic ceramics have also been
found in Caves Branch Rock Shelter (Bonor, 1994, 1995;
Bonor & Martinez, 1995).

TERMINAL CLASSIC/EARLY PosTCLASSIC

(CA.A.D. 800 - 1100)

Ceramics from this transitional period are dominant in
Actun Balam (Pendergast, 1966, 1969), Actun Chek (Graham,
McNatt, and Gutchen, 1980), Actun Polbilche (Pendergast,
1974), and Las Cuevas (Digby, 1958a, 1958b). The latest
ceramics in Eduardo Quiroz Cave (Pendergast, 1964, 1971)
and a vessdl from Cubeta Cave (Pendergast, 1968b) also date
tothistime. Schmidt (1978) places major use of Uchentzub in



the Postclassic, although contradictory datafrom major surface
sites made it difficult for him to be sure which subdivision of
the Postclassic was indicated. Several forms of vessels from
unspecified caves in the Toledo District are also tentatively
dated to this period (Walters, 1989). Petroglyph Cave contin-
ues to show a slight decrease in the number of vessels repre-
sented through time, but the Terminal Classic is still significant
at 29% of the total collection (Reents, 1980a).

Historic (A.D. 1541-1841)

No cultural remains, Mayan or other, from this period have
been documented in Belize caves, which is surprising given the
complex history of the country during the colonial era.
However, occasiona first-hand accounts persist of finding
Spanish gold and weapons in caves (Pedro Reyes, pers.
comm., 1992).

Uses oF CAVES

Thompson (1959, 1975) lists the following major uses of
caves by the Maya: 1) sources of drinking water, 2) sources of
“virgin water” for religious rites, 3) religious rites, 4) burias,
ossuaries, and cremations, 5) art galleries, 6) ceremonial
dumps, 7) places of refuge, and 8) other uses. This list has
proven to be effective in interpreting most cave sites, and is
used here as a general basis for evaluating the archaeological
evidence from cavesin Belize.

MINOR UsEs

Thompson mentions the historic use of caves as temporary
places of refuge, for example during the War of the Castes in
Yucatan, and of walls in caves being used as hunting blinds,
but neither of these has been documented in Belize. Former
Belize A.C. Harriot Topsey suggested that bat and/or bird
guano may have been extracted from caves for use as fertilizer
(Marachov & Williams, 1992). Although not mentioned by
Thompson, thisis an intriguing idea since the Maya practiced
large-scale agriculture in areas of very low soil fertility.
Thompson does mention the use of caves as a minor source of
minerals, but this activity isdiscussed in afollowing section on
clay mines.

SOURCES OF DRINKING WATER

Any cave with easily accessible water could have been
used for this purpose, even in places with plentiful surface
water. However, in severa karst areas of Belize this activity
would have been a necessity rather than a convenience, partic-
ularly during the dry season. Large portions of the Vaca
Plateau, Chiquibul Forest, and southern Maya Mountains
around Little Quartz Ridge do not have perennial streams. In
recent times, permanent water sources such as Las Cuevas and
Cebada Cave were used as camps by chicleros, hunters, and/or
loggers. Actun Kabal and Cebada Cave were also primary
camps for cavers on the Chiquibul Caves expeditions because
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of the water supply. The surface site of Las Cuevas may have
been established because of the permanent spring inside the
cave, a practice common in most of the Mayan karst areas
(Veni, 1990). Specific use of caves for drinking water is diffi-
cult if not impossible to discern in the archaeological record,
and would likely be obscured by other more obvious ceremo-
nial activities.

REeLIGIoUS RITES

As mentioned in the introduction, awide array of deitiesis
associated with caves in traditional Maya belief. The numer-
ous ethnohistoric and ethnographic accounts have already been
adequately summarized by authors including Thompson
(1959, 1970, 1975), Pohl and Pohl (1983), Bonor (1986,
1989), and Bassie-Sweet (1991). Because caves were associ-
ated with such basicideas aslife (in the form of rain) and death
(the journey through the underworld), the list of deities and
associated reasons for conducting ritualsin caves is very long.
It includes but is not limited to rain, fertility, birth, agriculture,
hunting, jaguars, deer, frogs, serpents, disease, aging, death,
ancestors, calendrical period endings, and rebirth. MaclLeod
and Puleston (1978) theorize that the isolation and total dark-
ness of the cave environment would have been ideal for spiri-
tual vision quests by individuals, and perhaps further enhanced
by auto-sacrifice in the form of ritual bloodletting. The burn-
ing of copal incense likely accompanied every ritual, and
human sacrifice was occasionally required. Based on the
archaeological evidence, ritua offerings could include every
example of Maya material culture such as items of pottery,
stone, bone, shell, and wood, as well as incense, maize, and
other more perishable items. However, the evidence is heavi-
ly biased toward those materials that have been preserved.
Missing from the archaeological record are the droning chants
of priests; the music from flutes, whistles, and drums, includ-
ing perhaps the pounding of “stone drums’—speleothems that
resonate sound when struck; the pungent smoke from copal
incense and torches; the dark and mysterious environment of
the cave. The combined effect on any person involved with
these ceremonies must have been overwhelming.

Unfortunately the archaeological evidence does not usual-
ly provide answers about which specific ritual(s) took place.
Some caves appear to have been used for one primary activity,
but others were used for a variety of ceremonia functions.
Some of these uses are identifiable and are discussed below
within the context of Thompson's list.

SOURCES OF VIRGIN WATER (ZUHUY HA)

Traditional Maya ceremonies required new/pure/virgin
offerings, including water. Spring water and dripping water
found in cenotes and caves fulfilled this need, and was usually
collected in ollas. Sherds of these vessels represent the most
common type of pottery found in most caves. In some
instances the vessels are still complete and in place under drip-
ping spelecthems. A classic example was found in Actun
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Figure 1. Bowl placed under drip in Actun Kabal to collect
zuhuy ha (virgin water), now covered by a 1-m-tall stalag-
mite. Photo courtesy of George Veni.

Kabal in the Chiquibul, where one vessel that still caught water
from an active drip was also partialy covered by a one-meter-
tall stalagmite (Figure 1). Any cave with dripping and/or flow-
ing water was a potential source, so there are literally scores if
not hundreds of caves in Belize that may have been used for
the collection of zuhuy ha. Areas of dripping spelecthemswith
large numbers of olla sherds can be observed in some of the
more frequently visited caves in Belize, for example St
Herman's, Actun Tzimin, and Caves Branch River Cave.
However, the available literature provides only a short list of
caves with actual documented archaeological evidence for this
specific activity: Actun Kabal (McNatt, 1984; Stone, 1984),
Eduardo Quiroz Cave (Pendergast, 1964, 1971), Las Cuevas
(Dighy, 19583, 1958b), an unnamed cave near Bengue Vigjo
(Gann, 1925, 1929), and probably Rio Frio Cave A (Mason,
1928, 1940).

Certain caves such as Actun Kabal, Cebada Cave, and Las
Cuevas very likely served dua purposes as sources of both
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zuhuy ha and drinking water. Easily accessible permanently
flowing streams just inside the entrance could have provided
drinking water, while less accessible interior chambers with
dripping speleothems would have been more suited for the col-
lection of zuhuy ha. Long dry seasons or periods of drought
would reduce the amount of water available from both sources.
The Maya might have prepared for this situation by storing
sufficient quantities of water in ollas.

CEREMONIAL DUMPS/OFFERINGS

Substantial deposits of cultural debris have been found in
several caves, occurring as piles at the bottom of vertical
shafts. These deposits do not represent occupation middens
but rather materials that were obviously thrown into the caves.
They usually contain large amounts of broken pottery of all
kinds, plus items of flint, obsidian, bone, and shell, fragments
of metates and manos, a variety of fauna remains, and some-
times even human bones. The piles include not only domestic
pieces such as undecorated utilitarian pottery and simple
grinding stones, but also elite objects such as obsidian blades
and elaborate polychrome pottery.

Thompson interpreted these types of deposits as ceremoni-
a “dumps” The custom of ceremonially discarding both sec-
ular and religious items was common throughout the Maya
area. Thisactivity was an important part of rituals, in particu-
lar the renewa ceremonies at the end of Maya calendrical
cycles which included 260 day, 360 day, 20 year, 52 year, and
even 400 year intervals.

Actun Balam contained such a deposit at the bottom of a 4-
m shaft just inside the entrance. The pile measured over 5 m
in diameter and 1.5 m high and held over 22,000 sherds, plus
avariety of other remains (Pendergast, 1969). A deposit over
1 m thick was found under an entrance shaft in Pusilha Cave
No. 1 (Joyce et a., 1928, Joyce, 1929). Brady and Rodas
(1995) compare the assemblage of artifacts from these caves
with that from a similar dump in Cueva de los Quetzales in
Guatemala. The number of €lite artifacts in these deposits
apparently reflects the social setting of the cave. Actun Balam
is not located near a major center and did not have many elite
items, the “Pottery Cave’ at Pusilhais located near the cere-
monial center of the same name and contained a greater pro-
portion of elite objects, while Los Quetzales is directly associ-
ated with a surface center and yielded a large number of elite
goods.

Two recently discovered cavesin the northern Vaca Plateau
offer an excellent opportunity to test this hypothesis further.
Macal Chasm is alarge 53-m-deep vertical shaft with an 8-m-
high pile of cultural debris on the bottom. It is located only
100 m from the central plaza of a ceremonial center, Ix Chel.
Pottery Hill Caveislocated 1500 m from the central plaza but
is directly associated with an outlying structure. It is a small
cave but contains thousands of sherds, including many poly-
chromes, at the bottom of a 2-m entrance slope. These two
caves have not yet been excavated (Reeder, 1993, 1995, pers.



comm. 1995).

Pendergast (1969) proposed that at |east some of these piles
were more than just ceremonial rubbish heaps, and were
specifically intended as offeringsto cave deities. For example,
Actun Balam is not near any known surface site, so people
would have had to make a special pilgrimage to throw the
materials down the shaft. Discarding such asignificant item as
the Actun Balam vase would likely carry more importance as a
ritual offering than any other purpose. Thompson's and
Pendergast’s ideas are not mutually exclusive and actualy
complement each other. Artifacts and other remains thrown
into caves could have been intended for both ceremonial
destruction and as offerings. This action would have fulfilled
two needs of the Maya, to discard the pieces ceremonially, and
at the same time to make offerings to the cave gods.

All of the examples given above involve artifacts apparent-
ly used outside the caves and thrown down vertical shafts,
which is the basic definition of a ceremonial dump. However,
one probable exception to this rule must be mentioned. About
50 m inside one of the Actun Kabal entrancesis alarge room
(40 m long by 20 m wide and, 10 m high) christened the
“Ledge of Offerings’ because of the thousands of artifacts
found there (Figure 2). The entrance is located at the bottom
of a large sinkhole, and the room is illuminated by indirect
sunlight. At the highest end of the room a 10 m vertical climb
|eads to a passage where zuhuy ha was collected. The lowest
end of the room overlooks a nearly vertical shaft that drops
approximately 25 m to an underground river, appearing very
much like an underground cenote. Access to the ledge is pos-
sible from only one place along the edge of this shaft. A
detailed description of the artifacts cannot be given here.
Suffice it to say that the great quantity and variety of artifacts
represent all the characteristics of a classic ceremonial dump,
except that these objects were carried rather than thrown into

Figure 2. A sampling of artifacts found at the Ledge of
Offerings, Actun Kabal: ceramic whistle, two incensarios,
and obsidian blade. Photo courtesy of George Veni.
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the cave. The nature of the assemblage together with the phys-
ical setting of the room strongly suggest the idea of ceremoni-
a discards deposited in the cave as offerings.

Thelarge quantities of olla sherds and complete ollas found
in caves most likely represent vessels used there, and another
form of ceremonial discarding. As part of the cycle of renew-
a and the need for pure containers for the pure water, the ves-
sels were periodically smashed or ceremonialy “killed” by
punching one or more holesin them. In many cases, the sherds
and/or complete vessels were then placed in niches, under
rocks, or on ledges in areas where no dripping water occurs,
thus fulfilling their fina role as offerings. Complete ollas
(some without kill holes) and olla sherds are also found in dry
caves with no spel eothems or other sign of zuhuy hacollection.
In these instances the vessels were either used for some pur-
pose other than zuhuy ha and/or were placed as offerings.

BURIALS

Human burials have been found in at least 23 caves in
Belize, and represent approximately 200 individuals. The
exact number of individuals is difficult to determine, because
the mixing of bones by both cultural and natural processes
often obscures the remains of individuals in a particular burial
or cave. For example, even in ancient times earlier burials
were inadvertently disturbed and mixed by the digging of later
ones, and in recent times the actions of looters have had the
same result. Burialsin caves are susceptible to natural events
ranging from short-term floods, which can wash them away in
a single moment, to the slow but steady drips of water, which
can conceal them with calcite (Figure 3).

A further complication is the wide range of burial practices
used by the Mayain Belize caves: primary and secondary, sin-
gle and multiple, extended and flexed, formal interments and
shaft burials, ossuaries and cremations, elite and commoners,
with grave goods and without, with orientation to a primary
direction or not, male and female, young and old, natural caus-
es versus possible sacrifices. Although the presence of human
remains is mentioned in many reports, very few detailed
descriptions have been published (Pendergast, 1971; Roberts,
1990). Therefore my discussion is limited to general aspects
such as (1) major buria caves, (2) probable dlite burials, and
(3) the possihility of sacrifice.

Major burial caves are defined as those that contain alarge
number of burials and/or appear to have been used primarily
for the purpose of burials. In sheer numbers, one cave in the
northern Vaca Plateau is significant with an estimated 40 indi-
viduals, while another recently discovered cave in the same
areahas at least 12. In the northern Mountain Pine Ridge, one
cave contained approximately 20 individuals, but unfortunate-
ly most of these have apparently been removed or disturbed by
casua visitors. Three other caves in this area held totals of
seven, six, and six burials. A large cave in the Caves Branch
area contains at least 26 burials, whereas a recently discovered
small cave in the same area yielded the somewhat surprising
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Figure 3. Human skull covered by calcite. Photo by Logan
McNatt.

total of at least nine individuals. One cave in the Toledo
District is reported to have more than 23 burials and another
held five. These ten caves contain approximately 154 individ-
uals, representing the vast majority of known burialsin Belize
caves. At least four of the caves appear to have functioned
primarily as buria sites; there are not enough data from the
other six to enable any conclusions about their major use.
Elite burials are defined here by two traits. First, skulls
with artificially flattened foreheads, and teeth inlaid with jade,
obsidian, and/or iron pyrite indicate people of high status.
Second, certain items such as slate-backed iron pyrite mosaic
mirrors and elaborate persona adornments made from jadeite,
bone, and/or shell were usualy possessed by the elite rather
than lower status individuals. Although one or two such items
might be found with a low-status individual, an assemblage of
such artifacts as associated grave goods strongly suggests an
elite burial. Cave burials with one or both traits are not com-
mon in Belize, and flattened skulls are reported from only
three cave sites. One of these contained 26 burials of which at
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least one had a flattened skull but no grave goods. A second
cave held six individuals, three of whom had flattened skulls,
but again no associated grave goods. In the third cave, which
contained an estimated 40 burials, a minimum of five had flat-
tened skulls. Severa of these had mandibles with inlaid teeth.
Associated artifacts included a slate/pyrite mirror, jade beads,
an alabaster bead, and a decorated bone pin. At least one
dozen skulls had been removed from the main burials and
placed in a separate walled chamber.

Two additional caves contain apparent elite burials based
on associated grave goods, but information on the
presence/absence of flattened skulls is not available. One of
these caves held a multiple shaft buria with a least six indi-
viduals and a large quantity of associated artifacts including a
slate/pyrite mirror, four drilled jaguar canines, a deer antler, 5
to 10 obsidian blades, and approximately 600 shell beads. The
second cave has at least 12 burials, some of which are associ-
ated with polychrome pottery, obsidian blades, and jade, shell,
and turquoise jewelry.

Additional elite burials may have been found but not rec-
ognized or reported. The grave goods sometimes associated
with such burials are prime targets of looters, so some data
may have been removed. However, the available information
backs up the general consensus among archaeologists that
caves were most often used as buria sites by the “common
folk” rather than the elite.

Human sacrifice in caves is very difficult to demonstrate
based on the archaeological evidence alone. As Roberts
(1990) states regarding Maya burial practices in general:
“Skeletal mutilation after death has been observed (Welsh,
1988) including, apparently, decapitations, hand and foot
remova and intentionally smashed or drilled skulls and long
bones” Pendergast (1971) comments that “the difficulty of
distinguishing between sacrifice and honorific burial of a nat-
urally-deceased individual is such that no identification of sac-
rifices can be made in the absence of clear signs of violent
death.” Given these limitations, absolute proof of human sac-
rifice in caves may depend on finding an obsidian or chert sac-
rificial knife protruding from the skull or chest of a burial.
Therefore the following comments are offered as speculative
inquiry rather than scientific fact.

The possibility that some of the human remains found in
Belize caves may be the result of sacrifice is worth consider-
ing. The association of caves with rain ceremonies, and the
association of rain ceremonies with occasional human sacri-
fice, particularly of children, is documented in various ethno-
historic and ethnographic accounts (Thompson, 1975; Bonor,
1986, 1989). One possible example of this association in
Belize is a large river cave in the Caves Branch area which
contains 26 burials, of which 16 areinfant/child. The predom-
inance of infant/child remains in what is clearly a ceremonial
setting suggests that they were special offerings. In tradition-
a Maya bdlief, the value of such offerings to the gods would
be greatly enhanced if they were sacrifices.



Assuming that sacrificial victims do represent some of the
human remains found in caves, there exists the question of
where they were sacrificed—outside the cave or within? Many
caves with burials are easily accessible, the burials are found
within a short distance of the entrance, and there is no indica-
tion of possible sacrifice. However, at least two of the major
burial caves contain large burial chambers that can be reached
only by traversing difficult climbs and/or long stretches of
water. Itisthistype of setting that | think would be most like-
ly for possible sacrifice, for both ceremonial and practical rea
sons. The darkness, isolation, and acoustics of the cave envi-
ronment would provide an ideal location for a solemn ritual,
particularly one regarding sacrifice. For practical matters, as
one modern visitor observed after experiencing the difficulty
of traversing the climbs and water, it would be much more log-
ical and dignified to escort a live sacrifice (at least in the case
of an adult) to the final destination than to struggle with haul-
ing the body of a deceased one. Both the ancient Maya and
their gods might have had a similar perspective.

ART

Petroglyphs (carvings in rock) are rare in Belize caves.
Perhaps the best known example is Petroglyph Cave, so named
because of etchings on large rimstone dams just inside the
entrance (Reents, 1980a). These glyphs include “ step-fretsin
series of saven, cloud symbols, and the Union Jack—a possi-
ble variant of the day sign Akbal” (Figure 4; MacLeod &
Puleston, 1978). Also cut into the faces of the rimstone dams
are numerous holes of unknown function, ranging in size from
2-18 cm wide and 0.5-10 cm deep. Some of them are large
enough to serve as handholds and footholds, but many of them
are not. They may have served as small niches for the burning
of copal incense and/or other offerings, or perhaps as torch
holders, but this is merely speculation since natural erosion
and desiccation of the dams has obliterated all evidence.
Bonor (1995) describes the recent discovery of petroglyphsin

Figure 4. Petroglyphs carved in a rimstone dam in
Petroglyph Cave. Photo by L ogan M cNatt.
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Figure 5. Faces carved in 4-m-tall stalagmite in the Caves
Branch area. Drawing courtesy of Marit Brook-Kothlow.

a small cave next to the Caves Branch Rockshelter, including
one “Quincunx” glyph, and others that he believes are defi-
nitely associated with water. Also in the Caves Branch areais
alarge interior cave room with flat rocks naturally embedded
in the wall. Irregular lines circling outward from a central
point are etched into these rocks.

Another style of petroglyph has been found in two caves.
Eight simple human-like faces are carved into a stalagmite
approximately 20 meters inside a large entrance in the Caves
Branch area (Figure 5). A similar face appears on arock out-
side alarge cave entrance in the Toledo District. Bonor (1995)
discusses the association of such faces in caves with water, so
perhaps it is more than coincidence that both of the above
examples involve major river caves.

Pictographs (paintings on rock) are equally rare in Belize
caves, with al three known sites located in the Toledo District
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(Stone, 1995). Actun Dzib (originally recorded as Actun
TZ'iib) has three panels of charcoa drawings on smooth cave
walls approximately 25 meters inside the entrance (Figure 6;
Walters, 1988a, 1988b, 1989). The magjority of these drawings
are geometric designs and stick figures of humans and animals,
which Stone describes as “the finest schematic paintingsin the
corpus of Maya cave art” Only one human figure, set apart
from therest, isdrawn in amore typical Maya style. The cave
contains Maya ceramics and burials, but it is virtually impos-
sible to prove any association between these remains and the
drawings. Sadly, some of the pictographsin Actun Dzib have
been vandalized by modern graffiti, and the burials have been
severely disturbed by looters.

The other two pictograph caves are only about 30 m in
length, and contain few drawings. Roberto’s Cave, near
Laguna Village, has six (Walters, 1988b). Bladen 2 Cave, on
the Bladen Branch of the Monkey River, has four, two of
which are deity heads. When these drawings were made and
why these particular caves were chosen is not known. A thor-
ough discussion and analysis of these three Belize cave sites
and all other known Maya cave pictograph sitesis presented by
Stone (1995).

Figure 6. Pictographs in Actun Dzib. Photo by Logan
McNatt.

ALTARS, IDOLSAND STELAE

These features are reported from only eleven caves in
Belize. A formal atar was found in Hokeb Ha, consisting of a
flattened platform 1.65 m by 1.27 m with a 0.3-m-high retain-
ing wall of river cobbles. Immediately in front of it were 24
complete or nearly complete vessels (Palacio, 1977a, 1977b).
In an unnamed cave near Bengue Vigo, Gann (1929) found a
“table-like altar” approximately 2.5 m long, with an associated
platform and two ollas in front, and carved steps leading up to
the recess containing the altar. In Rio Frio Cave C, Mason
(1928) refers to “a structure which | have called an atar,
athough | am uncertain as to its use” From his description
and the dimensions (9.1 m long by 2.7 m wide by 1.2 m high),
this structure is simply alarge platform rather than an altar. In
a cave along the Deep River, Toledo District, Walters (1988b)
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depicts an altar of four flat stones, roughly 1.5 m square, but
does not provide a verbal description.

A very different type of atar was found in Actun Kabal,
consisting of two upright stones about 0.5 m tall and 0.2 m
apart, supported by rock rubble. One of these stones was a
broken stalagmite. Immediately in front of the uprights was a
meter-square area of flat stones. The entire feature was coated
by dried silt from a flood, which may have washed away or
covered any associated artifacts or other remains such as char-
coa (McNatt, 1984; Stone, 1984, 1995: Figure 5-48). A simi-
lar style of altar, consisting of three vertical stalagmites, is
reported from a cave in the Bladen Branch area (Prufer, 1995).

In some cases the attributes of “atar” and “idol” are com-
bined. For example, in an unnamed cave near Benque Vigjo,
Gann (1925) observed “the top of one of the stalagmitesin the
great chamber had been rudely carved to represent a human
head, and that in front of it was placed a more or |less cubical
block of stone, which may have served as an altar.”

Features which are best described as idols are known from
only three caves in Belize. One is the carved stalagmite
described above by Gann. Another altered stalagmite islocat-
ed at the back of Rio Frio Cave E, approximately 150 m from
the entrance. Thisimposing speleothemis 2.25 mwide, 2.5 m
thick, and 2.75 m tall, and resembles a seated human figure.
Despite its substantial weight, the figure appears to have been
moved an unknown distance to its present location at the back
center of the cave. A series of eight small circular depressions
were cut into the front of the figure. A.H. Anderson recovered
olla sherds, burnt wood, and possible copal charcoal from a
depression in front of the “head,” indicating use as an altar.
Pendergast (1970) discusses the figure and its possible rela
tionship to other activities in the cave. Although the figure
likely represents some Maya cave deity, neither itsidentity nor
the ceremonies associated with it can be determined with any
certainty.

A head carved out of aclay bank in Actun Chek (Figure 7)
poses similar problems. This feature measures 0.3 m high by
0.25 m wide, and is located in a clay mine 450 m inside the
cave. A black stain on the ceiling immediately above indicates
that some substance, possibly copal, was burned on top of the
head. This evidence, and a small complete olla placed imme-
diately below together with other associated artifacts, indicate
that theidol also served as an altar. For athorough description
and discussion of this feature, see Graham, McNatt, and
Gutchen (1980).

Three cavesin Belize contain stones placed in upright posi-
tions resembling a crude form of stela. In the entrance of
Petroglyph Cave, a 1.6-m-tall broken stalagmite was held in
place by rock rubble (Reents, 1980a; Reents-Budet &
MaclL eod, 1986). Another broken stalagmite about one meter
tall was obvioudly placed on a dirt floor in a cathedral-like
room a the end of Chechem Ha, about 200 m from the
entrance (anon., 1990). The most intriguing exampleis adate
slab, also about one meter tall, found in a small chamber over-
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Figure 7. Face carved in aclay bank, height 0.3 m, Actun
Chek. Drawing courtesy of Kathy Bareiss-Roemer.

looking an active stream passage in Actun Tunichil Muknal
(Miller, 1989b, 1989c, 1989d, 1990). A primitive face is
carved on one side, and the edges of the slab have been scal-
loped in such a way as to remind one observer of a stingray
spine. Aswith so many features found in caves, the exact pur-
pose of these stones and the ceremonies associated with them
may never be known. However, it may be significant that two
of the three sites containing stelae are major burial caves.

CLAY MINES

Although the extraction of clay and other minerals is
known from several cavesin theYucatan, this activity isknown
from only one cave in Belize. Actun Chek (Footprint Cave) has
three areas of red clay deposits that contain obvious digging
marks. The clay appears white because of athin coating of cal-
cite. All of these areas are |ocated within the dark zone of the
cave, from 100-450 m inside the entrance. Reaching them
requires traversing a river that flows through the cave. In one
locale, a finely chipped chert knife was found, similar to the
sacrificial knives used by the Maya. At the most interior mine
site, a grotesgue clay face had been sculpted out of the clay
bank, and a complete small ollawas placed immediately below
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it. Sherds, charcoal, and other signs of cultural activity were
associated with this mine (Graham., McNatt, & Gutchen,
1980).

MacL eod and Puleston (1978) argue that these mines were
a type of ritual activity. The location in dark and relatively
inaccessible places, and the association of ceremonial features
such asthe clay face and chert knife strongly support thisview.
The authors also suggest that the clay may have been used for
the specific purpose of making ceremonial vessels painted with
underworld scenes to be placed in tombs. Although logical,
this hypothesis could be tested only by matching a chemical
analysis of these clay sources with clay from specific vessels.

ARTIFICIAL CONSTRUCTION IN CAVES

The Maya artificially modified the natural setting in so
many caves in Belize and elsewhere that this subject requires
separate discussion. Some features in the dark interior such as
narrowed passages, walls separating chambers, and sealed
chambers have no practical purpose other than ceremonial.
Other features such as terraces, walls, platforms and steps in
the daylight zone of large entrances could have been used for
habitation rather than strictly ceremonial purposes. However,
the overwhelming importance and use of caves as sacred areas
is a strong argument against such domestic use (Brady et
a.,1992; Brady, pers. comm., 1995).

Only five cavesin Belize have received intensive investiga
tions of artificial construction in the entrance areas, and only
one of these contained evidence of long-term use. Excavations
in Eduardo Quiroz Cave (Pendergast, 1971) reveded a refuse
midden 0.5-0.9 m thick in Chamber 1, 10-20 m inside the
entrance. The chamber also contained walls, terraces or steps,
aplaster floor, and five burials including two children. A wall
of dry-laid stones separates the rear of the chamber from the
rest of the cave. Because the interior of the cave beyond the
chamber was obviously used for ceremonial purposes, it isdif-
ficult to imagine a strictly secular use of the cave entrance by
a family or other small group of residents. Pendergast con-
cludes that Chamber 1 was occupied for considerable lengths
of time, and that the occupants perhaps served as caretakers for
the cave. Their duties might have included supervision of the
collection of zuhuy hain theinterior, the cyclic destruction and
replacement of zuhuy ha vessels, and other ceremonies for
which there is less definite archaeological evidence. Whether
the caretakers lived in the cave throughout the year or only
periodically during ceremonies is open to question, athough
Pendergast thinks that the midden and burials suggest continu-
ous occupation in Eduardo Quiroz Cave.

Las Cuevas (Dighy, 19583, 1958b) is located below and
adjacent to a minor ceremonial center of the same name. A
permanently flowing stream immediately inside the entrance
probably provided drinking water for the surface site, while
dripping speleothems in the cave interior were obviously used
for the collection of zuhuy ha. The large entrance room isillu-
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minated by daylight during part of each day, and has three plat-
forms, several walls, and traces of plaster floors. Digby exca
vated these features but does not mention finding an occupa-
tion midden similar to the one in Eduardo Quiroz Cave. Few
artifacts were uncovered in the entrance area, including frag-
ments of several incensarios and one vessel that may have held
acremation.

Rio Frio Cave C is alarge tunnel-like cave, cut by the Rio
Frio through alimestone hill. It is approximately 150 m long,
50 m wide and 25 m high, with large entrances at either end.
Indirect sunlight illuminates the entire cave, except for several
small side passages and recesses. Mason (1928, 1940)
removed alarge platform approximately 9 m long by 3 m wide
by 1 m high. Hefound adeposit of ashes and several pieces of
jadeite, but no occupation midden.

Petroglyph Cave has one of the most spectacular entrances
known in Belize. It islocated at the bottom of a 150-m-wide
sinkhole with vertical walls 10-30 m high. Only one place
affords “easy” access, and even this requires artificial aid such
as ropes or alog ladder. The entrance itself is approximately
70 m wide by 30 m high, opening into a room about 220 m
long. The floor drops precipitously to a permanently flowing
stream 40 m below, accessible by only one precarious route,
which shows signs of use by the ancient Maya. The ceiling of
thisimmense void is 40-60 m above the stream, and the entire
areaisilluminated by daylight. The trail to the stream passes
beside ahuge rock (ca. 15 m long by 10 m wide by 10 m high)
that fell from the ceiling before the Maya used the cave. At the
base of this rock was a series of 5-6 wide steps which have
been destroyed by looters. On a breakdown/talus slope above
the steps are eight terraces with low retaining walls of dry laid
stones. From any viewpoint, even the most jaded modern vis-
itor isimpressed by the cathedral aspects of this vast chamber.

MacL eod and Reents conducted investigations in the cave
in 1978, including some excavations in the entrance chamber
(Reents, 1980a; Reents-Budet & MacLeod, 1986). Although
numerous sherds, pieces of obsidian, modified and unmodified
shell, ash and charcoal from hearths, and other remains were
found scattered around the room, there was no midden or other
sign of continuous occupation. This negative evidence of
occupation is reinforced by positive evidence of ceremonial
use such as petroglyphs, a stalagmite “ stela,” and major use of
the cave for burias. In practical terms alone, the difficulty of
moving in and out of the cave makes it an unlikely residence.

A final example of mgjor artificial construction isfound in
the Chiquibul Chamber, the largest entrance of Actun Kabal in
the Chiquibul Cave system (McNatt, 1984; Miller, 1984;
Stone, 1984). At the time of its discovery, it was the fifth
largest cave room known in the world, with an 80-m-wide
entrance opening into a room approximately 150 m wide by
250 m long by 45 m high. Like the entrance of Petroglyph
Cave, it is at the bottom of a huge sinkhole, but access is com-
paratively easy and does not require any artificial aids. There
isa permanent spring at the rear of the chamber, and the entire
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Figure 8. Colluvium-covered terraces on talus slope into
Chiquibul Chamber, Actun Kabal; note people and tent in
foreground for scale. Photo courtesy of George Veni.

room is illuminated by daylight during part of each day. A
massive breakdown pile on one side of the chamber concealed
numerous complete vessels, including large ollas and several
polychrome dishes and plates. On the other side of the cham-
ber, alarge talus slope extends from ceiling to floor. A total of
31 terraces and platforms were mapped in the entrance, with
most of them found on the talus slope (Figure 8). Some of
these features are contiguous and up to 25 m long, while oth-
ersareisolated. The size and surface area of the terraces varies
greatly, but all are held by retaining walls of dry-laid stones
from 0.25-1.5 min height. It is possible that the entire slope
was terraced and that many of the surfaces and retaining walls
have been covered with colluvial debris. The series of terraces
descend the slope to alarge colluvial fan, that has been leveled
and outlined with rocks, on the edge of a 20-m-wide rocky
streambed that carries water only during floods. On one side
of the fan is a massive 10-m-tall stalagmite which has natural
features resembling a human figure. The overall visual effect
is of a grand amphitheater, with the terraces serving as view-
ing platforms and the colluvial fan as “center stage” One
unmortared stone wall 20 m long by 1 m thick by 1.5 m high
is located between two large breakdown blocks. The calcite-
covered remnant of another wall is found at the rear of the
chamber between two speleothems. These walls are easily
avoided, and appear to have no other purpose than to restrict or
direct access to the spring at the back of the chamber.

The spring provides a major source of permanent water
during the dry season. For such an important resource located
within the sacred setting of a cave, the presence of part-time or
full-time caretakers is a possibility. Other areas of the cave
were used for various ritual purposes such as zuhuy ha collec-
tion and ceremonial dumping. During the 1984 and 1986
Chiquibul Cave expeditions, a thorough surface examination
of the terraces was conducted, which yielded only athin scat-



ter of sherds and a few other artifacts. Although no excava
tions were undertaken, the surficial nature of these terraces on
the talus slope does not indicate the presence of a deeper mid-
den deposit.

In the exampl es cited above, thereis no evidence to suggest
that the platforms and terraces supported perishable structures.
However, three caves do contain tantalizing evidence of such
structures. In another major entrance of Actun Kabal, a 3-m-
square outline of flat stones has all the appearances of a build-
ing foundation. About 50 m inside one of the large entrances
of the Caves Branch River Cave, approximately 30 postholes
were found (MacL eod, pers. comm., 1995). In Actun Balam,
Pendergast (1974) found “39 fragments of unburnt clay daub,
with impressions of poles, leaves, and what appears to be
grass” The pieces of daub were small, dissolved easily in
water, and were recovered only because conditionsin the cave
were relatively dry and unusually conducive to preservation.
They were located in a high alcove containing numerous ves-
sels and other remains including a wooden spear. Pendergast
interprets them as the probable remains of a pole screen or
framework enclosure of the artifacts, rather than as the remains
of adwelling. Such small clues provide intriguing hints of the
possibility of perishable structuresin other caves, where more
typical wet conditions have eliminated such fragile remains
from the archaeological record.

In conclusion, the available evidence indicates that artifi-
cial construction in the daylight zones of large entrances in
Belize caves was intended for ceremonial purposes rather than
domestic habitation. First, these entrances provide access to
significant ceremonial areas within the dark zone. Second,
they do not usually contain refuse middens indicative of long-
term occupation. Although such a midden was found in
Eduardo Quiroz Cave, Pendergast interprets it as a result of
ceremonial “caretaker” activities rather than a purely secular
use. Many caveswith artificial construction in Belize offer the
opportunity for excavations to determine the presence/absence
of middens and perhaps perishable structures.

PrOBLEMS

LOOTING

The most obvious and critical problem confronting cave
archaeology in Belize is looting. The theft of antiquities for
sale on the black market is a worldwide problem, and Mayan
artifacts are increasingly popular among collectors. One rea-
son for this may be the international publicity that any major
discovery receives, often in glamorous terms of “lost treasure’
rather than a more educational or scientific approach. Other
reasons include the relative poverty of many people in less
developed countries, the ease of transporting artifacts through
aready established networks such as drug-smuggling, the low
risk of prosecution, and the low fines compared to the financial
rewards.

Since 1971, Belize has had strong laws protecting its

MCNATT

archaeological resources (anon., 1971; Government of Belize
1971; Gutchen, 1983), but enforcing those laws is very diffi-
cult. Caves are particularly vulnerable to looting. There are
many of them, the entrances are often naturally concealed far
from roads and habitations, and they contain artifacts that are
usually not buried and can thus be easily collected with mini-
mal effort and time.

The extent of the problem iswidely recognized but difficult
to measure. Occasional publications have mentioned the loot-
ing of caves (anon., 1982, 1984; Rushin-Bell, 1982). The only
systematic study of looting in Belize was made by Mark
Gutchen (1983), a former Peace Corps volunteer for the
Department of Archaeology from 1978 to 1980. Of the 86 reg-
istered cave sitesin his study, 37 or 43% had documented dam-
age from looting. The actual damage may be much greater, as
Gutchen states:

Determining the extent of looting in cave sites is often quite
difficult becauseit is possible to remove artifacts without leav-
ing any trace. The only ways to determine if artifacts were
removed, therefore, are 1) to have information asto their pres-
ence before the looting took place; 2) to have data from reli-
able informants that the items were removed; or 3) to seize
artifacts illegally removed and have the thief report the loca-
tion to investigators.

In 1976, Tom Miller and | took Acting A.C. Jaime Awe into
alarge cave in the Caves Branch areato show him several com-
plete vessels and a human skeleton that had been found during
our initial exploration. We took photographs but did not
remove the artifacts because the cave was known only to our
small group of five people. Unfortunately, one of this group
(neither a caver nor archaeologist) told others, and word even-
tually spread. When we returned to the cave nine months later,
we found that the vessels had been stolen, the skeleton tram-
pled on, and the skull removed. Although the culprits were
known by several witnesses, they were not prosecuted dueto a
lack of direct evidence.

In 1978, a beautiful calcite-encrusted human skull was
chipped out of its sacred resting place by persons unknown.
Until then, the skull had been respectfully viewed by dozens of
modern explorers over aten year period. As recently as 1992,
a series of steps in Petroglyph Cave was dismantled and dis-
carded as rubble, apparently by some looter futilely searching
for “treasure” The vessels, skeletons, and steps in these caves
had been sitting undisturbed for over 1,000 years, but were
removed/destroyed in a few brief moments of greed. All we
have to offer future generations are photographs.

The causes of looting are complex and not easily resolved.
Matsuda (1994, 1995) provides an interesting discussion from
the looter's perspective. He argues rather convincingly that
until basic social and economic disparities that create poverty
are resolved, then looting will continue to be aviable source of
income for some people. Griffin (1986) defended the collec-
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tor's viewpoint in a National Geographic article, which sur-
prised and angered many archaeologists. Their rebuttal is
given by Chase, Chase, and Topsey (1988). The onus of the
problem ultimately rests upon the buyers and collectors, most
of whom live in foreign countries. As long as there is a
demand, there will be a supply.

FUNDING

A second more subtle but equally critical problem affecting
cave archaeology in Belize and many other countries is best
described as the lack of funding. The Department of
Archaeology (DOA) is the primary governmental agency in
charge of archaeology throughout Belize. Major responsibili-
ties include documentation of all known archaeological sites
(including many non-Maya historic ruins), curation of antiqui-
ties, maintenance of several Mayaruins open to the public, and
administrative duties involving the many foreign projects
working in Belize. In addition, the DOA provides lectures,
exhibits, and other public education and information services.

In spite of these many responsibilities, the DOA has con-
sistently been underfunded and understaffed, and there has
been a significant turnover in personnel over the years.
Understandably, archaeology is a low priority compared to
building roads, schools, and other basic infrastructure. The
lack of funding affects cave archaeology in three important
ways: protection, preservation, and publication.

Protection of cave sitesis a daunting task. Employment of
full-time guards and/or the installation of cave gates are costly
and impractical measures in most cases. Protection will more
likely result from serious efforts by archaeologists, cavers,
government agencies and others to increase public awvareness
and reduce the basic causes of looting. The problem appears
much larger than any practical solution.

However, several cave sites in Belize have been protected.
Chechem Ha in the Vaca Plateau was gated with funds and
labor provided by Chaa Creek, a nearby tourist resort owned
by Mick and Lucy Fleming. The Antonio Morales family
serves as guardians of the cave, offering lodging, meals, and
guided tours for visitors. In the Caves Branch area, lan
Anderson operates a similar service to severa different caves,
providing an opportunity for people to visit the caves while
restricting access by unauthorized persons. Las Cuevasin the
Chiquibul Forest Reserve has recently become the location of
aresearch station, which allows self-guided tours of the cave
by visitors. Other than the gate at Chechem Ha, these caves
have been preserved in their natural state with no artificial
development such as lights or trails. Artifacts and other
archaeological remains can be observed and photographed by
visitors but are not disturbed. The combination of efforts by
private “ ecotourism/adventure” entrepreneurs and/or non-prof-
it research organizations in cooperation with governmental
agencies such as the DOA and Forestry Department may pro-
vide future protection for other important cave sites throughout
the country.
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Preservation as used here regards both the physical remains
and written information gleaned from cave archaeology.
Although a Department of Museums was established in 1990,
Belize does not yet have a National Museum. There is an
appalling lack of storage space for artifacts, requiring the DOA
to use offices, a dirt-floored basement, and for several years
even unused jail cells for storage. Threats from termites, sil-
verfish, heat, dust, and humidity are constant. Lack of security
is also a problem; in 1983 the DOA was broken into and ten
irreplaceable artifacts were stolen, including two from caves
(anon., 1983).

Hundreds of artifacts from caves are present in the collec-
tions, ranging from dozens of large ceramic vessels to many
small fragile items of bone, shell, and wood. Although some
of the items are stored on shelves, many are packed away in
cardboard boxes, which, by necessity, are piled on top of each
other. Misplacement and mixing of artifacts is an inevitable
result. For example, while working for the DOA in 1984, |
found a box with large ceramic sherds and severa historic bot-
tles. In the box was a silverfish-eaten scrap of paper with a
barely legible handwritten note: “Found by two whitemenin a
caveinthe Toledo District.” Itisdoubtful that the bottles came
from a cave or were originally associated with the potsherds.
Without a date or other information the artifacts were neces-
sarily labeled PNK, meaning Provenience Not Known.

In addition to the potential for damage, accessibility for
cataloging, analysis, photography, and further study is a prob-
lem. The lack of adequate storage space combined with a
shortage of laboratory and office space is a severe hindrance to
both DOA personnel and foreign researchers wishing to con-
duct studies of archaeological materials, whether from caves or
other sites.

Preservation of written information about cave sitesis also
aproblem. Withinthe DOA, much of the dataare buried in | et-
ters, memos, and reports of trips, which arefiled by date rather
than subject. Many of the files are yellowed and brittle from
age, and have suffered damage from silverfish. For example,
A.H. Anderson typed many lengthy letters on onion-skin
paper, which include information about his work in caves. |
found one of his letters explaining how Casconil Cave got its
name, from combining the last names of the discoverers
“Cadtillo, Cocum, and Cunil.” This information had not been
previously recorded on the card catalog for this site.

Outside of Belize, agreat deal of information about Belize
cave sites aso exists in both published and unpublished form:
articles, journals, trip reports, maps, and photographs, by
cavers, archaeologists, tourists, and other visitors. DOA pali-
cy requires copies of such information from all officially per-
mitted projects, but obviously cannot keep track of information
acquired by casual visitors. Actun Polbilche is an example of
how important this information can be. The cave was discov-
ered by non-archaeologists from the United States, who
removed some artifacts and casually reported their findingsin
anon-archaeological publication (Maone, 1971). Fortunately



the report came to the attention of archaeologist David
Pendergast; the cave contained rarely preserved perishable
items—a wooden spear and wooden box—as well as numer-
ous complete ceramic vessels and other cultural material
(Pendergast, 1974).

Publication, or rather the lack of publications about cave
sites despite the hundreds of reported discoveries, is the final
result of the lack of funding. It is much easier and less expen-
sive to find the sites than it is to conduct an extensive evalua-
tion and interpretation of them. Many serendipitous discover-
ies have been made by both Belizeans and foreigners who vis-
ited caves and unintentionally found archaeological remains.
The DOA itself has conducted numerous investigations in
caves—essentially salvage operations to recover artifacts
because of the threat of looting—which have never been pub-
lished. Even magor caving and archaeological projects that
expect to find cave sites cannot usually include the costs of
archaeological excavations, analysis, and write-up. With the
growing population, development, and research in Belize, the
rate of archaeological discoveries in caves has increased, but
unfortunately so has the information gap.

Obvioudly, funding of archaeological research in caves is
not the primary responsibility of any particular country, gov-
ernment agency, archaeological or caving organization, or
individual. Ironically, the lack of funding isless of a problem
for looters and their buyers/collectors than for archaeologists
and governments. As long as “finding” surpasses “funding,”
efforts to protect, preserve, and publish will be severely limit-
ed, and cave sites will continue to be an increasingly endan-
gered heritage.

THE FUTURE OF THE PAST:
SUGGESTIONS FOR FUTURE RESEARCH

This paper offers only a broad overview of cave archaeolo-
gy in Belize. Each of the major topics could be and should be
discussed in much greater detail. Certain subjects such as per-
ishable remains, exotic trade goods, and the relationship of
cave sites to surface sites, are mentioned only briefly or not at
al. | accept full responsibility for these and other omissions
and for any errors, and have the audacity to offer the following
suggestions for future work.

LABORATORY ANALYSIS

A tremendous amount of material has been collected from
caves in Belize, but much of it has never been anayzed.
(Examples include severa projects in which the author partic-
ipated such as the Footprint Cave and the Chiquibul Caves
expeditions) These artifacts represent a significant component
of the DOA’s callections, and an invaluable resource for cur-
rent and future cave studies. The following analyses should be
completed:

A. Ceramics, Lithics, and Fauna (non-human) Materials:
Ceramics are the most common cultural remains found in
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caves, and are the major source for not only dating the use of
caves but also interpreting the meaning of use. Studies of
ground stone and chipped stone artifacts can include typol ogy,
use-wear, and residue analyses. Animal teeth and bones, as
well as marine and freshwater shells, have been found as both
modified artifacts and as unmodified naturally occurring
remains. Analyses of the faunal remains can identify which
animals may have been exploited for food and/or ceremonial
use, and provide clues to the micro-climate of the cave in
which they were found.

B. Burials: Human skulls and other skeletal remains can
often provide answers to questions such as age, sex, diet, dis-
ease, socid status, and cause of death.

C. Exaotics: Although jadeite and obsidian have been found
in numerous caves in Belize, the only known sources are out-
side the country. Species of marine shells have been found
from both the Atlantic and Pecific. Lithics such as chert,
basalt, and granite occur only in certain places within Belize
but are found in caves throughout the country. Chemical
and/or biological analyses can often pinpoint the sources of
these materials, and provide important information on trade
routes and the relationship between sites.

D. Perishables. Although preservation of items such as
wood israrein Belize caves, the DOA collectionsinclude sev-
eral wooden artifacts that have never been analyzed for identi-
fication of the material used, or submitted for radiocarbon dat-
ing. Outside the lab, other unique perishable remains such as
the human footprints and clay mask in Actun Chek are suscep-
tible to damage from both floods and casual visitors. They
have been photographed, but should be further documented
with latex or plaster molds. Vegetal remains, such as a report-
ed corn husk in an olla in Chechem Ha (anon., 1990), also
should be preserved and analyzed.

E. Archiva: A wealth of information about cavesis buried
in trip reports, letters, and memos within the DOA files. In
particular, much of A.H. Anderson’s work in cavesis recorded
in his letters and memos typed on thin onion-skin paper. The
|ettersinclude memorable comments on not only the caves, but
aso on Belize in general. “The Letters of A.H. Anderson”
would make a fascinating volume.

FIELD WORK

Despite the hundreds of cave sites known in Belize, basic
information is still lacking for many of them:

A. Location: Until recently, the lack of adequate topo-
graphic maps prevented precise location of most caves, espe-
cially those found far from roads or other recognizable land-
marks. Satellites and GPS systems now make it possible to
locate caves precisely, but considerable time and effort is need-
ed to relocate many caves. Of course, information about loca-
tions of cave siteswould have to be controlled by the DOA and
other responsible agencies to prevent looting and disturbance
by casual visitors.

B. Maps. Many cave sites have not been mapped. Cave
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surveys in Belize have generally been accomplished by caver
volunteers, and the maps are often not published or available to
other researchers. The maps do not usually include archaeo-
logical remains, and at least in the case of large caves do not
provide enough detail for an archaeologist to precisely locate
such remains. Even well-known and frequently visited caves
such as St. Herman's and Rio Frio Cave C do not have ade-
quate maps, although both caves are tourist sites and have been
surveyed. In most cases, distribution of cave maps should be
restricted for the same reasons as those involving locational
information. Surveying or in some instances resurveying the
known cave sites in Belize would be an expensive but highly
productive undertaking, and might be accomplished by using
the skills of the many experienced caver volunteers who visit
Belize each year.

C. Collections and Excavations. Most cave sites in Belize
have not been adequately sampled from an archaeological
standpoint. Even asmall controlled surface collection and one
or two test pits in each cave could provide important data
regarding such basic questions as stratigraphy, chronology, and
use. Charcoal samples could easily be collected in numerous
caves for radiocarbon dating.

PUBLICATION

The lack of detailed archaeological publications on cave
sites in Belize has aready been mentioned, and was a major
difficulty in writing this paper. Even if field work and labora-
tory analyses have been conducted, the information is virtual-
ly useless unless it is communicated and shared. As Chase,
Chase, and Topsey (1988) state: “Not writing up and not pub-
lishing findings is irresponsible. However, non-archaeol ogists
need to understand that for every day spent in the field, at min-
imum seven days are required for processing, analyzing, and
writing.” The few published reports, particularly those by
David Pendergast, cast a luminous glow in the otherwise sty-
gian darkness of cave archaeology in Belize.

As a final thought, perhaps Alexander Hamilton
Anderson’s statement is just as true today as when he made it:
“Themore| see of caveswith Mayaremainsthe stronger | feel
that they merit, amost demand, far deeper probing than the
very shallow scratching that has been doneto date” (Anderson,
1962).
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GEOLOGIC AND HYDROLOGIC CONTROLS ON KARST

AND CAVE DEVELOPMENT IN BELIZE

THOMAS E. MILLER
Department of Geology, Eastern Washington University, Cheney, Washington 99004, U.SA.

0.1 Nearly 3000 km?2 of Belize display well-developed karst that occurs dominantly on Cretaceous lime-
stones distributed on the periphery of the Maya Mountains. Other exposed carbonates in Belize, sharing
the same tropical climate and heavy rainfall, are not karsted. The Mayas represent a horst structure
raised by movement of the Caribbean-North American plate boundary. In excess of 150 km of large cave
passage has been mapped, often exhibiting multi-level development likely related to this regional tecton-
ic motion. Passages are dominantly trunk conduits solutionally bored through the lower-lying limestones
by integrated allogenic streams from the Mayas. Other large, independent caves and collapse chambers
are also known. Limited U-series dating of speleothem gives minimum ages of 176 KaBP for cave devel-
opment. The karst surfaces are dominated by disaggregated remnants of previous fluvial networks, but
also contain spectacular collapse dolines. The karst aquifers appear to be solutionally “ open” systems
of relatively high porosity (>1%). Boosting of carbon dioxide levels above surface soil CO2 occurs with-
in aquifers, perhaps due to decay of washed-in vegetation. Mean solutional erosion is estimated at 0.10-

0.13 m/Ka for these karsts.

Belize consists of the ancient, escarpment-bounded Maya
Mountains, which rise to 1,100 m and are encircled by lower
and younger sedimentary rocks, chiefly carbonates. Of prima-
ry importance to karst and cave development is the broad belt
of Cretaceous limestones and dolomites which routes all but
the largest highland streams underground. The remainder of
Belize is mostly a seasonally swampy plain (0-80 m elevation)
of soft Tertiary and Quaternary carbonates. The coastline is
bordered by a 250-km-long barrier reef. Of the country’s
23,000 km2, about 3,000 km? has well-developed karst.

Knowledge of the Belizean karst has come chiefly from
sporadic but often intense cave exploration within the past 40
years. More than 150 km of cave passages have been surveyed
by various groups. Investigations of the development of the
karst surface and the carbonate water chemistry have been con-
siderably briefer and areally-confined.

Some information in this report has appeared in scattered
international caving or cave-science publications, often only as
abstracts accompanying presentations. The magjority of the
karst information is from unpublished monographs submitted
as reports to funding agencies, and is published here for the
first time. Substantial data remain unpublished and unana-
lyzed.

The following is intended to be a general review of the
range of these karst-related studiesin Belize, rather than an in-
depth discussion of the enormous subject of karst and cave
genesisin that country. However, much that is presented or col-
|ated here appears together, also for the first time. The region-
a geology contributing to the presence of karst in Belize is
emphasized in more detail than has been presented elsewhere,
as are the details of cave morphology and, to a lesser extent,
surface karst development.
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RecioNAL CLIMATE AND HYDROLOGY

Belize is divided by the boundary between the tropical
savanna climate of its northern half (very similar to that of the
Mexican Yucatan) and tropical rainforest to the south
(Hartshorn et a., 1984). Annual rainfal in Belize increases
with elevation and more southerly latitude, affected by the
large topographic bulk of the Maya Mountains in the southern
half of the country (Figure 1). Walker (1973) cites mean annu-
al rainfall of 130 cm near Corozal, in the north, to more than
450 cm at Punta Gorda, in the south. Prevailing winds are east-
erly from the Caribbean, and deposit sodium and chloride ions
in decreasing amounts landward.

Density fronts, common in temperate latitudes, are rare in
the tropics due to the uniform temperatures. Although occa-
sional outbreaks of polar air, called “northers” can produce
heavy rains; thunderstorms and other convergences of similar,
high-temperature saturated air masses are the primary causes
of precipitation. Hurricanes can create heavy rain but hit Belize
infrequently, with seven landfalls from 1931-1978 (Hartshorn
et al., 1984), and most recently in 1995.

Daily temperature variations are due primarily to changes
in cloud cover; only 63% of the possible solar insolation is
received at the ground due to cloud interception, a major
inhibitor of high temperatures. The northers sometimes lower
temperatures to less than 10°C during the winter months.
Temperature spans monthly minima of 16°C to monthly max-
ima of 33°C in the lowlands. Higher elevations are cooler, but
freezing temperatures have never been recorded in Belize
(Walker, 1973).

Figure 2 shows monthly temperature and rainfall for three
representative sites in central Belize that range from sea level
to 560 m elevation. The highest, Cooma Cairn, islocated in the

Copyright © 1996 by Thomas E. Miller
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Figure 1. Rainfall isohyets, Belize (after Hartshorn et al.,
1984.

northern Maya Mountains above the Boundary Fault Karst. All
have precipitation greater than 100 cm/yr and mean tempera-
tures above 20°C. March and April are the driest months at all
three sites, with May being the month with the most variable
rainfall pattern. The wet season occurs from June through
December. Because of the abundant precipitation and vegeta-
tion, evapotranspiration operates nearly at maximum rates all
year except for the short dry season.

A stream-gauging network has been established in Belize,
but few streamflow data have been published (Government of
Belize, 1982). For the water year 1981-1982, the mean annual
flow of the Belize River, the largest in the country, was calcu-
lated at 155 m3/sec (Hartshorn et al., 1984). Unit catchment
sizes needed to produce 10 m3/sec mean annual discharges
ranged from 160-525 kmz2, generally with the smaller areasin
the higher rainfall regions of the south.

ReEGIONAL GEOLOGY AND ORIGIN
OF THE MAJOR KARSTED RocKS

All known caves and karst in Belize are developed in car-
bonate rocks, primarily Cretaceous limestone. Much less fre-
quently, Tertiary dolomites and Quaternary carbonates contain
solutional features. Most prior geologic attention has concen-
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Figure 2. Climate data, Belize: three selected sites (from
Miller, 1981a).

trated on the mineral potentia of the Maya Mountains, the
petrocarbons of the deeply-buried Cretaceous carbonates of
northern Belize, or the ecologically-interesting barrier reef.
Consequently, basic stratigraphic knowledge of the Cretaceous
limestones has scarcely advanced beyond Ower’s (1928) fossil
collecting, and most is of peripheral value to karst investiga-
tions. The several units of Cretaceous carbonates continue to
remain undifferentiated on most geologic maps (Figure 3).

Although preliminary geologic work was begun in Belize
near the turn of the twentieth century, the first detailed studies
were by Ower (1928). These were followed by Flores (1952)
and numerous reports beginning in the late 1960s. The total
number of geologic studies increased dramatically in the
1970s, and in the 1980s the Office of Geology and Petroleum
(Ministry of Natural Resources) was established by the gov-
ernment of Belize.

TeCTONIC HISTORY

The geologic structure of Belize is dominated by the Maya
Mountains (or Mayas). Although underlain chiefly by essen-
tially non-soluble metasediments and igneous intrusives, the
evolution of the range played a major role in the location of
later carbonate rocks, as well as the topographic situations
most favorable to cavern development in Belize.

The Mayas are an uplifted block of Paleozoic metasedi-
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Belize
Geology

Guatemala

" Tertiary:Carbonates, etc.
Cretaceous-Paleocene Limestone

{ ] Non-Carbonate Highlands

- Clastic Rocks and Sediments

Figure 3. Generalized geology of Belize, detailing the car-
bonates most important for karst.

ments and Triassic intrusives that is bounded on the north and
south by major faults striking east-west (Dixon, 1955). The
eastern boundary is also probably a major fault. The underly-
ing structure of the sloping western edge of the mountains is
obscured by Cretaceous and Tertiary carbonates. The Mayas
are the eastern terminus of the anticlina La Libertad Arch,
which extends into Guatemala. The present horst structure of
the Mayas dates from the mid-Cretaceous, influenced by
Paleozoic age lineaments apparently related to initiation of the
La Libertad Arch. The block was affected by periodic relative
uplift until the mid-Tertiary (Bateson & Hall, 1971).

Fewer than 25 km from the southern end of the Mayas, and
paralleling the LaLibertad Arch, isthe Cayman Trench and the
extensive complex of the Motagua Fault Zone. This 2,200-
km-long complex isthe boundary between the North American
and Caribbean plates, atransform fault with left-lateral motion.
It was probably initiated in the Permian, when north-south
compression in the Mayas forcefully intruded granites with
associated volcanism and basalt outflow. This episode lasted
until the late Triassic (Dillon & Vedder, 1973) and included the
initiation of block faulting. Mgjor fault development also
occurred in the Cretaceous (Meyerhoff, 1966; Dengo &
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Bohnenberger, 1969; Malfait & Dinkelman, 1972; Dengo
1975; Newcomb, 1977).

The LaLibertad Arch and the Maya Mountains parallel the
plate boundary for 200 km and share a history of Paleozoic ori-
gin and major Mesozoic fault activity. They almost certainly
have a causal relation to activity along the Cayman-Motagua
Complex, but with a greater uplift. Quaternary movement
aong the Motagua Fault has been estimated at 0.5 cm/yr
(Kupfer & Godoy, 1967; Schwartz, 1977).

CRETACEOUS CARBONATE DEPOSITION

Although limited Jurassic sedimentation occurred, thelocal
event of greatest karst significance began with massive deposi-
tion of Cretaceous evaporites and marine carbonates through-
out the Caribbean. These grade upward into reef facies in
Guatemala and Belize that surrounded the then-extant islands
of the Maya Mountains (Dillon & Vedder, 1973). The
Cretaceous deposition is as much as 3,200 m thick westward
from the Maya Mountainsin the Peten of Guatemala, yet thins
to only 900 m at the mountain fringes (Viniegra O., 1971). At
the close of the Cretaceous, the west end of the Mayas was
submerged and covered by limestone and dolomite (Bateson,
1972). Viniegra O. (1971) identified three mgjor divisions of
the Cretaceous carbonates in Guatemala, which he also applied
to Belize. The oldest unit, the Coban Limestone, has been
reported in outcrops north of the Mayas, possibly in theYalbac
Hills (Hartshorn et al., 1984). Most of the rest of the
Cretaceous outcrops, including the Caves Branch area, the
Vaca Plateau, and in southern Belize, were identified as the
middle unit, the Campur Limestone.

RecenT GEoLOGIC HISTORY

Intense folding and thrusting occurred in Guatemala and
Mexico during and after the late Cretaceous. Only minor tec-
tonic activity affected Belize in the Tertiary, and shales, silt-
stone and limestones were deposited over much of the area
(Dillon & Vedder, 1973). Northern Belize has since been char-
acterized by slow subsidence and attendant carbonate deposi-
tion through most of the Tertiary. The primary deposition
episode was in the late Paleocene to Eocene (Pusey, 1975;
Dillon & Vedder, 1973). Late Cenozoic uplift in the Mayas has
raised Oligocene carbonates to 50 m above sea level, and fur-
ther recent uplift is demonstrated by numerous river terraces,
cave levels, and modern marine faunal remains in inland sedi-
ments (Jean Cornec, Office of Geology and Petroleum, per-
sonal communication, 1986). “Tilted” stalactites in the Blue
Hole, a drowned doline on Belize's barrier reef, have been
cited as evidence of recent and continued tectonic activity
(Dillon & Vedder, 1973). However, such features are common
in large inland cave entrances, apparently due to differential
calcite precipitation. Most recently, Quaternary alluvium from
the Maya Mountains filled in an arm of the ocean that had



extended into central Belize.

In summary, the events of chief geological significance to
karst development in Belize are:

1. deposition of clastic sediments, and subsequent uplift

and instrusions by granites;

2. massive Cretaceous carbonate deposition, around and

on the Maya Mountains; and

3. theuplift, faulting, and fracturing related to the near

by plate tectonic boundary.

Sizable volumes of runoff from highlands of poorly soluble
metasediments and crystalline rocks entered large areas of
lower-lying solublerocks. Large caves formed as these streams
sank underground. Extensive areas of carbonate rock that are
not peripheral to the Mayas, primarily in northern Belize, do
not display pronounced karst.

KARST REGIONS OF BELIZE

Eight karst regions have been identified in Belize and cover
about half of itsarea (Miller, 1986a). The regions are shown in
Figure 4 and a summary of their characteristics is given in
Table 1. Although all eight regions share similaritiesin climate
and geology, only five are dramatically karsted; these cover
about 3,000 km?2 of atotal land area of 23,000 km2. In the fol-
lowing brief individual discussions of these regions, it is evi-
dent that the most dramatic expressions of karst topography
and cave development occur in those Cretaceous carbonates
downslope of catchments integrated on the intrusive and meta-
morphic highlands of the Maya Mountains. Other hydrogeo-
logic factors particular to each region have played relatively
minor roles in their development.

The two karsts most examined in Belize are those centered
on the southern Vaca Plateau and on the Caves Branch section
of the Boundary Fault Karst. These areas will be discussed in
more detail as type examples of the surface formation of karst
in Belize. Caves Branch best demonstrates subsurface devel-
opment.

Severa features are common to most Belize karsts. Large
areas contain sinking allogenic streams (Figure 5), integrated
dry valley networks of fluvial origin, “hanging valleys” and
poljes with through-flowing allogenic rivers. Other areas con-
tain thousands of closed depressions of seemingly chaotic dis-
tribution.

Those areas in Belize dominated by closed depressions of
at least 30 mrelief, surrounded by residual hills, are similar in
appearance to areas elsewhere called kegelkarst, or conekarst.
Because the depressions are the dynamic foci of surface ero-
sion, and aretermed “ cockpits’ in Jamaica, these areas are here
referred to as “ cockpit karsts’ in keeping with the terminology
of their nearby analogues.

Scores of vertical-walled depressions scattered throughout
Belize are sited over and near known cave networks, and are
likely collapse features (Figure 6). They are impressive, but of
minor total area. The densest grouping isin the Chiquibul area
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Figure4. Themajor inland kar st areas of Belize. Three of
the Offshore Karst sites are shown.

Figure 5. The ponor of the Caves Branch River at the
north end of its polje. The hills are about 50 meters high.
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Table 1. Characteristicsof Major Karsts of Belize.

L ocation Area (km2)
1. Boundary Fault 300
2. Vaca Plateau 1000
3. Sibun-Manatee 550
4. Little Quartz Ridge 750
5. K-T Fault Ridges 300
6. Cayes/Barrier Reef —
7. Yalbac Hills 1950
8. Tertiary Rocks 7000

Relief (m) Erosion Features
350 100 C,PF
400 130 CF
200 — PT
600 — CF
250 120 CF
1507 — —

200 — —
70 — —

where: areais in km2 within Belize, maximum aredl relief isin meters, erosion is the rate of solutional removal of CaCO3 (mz/km?’/yr), and C (cockpits), P (poljes), F (fluviokarst), and

T (towers) are landform features common to the surfaces of these karsts.

of the Vaca Plateau, where 20 known collapses cover only 2%
of the 30 km2 in which they occur.

The large alogenic streams that enter the carbonates fre-
quently bore through at local base level to emerge on the plains
near sea level. They flow through large cave passages—trunk
conduits—that developed independently of internal runoff
from the karst surfaces. None of the allogenic streams merge
below ground.

1. BOUNDARY FAULT KARST

The Boundary Fault Karst is sharply delineated. It is
bounded on the south at 200-300 m elevation by the Northern
Boundary Fault. This east-west trending fault spans the width
of the country, has a downward throw to the north of at least
900 m (Dixon, 1955), and forms a 700- to 800-m-high escarp-
ment. The region’s northern margin is a relatively abrupt ter-
mination at the contact with younger, chiefly carbonate,
Paleocene-Eocene formations that continue northward as
rolling plains. The Cretaceous limestone ends in hills 30 m or
more in height at an elevation of 40 m a.sl. A few isolated
towers extend into the alluvium-covered plains.

The Boundary Fault region is lithologically and structural-
ly almost identical to the Sibun-Manatee Karst, but is distin-
guished morphologically from the latter. The difference results
chiefly from the Boundary Fault Karst’s higher elevation and
steeper slope due to its closer proximity to the highest and
most pronounced portion of the Northern Boundary Fault.
Structurally, the area is a northward-dipping shelf of
Cretaceous Campur Formation carbonates, marked by north-
or northeast-trending faults. The Northern Boundary Fault dis-
appears northward beneath the Cretaceous carbonates, and is
believed by Cuche and Glaus (1967) to pre-date them.

Major valleys aligned along the north-trending faults are
cut by small rivers descending onto the carbonates from den-
dritic catchments on the granites and metasediments of the
Mountain Pine Ridge to the south. Smaller valleys are also cut
by lesser streams that enter the karst. These streams penetrate
distances proportional to their catchment areas and discharge
(Miller, 1981a), before disappearing into poljes and trunk con-
duits. The larger rivers, Barton, Roaring, and Sibun, are al
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through-flowing to the sea; the Caves Branch is pirated under-
ground, but a wide flat opening in the hills at the northern end
of its polje suggests this river was a so through-flowing in the
past.

The geologic conditions of the Boundary Fault region are
conducive to the formation of trunk conduits. Well-integrated
streams discharge large volumes of solutionally-aggressive
water from the Mountain Pine Ridge onto the limestone. At
present, perhaps 70 km of active and abandoned trunk passages
have been mapped in this karst (Miller, 1990a; Marochov &
Williams, 1992; Hollings, 1994).

Although Day (1979, 1987) has examined surface depres-
sion development further west, currently the Caves Branch sec-
tion of the Boundary Fault Karst has been studied in the great-
est detail (Miller, 1977, 19814). An overview of its hydrology,
hydrochemistry, and geomorphology follows as a summary of
the common conditions that prevail throughout the karst
region.

CavES BRANCH GEOLOGY AND MORPHOLOGY

The Caves Branch River originates in the Mountain Pine
Ridge in the center of Belize, with a noncarbonate catchment
area of 64 km2. Two other allogenic streams flow from these
highlands through major trunk conduits to the Caves Branch,
with respective catchments of 20.3 and 3.3 km2. The remaining
area of the river’s karst catchment is vaguely defined as ~100
km?2 because its drainage is internal. The Caves Branch disap-
pears into the Cretaceous limestone at a large ponor, or open
conduit sinkpoint, after flowing 10 km through a prominent
polje floored with clay, sand, and cobbles derived from the
highlands (Figure 7).

The limestone of the Caves Branch has a restricted fauna
typical of lagoonal to back-reef deposition (Flores, 1952). The
majority of exposures are 2-15 cm (often larger) gray or
cream-colored limestone breccias cemented in a red calcite
matrix. Anderson et al. (1973) described a similarly-appearing
breccia of lower Cretaceous age in Guatemala that he identi-
fied as “clearly depositional.” In Caves Branch, bedding is
rarely encountered, and is infrequently more than 40 meters
thick. Therock iswell-fractured. Slickensides give evidence of
faulting, which is difficult to observe because brecciation



Figure 6. The collapse doline of Nohoch Ch’en (Great
Well), ontheVaca Plateau, possibly overlying a segment of
the Chiquibul System. The doline is 300 metersin diame-
ter and about 50 meters deep.

obscures relative movement and the amount of displacement.
Where bedding is present, it usually dips 5° or less, most fre-
quently to the northeast. Of three local samples of Cretaceous
limestone (Table 2, Miller, 1981a), two were micritic clastsin
the breccia which resembled rock exposed in bedded areas and
one was a mixture of clast and matrix. All were very pure cal-
citic rock.

Table 2. Analysis of Three Rocks from the Caves Branch
Valley.

General Description CO, MgO CaOo
Micritic Clast 4170 024 57.32
Micritic Clast 4316 036  58.09
Breccia 4180 0.92 57.08

all values given in %, (from Miller, 1981a)

MILLER

SURFACE MORPHOLOGY

Hundreds of cockpits in the Caves Branch area, most sur-
rounded by hills, have been outlined from airphotos (Miller,
1981a). Smaller dolines frequently nest within the larger
depressions. Visible differences in texture separate groups;
large dolines are common, but depressions may occur as
numerous, smaller, densely-packed clusters.

Beneath heavy vegetation, the hilltop ground surfaces are
often bare rock, deeply fissured to several meters along joints.
The cockpit floors contain clayey soils reaching depths of tens
of centimeters. Many cockpits, but not all, contain smple inte-
grated drainages terminating in vertical bedrock swallets (sink-
points which may or may not be open cave entrances).

Nearest neighbor analyses were performed on 210 dolines
identified from aerial photographs (40-m contour intervals on
topographic maps were too large for adequate interpretation) in
the Caves Branch area. In asimilar section of the southern Vaca
Plateau, 160 dolines were analyzed (identified from topo-
graphic maps because contour intervals were a useable 20 m
and aerial photographs could not be obtained). The patternsin
both areas differed significantly from a purely random distrib-
ution, with a trend towards uniform patterns of dispersion
(Miller, 1981a).

In the Caves Branch, a 20-km2-area was chosen to identify
influences of major joints and faults upon cockpit siting, as
interpreted from photo-lineations. The 255 depressions within
this area highly correlated with the lineations (Miller, 1981a).
The cockpit karst appears to be the likely result of non-random
processes of fluvial dissection centered by points of lithologic
weakness; it has presumably advanced in dissection until past
evidence of fluvial networks was largely obscured.

HyDbroLOGY AND CARBONATE WATER CHEMISTRY
Data collected from 1976-1979 by Miller (1981a), com-
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Figure 7. Major caves of the Caves Branch Valley (after
Miller, 1981a).
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prise most of the hydrology information about the Caves
Branch area. Daily rainfall records were also kept during most
of the 1950s to the 1970s at three sites along the Hummingbird
Highway: Roaring Creek, Caves Branch River, and Sibun
River (Walker, 1973). Mean annual precipitation was 207, 236,
and 264 cm respectively, with wet season conditions dominat-
ing from June to November. Mean annual temperature, as esti-
mated from caves, is 24°C. Precipitation in the Caves Branch
drainage basin is concentrated in a dlightly longer June-
December wet season with convective storms producing rain-
falls>5 cm/hr. Dry season discharge of the Caves Branch River
was stable at 0.5 m3/sec, with wet season floods exceeding 100
m3/sec.

Scores of tributaries and uncounted stalactite drips feed the
trunk conduits. Their sources are autogenic water derived from
rainfall onto the karst hills bordering the polje. The combined
alogenic and autogenic recharge of the area resurges 5 km to
the northeast at the termination of the karst.

Surface flow on the karst is infrequent, even though most
large cockpits contain stream channels integrated on the clay
floors. The permeability of the karst is such that flow occurs
only when rainfall exceeds 12 mm per day. The range of hard-
ness of these streams was a low 10-40 mg/L (as CaCOs), as
was PCO2 at 0.05-0.35%, and they were undersaturated with
respect to calcite (Slc -2.54 to -1.05) and dolomite (Sld -2.86
to -1.77).

The autogenic streams and drips display a pronounced,
delayed response in discharge at the start of each wet season
(Figure 8 and Miller, 1983). The mass volume of early wet sea-
son rain, falling prior to hydrograph response, closely approx-
imates calculated losses from aquifer storage due to unreplen-
ished base flow during the dry season. A deterministic com-
puter model was able to correlate volumes and temporal

BOILING
HOLE

CAVES BRANCH,
BELIZE

1979

833888
Total Hardness
(as mg/L CaCOy)

[ ]
iy

hardness,

(]
b

-y £

discharge

(29s/ow)
394VYHISIA

rointall
|

Al ..uln.ll”| ||. Ll =2

MAY JUNE boguny
TEMillr 19%
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ley rainfall of the Boiling Holetrunk conduit stream, locat-
ed midway on the east side of the Caves Branch polje (from
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responses of discharge to rainfall, and enable calculations of a
minimum effective porosity of 2-3% for the Caves Branch
karst. A mean residence time of up to seven months was indi-
cated (Miller, 1981a).

The amount of limestone solution by allogenic highland
water was obscured by mixing with autogenic waters in the
trunk conduits. These allogenic streams all had hardnesses of
less than 35 mg/L (as CaCOs) prior to contacting the carbon-
ates, pH <7.0, and were undersaturated with respect to calcite
( Slc-3.79 to -0.82) and dolomite (Sld -3.64 to -0.87).

Most waters entering the trunk conduits were supersaturat-
ed and depositing travertine, with markedly higher hardnesses
(means of 187 mg/L as CaCOsz, and PCOz2 1.1%) than either the
cockpit source runoff ranges noted above, or mean measured
local soil CO2 of 0.7%. A subsurface enrichment of PCOz2 is
indicated, possibly through decay of vegetation washed into
the aquifer. Combining these data with open-system carbonate
solution (per Langmuir, 1971) asindicated by the high internal
porosity, led to a calculation of a relatively high denudation
rate of ~100 m3/km2/yr (Miller, 1986b).

Cave MORPHOLOGY

Extensive cave exploration and mapping has occurred in
the Caves Branch River valley and its environs. At least 60
caves are known, totaling about 50 km explored with about 45
km of these mapped. Because the Caves Branch area is well-
studied and contains numerous features common to other karst
areas of Belize, the characteristics of its caves are examined
below in detail. Much of thisdiscussionisfrom Miller (1981a).

Morphologic and hydrologic criteriawere used to establish
cavern categories for the Caves Branch area, largely based on
phreatic versus vadose features of individual passages.
Relevant characteristics are outlined for each cave and respec-
tive group in Table 3. Because the trunk conduits are so exten-
sive, they often intersect other cave types, forming aggregates
or systems (Figure 9). These merging cave passages have been
treated as separate caves in Table 3.

PHREATIC CAVES

Four cave types of chiefly phreatic origin can be distin-
guished. Two are inactive or fossil. The other two are only sea-
sonally active, but owe most of their features to solution under
phreatic conditions.

Isolated Phreatic Caves. This group is composed of fossil
chambers scattered at moderate to high elevations of 50-150 m
above local base level. They are generally three-dimensionally
complex and consist primarily of rooms rather than passages.
No scalloping or fluvia sediments are present to identify local-
ized stream flow, and the solutional pocketing, discordant ele-
vations, and elevationally nongraded floors all indicate an iso-
lated, nonintegrated phreatic origin. Joint control appears pre-
dominant with only minor bedding effects. Any collapse and/or
sedimentation present is due to breaching and invasion related
to surface erosion, rather than to phases of cavern formation.
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Table 3. Some Type Examples of Cavern Morphologic Classes, Caves Branch
1 2 3 4 5 6 7
UT™M Speleothem
Class Name D Location Phreatic ‘Vadose Plan Type Size Collapse Development Sediments
Zuhuyha Toh Z-4 997218 Cs s H 60 - - -
* 5% Solution z-1 971187 C ? ? ?
“ Crooked Bend Z-31 943184 Cs 2 150+ au
Isolated Phreatic Swiss Cheese 0-3 004227 Cf 3 2007
Candlestick 0-12 947193 If 3 1-200 M1 M3
Cave-Around- 0-17 912146 If 3 1507 Mi M2
The-Bend
Swallet - S-1 997225 s A% 20
Swallowet Hole S-4 955194 s \% 40 au
VICEG S-5 956191 S \ 100?
Pirate Thunder Road P-4 007221 Cs s 2 200+ al
Buccaneer Alley P-5 004218 Cs s 2 500 al
Zephyr Zig-Zag P-8 956185 Cf,s(D) f.5() 2 300 al
Margin Swallet - M-2 001217 Cs ? ? ?
- M-7 965197 s v? ?
- M-11 f? 2 40 Ml
Trunk Conduit Tuxmanu Yocmac, 940152 Cs s 2 1100 M2 al
Chek
High Levels, 915150 Cf f 2 300 Mi al
Lubul Ha
Petroglyph C P 2 3000+ Mi M2
Collapse Chamber Cantzicnal Caan, 918157 If 2 200 M3 M3
Lubul Ha
Burial Chamber, 983175 If 2 300 M3 M2
Petroglyph
Mtn. Cow 958188 If 2 1000 M3 M3
1 Phreatic C - conduit; I-isolated; f- fossil, s - seasonally active
2 Vadose P - permanent stream; s - seasonally active, f - fossil
3 Plan Type H - linear horizontal; V - linear vertical; 2 - two dimensional (horizontal) 3 - three (dimensional)
4 Size (known passage length, in meters)
5 Collapse M - 3,2,1 major, moderate, minor
6 Speleothem Development M - 3,2,1 major, moderate, minor a-active f - fossil
7 Sediments Co - cobble fill; D - dirt; al - allogenic source, au - authigenic

Speleothem development is variable in extent and activity,

though generally common.
Chamber Sratum Caves. Many massive collapse areas <]<j\\/
exist underground that share similaritiesin their general align- A

ment with the trunk conduits. In most instances, the collapses
consist of rubble-floored chambers with extensive active and
inactive speleothems (Figure 10). With rare exception, ceilings
occur at elevations of 50 m or less above neighboring trunk
conduits. It is not possible to determine the elevations of the
bottoms of the collapses, but they appear to be no lower than,
and sometimes above, the floors of the trunk conduits. Nearly ’ ?cﬂveb
al these rooms are parts of cave systems that include trunk ——
conduits. Sizes of the chambers range up to 300 m in length, Phreatic
with ceiling heights often reaching 20 m. Because of wide-
spread collapse, undisturbed sections of bedrock are almost
entirely absent. High portions of these caves sometimes show
undisturbed phreatic tubes and chambers with little or no evi-
dence (e.g. scalloping) of localized conduit flow. The collapse
material nearly aways lacks markings from any solutional Figure 9. Generalized relations of cave and passage types
activity subsequent to collapse. Clastic sediment accumula- in the Caves Branch.

Isolated Phreatic
», Cliff - Foot
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Figure 10. A collapse chamber intersected by the trunk
conduit of Petroglyph Cave.

tions are absent except where bordered by a trunk conduit.

Generally, the collapsed chambers clearly predate the trunk
conduit channels. For example, the modern, hydrologically
active trunk conduit at the Petroglyph Cave entrance flows
briefly in a symmetrical tunnel, 15-20 m in diameter, with a
roof composed of breakdown blocks in the sink above, and a
floor cut in bedrock. In most other chamber/trunk conduit
intersections the conduit has cut into bedrock dightly below
the apparent base of the collapse. Widespread collapse on a
massive scale obscures bedrock clues concerning their devel-
opment.

Some examples exist of collapse after trunk conduit forma-
tion and intersection. In the Dead Room of Actun Lubul Ha

(Figure 11), collapse has filled a former stream passage and
presumably forced its abandonment as an active channel.
Streams have cut smaller channels on both sides of the block-
age upstream, but failed to link up again with the former down-
stream segment. No clastic sediments or remnants, buried by
collapse or otherwise, have been found in collapse chambers
except directly alongside active trunk conduits. Huge
speleothems are additional evidence of the great age and rela-
tive stability of most collapse chambers.

Zuhuyhas (“ zu-hu-e-ha;” from Yucatec Maya for “virgin
water”). These are chemically diffuse flows that have the
hydrological character of trunk conduits. They are active con-
duits of autogenic flow generally found at the lowest levels of
the explorable karst. Most discharge into the trunk conduits,
where they often deposit travertine (Figure 12), but several
emerge as surface springs. Internal speleothem or calcite depo-
sition is rare. No clastic sediments of obvious allogenic origin
are ever present. Zuhuyhas are probably dendritic collectors of
long residence karst water from the overlying karst surface,
and are subject to runoff pulse transmission and expulsion dur-
ing the wet season. They undergo seasonal to continuous mod-
ification, and, when active, consist of flooded segments
(sumps) with intervening air-filled sections, except in highest
flow. These passages are occasionally anastomosing, frequent-
ly tubular in form, scalloped, irregularly pocketed, joint-guid-
ed, and lack graded profiles. Travertine deposition (into trunk
conduits for example) is common at their termini, but other
calcite precipitation is rare. At present only one zuhuyha has
been penetrated during the dry season to these predicted inner
regions. Most are enterable no more than 50 to 100 m.

Figure 11.
Western end of
Actun Lubul Ha
showing multi-

level character /
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duit, collapse
chamber,
entrenchment, Dutk 2
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(from  Miller,
1981a)
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Figure 12. A wet season zuhuyha depositing travertine
whereit entersabovethefloor of thetrunk conduit of Saint
Herman’s Cave in the Caves Branch area.

Karst Margin Swallets. These caves are found at or near
local base levels, and function as intake conduitsinto the lime-
stone for solutionally aggressive runoff from valley clays and
clastics. They are commonly phreatic and anastomotic in plan,
and rapidly lead to sumps with seasonally fluctuating levels.

EPIPHREATIC/VADOSE CHANNELS

These cave passages form the majority of the passages
known in Belize because of their attractive size and ease of
exploration. Though they may contain sumps, they generally
have ample airspace except during seasonal flooding. Three
passage types are known: trunk conduits, swallets, and piratic
conduits.

Trunk conduits. The bulk of the known Caves Branch area
cave passages belong to this category (Figure 13). Trunk con-
duits are the allogenic counterpart of the zuhuyhas, functioning
to transport water and sediment from the highlands through the
karst. Because of the large areal coverage provided by these
lengthy conduit networks, much autogenic water is intercepted
by them.

By far the largest trunk conduit in the Caves Branch areais
within the 30-km-long Caves Branch Cave System, but the
trunk conduits of Actun Chek (~9 km) and Actun Lubulha (~4
km) are also major karst throughways.

In Caves Branch, trunk conduits parallel photo-lineations,
are similarly oriented to the regional fault trends, and also par-
alel the local topographic dip, which is generally to the north-
east. In the brecciated bedrock there are no aquitards and bed-
ding planes to encourage lateral development and truncate ver-
tical fractures. However, Lubulha and Chek near the Northern
Boundary Fault show examples of offset multi-level develop-
ment, as opposed to the entrenchment in the trunk conduits of
the main Caves Branch Cave System. In both caves, the fossil
channelslie up-dip and topographically higher than the present
active channels, and down-dip migration appears to have

MILLER

occurred.

Swallets. These shaft caves function as transport channels
for runoff from the karst's surface to its subsurface drainage
system. They are almost exclusively vadose in morphology,
with vertical, fluted walls and minor clastic deposits. Those
presently known are located at or near cockpit bottoms, fre-
quently at the end of agully cut into the floor. Streams flow in
the gullies only during prolonged or very intense rainfall.
Passage orientation in the swallets is exclusively controlled by
joints in the bedrock. Collapse occurs in solutionally-“ rotted”
limestone, but is not common. In contrast to the other cave
types, swallets diminish in size along their courses. They end
either in sediment chokes or impassably narrow fissures. Those
known are al less than 30 m deep.

Piratic Conduits. The extent and function of these conduits
in Belize are largely unique to the Caves Branch area. They are
distinguished from the trunk conduits chiefly by smaller size,
location, relative age, and the transport of predominantly allo-
genic water. They exist only where the Caves Branch River
parallels a major cave conduit, and feed extracted river water

Figure 13. Themain passage of Petroglyph Cave. Notethe
allogenic clastic sediments on the floor and theincised wall
niches. Thelowest 1.5-m-high nicheiscommon to all trunk
conduits of the valley.
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to the neighboring trunk conduit. All have joint-controlled
courses and sizes averaging 2-3 m high by 1-2 m wide. They
are always located on the polje-ward side of the trunk conduit
into which they empty, have sediments of Mountain Pine Ridge
origin, low solute loads of less than 100 mg/L total hardness
(as CaCOg), and comparatively high water temperatures of
about 25°C. Finally, the mean solute content of each piratic
conduit stream increases with distance downstream in the polje
and mimics that of the nearby Caves Branch River. Except for
short sump sections, all are presently in states of active vadose
entrenchment and all but one enter flush with the trunk conduit
floor. These last four characteristics are opposite those of
zuhuyhas off the same trunk channels.

The major cave network change presently occurring in the
upper Caves Branch Cave System (e.g. Petroglyph Segment) is
the growing complexity of the network through growth of
piratic conduits. The main trunk conduit is laterally offset and
lower than the surface river channel that it parallels, giving it a
hydraulically advantageous position relative to the independent
surface stream. Thisislikely dueto insoluble sediments armor-
ing the polje floor. This appears to be common elsewhere.
LeGrand and Stringfield (1963) have noted that the lower
course of the Rio Cobres, in Jamaica, lies on alluvium higher
than the neighboring water table in the limestone. Brown and
Ford (1973), aso in Jamaica, and McDonad (1976a), in
Belize, have noted the apparent affinity of many polje and open
polje streams for residual limestone masses. McDonald postu-
|ates that “the limestone is highly soluble and has devel oped
much secondary porosity, which allows for freer movement of
runoff to the water tables than the relatively insoluble and
impermeable aluvium.”

CAVES BRANCH SUMMARY
In the Caves Branch area, the high caves are isolated and
unintegrated in the top 70-150 m of the aquifer. They are
abruptly replaced in the bottom 20-30 m by the well-integrat-
ed present network, where the function and relationships of al
conduits types are known. There is no apparent evidence of
headward integration of the various components, or gradual
evolution of the aquifer to the present low-gradient state.
The initial siting of the surface river channel was followed
by:
1. development of large alogenic phreatic or
epiphreatic trunk conduits
2. zuhuyhaintegration with the trunk conduits
3. vadose entrenchment and/or development of lateral
cut-off
4. formation and integration of piratic conduits in the
upper Caves Branch Cave system, followed by a
phase of sedimentary infilling
The surface depressions have demonstrated a significantly
greater occurrence near photo-lineations and the northeast-
southwest trending fracture system, and are presumably locat-
ed at favorable sites for the movement and penetration of
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groundwater. However, there appears to be little correlation
between surface and subsurface features. Observed photo-lin-
eations seldom correlate with cave passages, and except for
rare instances where massive collapse occurs to the surface,
most breakdown chambersin the caves have no surface expres-
sion.

While some zuhuyhas demonstrate a tendency to occur at
sites where a large doline was located near a conduit, trunk
conduits rarely pass beneath surface dolines, and never follow
surface valleys. Surprisingly, much of the course of the upper
Caves Branch Cave System strongly correlates with surface
ridges, in spite of a limestone thickness exceeding 100 m.
Brown and Ford (1973) described a similar situation in
Jamaica where conduits tended to locate beneath hills rather
than depressions. It is unclear why the obvioudly joint-guided
cave passages have an affinity with surface ridges, rather than
beneath the dolines which are demonstrably favorable loca
tions for water movement.

2. VACA PLATEAU KARST

The Vaca Plateau, containing the Chiquibul area, is the
largest of Belize'sfive mgjor karsts (1,000 km?) and isthe east-
ward end of abroad platform of Cretaceous carbonates extend-
ing from central Guatemala. It spreads 10 km west into
Guatemala, to the gorge of the Chiquibul River, and extends
south and east to the Maya Mountains. To the north, it is
defined as ending at the Northern Boundary Fault where it
indistinctly merges into non-Cretaceous carbonates and clastic
sediments in the plain of the Belize River. This limestone
plateau has relatively uniform summit elevations, but its inter-
vening areas are quite rugged with steep local reliefs of 100-
150 m. It increases in genera elevation from about 400 m in
the north to about 700 m in the south, near the contact with the
noncarbonates of the Maya Mountains.

VAcCA PLATEAU GEOLOGY

No in-depth studies exist of the limestone. (Editors note:
See Reeder, Brinkmann, and Alt in this issue for recent petro-
logic analyses.) Previous geologic work has concentrated upon
the mineralogy of the surrounding Maya Mountain’s Paleozoic
metasediments and Triassic granites (Flanders, 1978). The
limestone Campur Formation dips gently westward, lying
unconformably over these older noncarbonate units.

The Vaca Plateau is crossed by several major faults striking
southwest-northeast. Aerial photographs of the Chiquibul sec-
tion, in the southern plateau, show numerous linear features.
Flanders (1978) stated that the streams on the noncarbonates to
the south are fully structurally controlled by joints, faults, and
bedding planes. Faults and major joints are likely the causes of
linear features noted in the limestone. Identification of faultsin
the fidld, and verification of their influence, are hampered by
the thick vegetation, and in the caves, by the ubiquitous brec-
ciated bedrock, inaccessibility of many walls and ceilings by
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Table 4. Rock, Sail, and Sediment Analyses from the Chiquibul, Belize, 1984.

Class/Type

Cockpit sediments
Bedrock

Cavern sediments
Highlands soil

P Wwou S

Fe-
SOy, AlyO3 oxides CaO MgO NayO
611 241 95 15 0.8 0.3
00 00 0.0 682 257 59
854 69 31 0.3 <01 05
68.7 167 97 17 0.5 0.3

n = number of samples; figures are %, only 6 variables analyzed (after Miller, 1987).

large passage dimensions, and the massive deposition of sedi-
ment and spel eothem on exposed surfaces.

The Chiquibul expeditions (Miller, 1984, 1986¢c; Miller,
McNatt & Veni, 1987) identified two common lithologic units.
The first is that of a dense, micritic, often-crystallized bedded
limestone of dark gray to white hue. The second is a highly
brecciated, usualy recrystallized rock composed apparently of
clasts derived from the bedded limestone, set in a matrix of
orange-brown calcite. This second unit was the most common-
ly encountered in the area, perhaps because it was also the unit
in which all of the major cave exploration occurred. Table 4
(Miller, 1987) lists severa analyses of the bedrock from the
southern Vaca Plateau, showing the bedrock is a high-magne-
sian limestone.

SURFACE MORPHOLOGY

The Vaca Plateau can be separated into two distinct areas
(Figure 14). The northern two-thirds is a fluviokarst in which
integrated, dendritic valley networks are clearly visible from
aerial photos. These valleys are fossil; the local gradients of
their former thalwegs now contain closed depressions, though
remaining graded overall.

Most of the southern areais a cockpit karst, with consider-
ably less evidence of a fluvia past. Remnant limestone hills
rising above alluviated plains run up the eastern margin of the
southern karst in a several-kilometer-wide strip. The cockpits
contain short (<100 m) channels, ending in swallets and short
caves that likely direct surface runoff into the underlying trunk
conduits.

The present distinction between the two karst surfaces of
the plateau may simply be the result of their fluvia history —
the southern area receives discharge from several integrated
alogenic streams from higher-elevation noncarbonates to the
east. Table 4 demonstrates the similarity in composition
between soils on the noncarbonate highlands, soils in the cock-
pits, and sedimentsin the Chiquibul caves. Sediments from the
highlands have clearly been carried onto the eastern strip of the
karst and deposited into Chiquibul cockpits. Soils in the south-
ern section of the plateau display a very strong similarity with
soils and sediments developed in-situ on neighboring noncar-
bonate rocks, and a strong dissimilarity to insoluble residues of
the local limestone bedrock. Initially, this area likely hosted a

fluvial network until the allogenic streams were pirated under-
ground and induced the development of cockpit topography
and drainage.

In this scenario, the northern area of the Vaca Plateau
remains in a far less dissected state because the substantial
200-300 m incisions of the Macal and Raspaculo Rivers
buffered the limestone from incursions of aggressive allogenic
runoff. Well-integrated internal drainage focusing on trunk
conduits would not have occurred, which is consistent with the

Caracol

Figure 14. Boundariesof different sub-areasof thekarst in
the Chiquibul area, in the southern Vaca Plateau (from
Miller, 1984a).
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results of explorations in the area that have found few and rel-
atively small caves (Reeder, 1993).

CavE GEOMORPHOLOGY

At over 55 km in length and with a vertical relief of 300 m
through its four major caves, the Chiquibul System is the
largest hydrologically-linked cave network in Central America
(Figure 15). The passages in the western half of the system are
hydrologically active portions of the underground Chiquibul
River; most known passages in the eastern half are abandoned
channels. The river's ponor has moved upstream with time,
regressing 5 km to its present position, and largely bypassing
the eastern passages.

The eastern section of the system is the most complex, the
result of vertical and lateral migration of the river. Various sec-
tions of the system display at least four levels that can be cor-
related from cave to cave. The western section has the greatest
vertical development and the largest diameter passages—occar
sionally exceeding 100 m in width. Only a few kilometers of
the total mapped passages are independent tributaries. These
usualy enter at or dightly above the floor of the trunk con-
duits.

Except in some of the large rooms, there is surprisingly lit-
tle bedrock collapse for the size of the passages. Most break-
down is the result of massive stalagmites undermined by
repeated floods in the trunk conduits (Figure 16). The active
channels of the trunk passages are floored with sand and peb-
bles derived from the highlands. Most of the trunks are occu-

pied by large, lengthy clay banks tens of meters high and wide.

Isolated caves occur in the area, some of large size, but they
form only a small percentage of the known total. Only one is
an old high level river cave, the others being of isolated phreat-
icorigin.

CLIMATE AND HYDROLOGY

The Vaca Plateau is largely uninhabited, and long-term cli-
mate data are few. Data collected from 1956-1959 at
Millionario (Johnson and Chaffey, 1973) indicate a mean pre-
cipitation of only 148 cm/yr, and a wet season that begins in
May and lasts into December. Because these years were dight-
ly drier than average along the Hummingbird Highway, and
assuming a proportional relationship with the Millionario data,
which probably reflect a slight rainshadow from the Maya
Mountains, 200 cm/yr may be dightly closer to the long-term
mean rainfall of the Vaca Plateau as a whole. At the dlightly
cooler elevations at the southern part of the plateau, annual
runoff is estimated at 110 cm of the 200 cm total. Mean annu-
a temperature, as estimated from caves, is 22-22.5°C.

During the dry season, baseflow of the Chiquibul River was
measured at 2 m3/sec. Perhaps another 400-500 L/sec was con-
tributed by stalactite drips and the short tributaries carrying
autogenic water. Surface runoff was of short duration after
heavy rainfall.

All waters analyzed in the Chiquibul were akaline. The
Chiquibul River, both before and after sinking, was the lowest
in bicarbonate at 90-107 mg/L (as CaCQOg), and undersaturated
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Figure 16. An undermined and fallen stalagmite typical of
the Chiquibul System, aswell asin many other trunk con-
duits in Belize. Sumps and low ceilings in this cave are
located in synclinal areas.

for both calcite (Slc -0.68 to -0.19) and dolomite (SId -0.71 to
-0.24). The autogenic waters, however, were often in the 300-
400 mg/L range for bicarbonate, and PCOz2 frequently exceed-
ed 1%. These waters contained substantial amounts of magne-
sium, and were always oversaturated for calcite (Slc 0.18 to
0.98) and dolomite (Sld ranging to 0.88). A combination of de-
gassing in the trunk atmospheres, and incongruent dissolution
of calcite and dolomite may be indicated. Nearly aways, these
streams were depositing calcite where they entered the main
passages (Miller, 1984). Using a mean total hardness of 300
mg/L and mean runoff of 110 cm/yr, an approximation of mean
annual surface solutional removal of about 130 m3/km2/yr can
be calculated :
E = [Qa(H/d)]/100 [Eq. 1]

where
E = erosion rate (solute mass removed per year),
m3/km2/yr, inserting the absolute values of the following units:
QA = mean surface discharge, cm (precipitation -

evapotranspiration),
H = mean hardness of local discharges, as mg/L CaCQOsg,
and
d = 2.5 (assumed 2.5 g/cm3 density of the dissolved rock).

3. SIBUN-MANATEE KARST

The Sibun-Manatee is in many ways simply the eastern
extension of the Boundary Fault Karst. It does differ in two
important respects: rocksin its northeast corner are regarded to
be Tertiary dolomites (Cornec, 1986), and in surface appear-
ance most of it is tower karst. The region is bounded on the
west by the north-south line between Dry Creek and the Sibun
River, and by the contact with the noncarbonate highland to the
south. The tower karst summits rise to 200 m above flat valley
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floors that descend to sea level from less than 40 m inland.

SIBUN-MANATEE GEOLOGY

The southern half of the Sibun-Manatee region is in the
Cretaceous limestone of the Campur Formation that forms
most of the karst in Belize. If Cornec’s (1986) identification of
the northern half as Tertiary dolomiteistrue, it would be arare
example in Belize of significant karst development on non-
Cretaceous rock. Severa major faults in the area may be
responsible for uplifting the rock to the elevation of the
Cretaceous outcrops. However, arock sample from the Gracy
Rock area, in this northern section, showed an almost pure cal-
cite rather than dolomite, where CaO = 55.64%, MgO =
0.14%, and COz2 = 43.6% (Miller, 1981a).

CLIMATE AND HYDROLOGY

Rainfall is variable in this karst, declining from 210 cm/yr
at the southeastern corner to about 170 cm/yr near the coast.
Thisis among the driest of the major Belize karsts.

The majority of this area, unlike the Boundary Fault Karst,
is relatively remote from the noncarbonate highlands. Major
streams do entirely traverse the area, from Indian Creek on the
west, to the Manatee River, Bayman, Big, and Quamina creeks
on the east. These allogenic streams carry a high sand bedload,
and are associated with nearly all the large caves known in this
karst, although most of the runoff islikely of autogenic origin.

SURFACE MORPHOLOGY

The area consists of thousands of hills, a mixture of cock-
pits, small classical towersrising from flat floors, and skeins of
hills surrounding flat-floored depressions. The mixture may
result from tectonic juxtaposition of differing Cretaceous rock
units. Several north-south faults have been identified, and
numerous dominantly east-west linear features traverse the
hills. The lineaments separate tracts of hills with differing tex-
tures, either “smooth” with relatively similar summit eleva
tions, or with rough and broken cockpit topography.

Neighboring flat areas share similar elevations, and are
floored with insoluble clays. The clay source of those near the
through-flowing streams is presumably deposited material
from the highlands. The few interior valleys visited may con-
tain in-situ residuum from the carbonates, or deposits from
base level conduits that connect with the rivers. A few valleys
appear to have the integration associated with fluviokarst.

CAVE MORPHOLOGY

The major caves of the Sibun-Manatee region are domi-
nantly trunk conduits entered by alogenic highland streams.
Examples are Actun Kimin Cab, Manatee River Cave, the
White Ridges System (Darby Pat), and the five caves traversed
by Indian Creek. Caves abandoned by the alogenic streams
occur as far as several hundred meters from the present river
courses. The largest of these caves are multi-level, such as
Actun Kimin Cab and Gargantuan Cave (Miller, 1991) and the
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White Ridges System (Marochov & Williams, 1992), and are
reminiscent of the Caves Branch caves.

Other caves have formed where the major streams abut
bedrock, but do not use it as a throughway. These passages
tend to be smaller, of phreatic origin, and parallel the cliff face.
They may also be multi-level, such as The Lost World (Miller,
1991), indicating along period of development and adjustment
to incising base level streams.

Flat-floored depressions, surrounded by towers and floored
by insoluble clays, are often drained through small cavesto the
major river caves. They may also drain to what appear to be
small conduits developed within the karst hills that are inde-
pendent of the allogenic streams.

Isolated higher level caves have also been mapped to 600 m
long and 30 m high. They are located as much as a kilometer
or more from present river courses, do not contain river sedi-
ments, and their walls and ceilings are of obvious phreatic ori-
gin. They may represent an eastward extent of the large isolat-
ed phreatic cavities of the Boundary Fault Karst.

McDonald (1976a, 1976b) described ponded depressions
in the northern Sibun-Manatee Karst and cave streams in
Sulawesi, Indonesia, that appeared to preferentialy enlarge
cavernous openings in limestone bordering aluviated valleys.
He believed that the limestone presented hydraulically more
efficient pathways to streams perched on non-soluble alluvi-
um. The caves on Manatee River, Mahogany Creek, and the
three caves of upper Indian Creek are likely examples of this
phenomenon. In all of these cases, the through-flowing stream
should have experienced little difficulty in flowing around the
isolated hills in which they occur.

4. LiTTLE QUARTZ RIDGE KARST

Covering an expanse of ~750 km2, this karst is the second-
largest in Belize, and extends westward into Guatemala
Although only the interior of its western half is dominated by
the non-soluble rocks of the Little Quartz Ridge, this name has
been extended to the whole region.

LiTTLE QUARTZ RIDGE KARST GEOLOGY

The surface is presumably underlain by the same group of
Cretaceous limestones of the Campur Formation that form
major karst elsewhere in Belize. Faulting plays an obviousrole
in some areas, particularly along the Bladen Branch, whose
course, and many of its tributaries, is largely fault-controlled.
The sinkpoint of the Central River, draining the Little Quartz
Ridge, is at one end of a fault that extends 40 km southwest
into Guatemala. The two major fault orientations in the area
are at approximate right angles (southwest to northeast and
northwest to southeast), athough airphotos show other lin-
eations running east-west.

SURFACE MORPHOLOGY
There are three main elements of the Little Quartz Ridge
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karst. The western half is dominated by the Little Quartz
Ridge, a faulted ridge of upper Paleozoic metasediments and
volcanics. The streams formed on its relatively high summits
(>1,000 m) flow into the surrounding carbonates 300 m below
and at most penetrate a few kilometers before sinking. South
and west of the ridge the carbonates form a fluviokarst; other
areas are broad expanses with little relief. Many large vertical-
ly-walled dolines are scattered south and east of the ridge.
Eastward, the Bladen Branch river and its fault-controlled
tributaries drain a mixed surface of fluviokarst and cockpits.
Valley bottoms are at about 80 m mdl, with karst summits to
400 m. A few large collapse dolines are present. South of the
Bladen is a little-explored region of several hundred square
kilometers, also a fluviokarst with some linear features.

CLIMATE AND HYDROLOGY

The climate in the Little Quartz Ridge region is likely sim-
ilar to that of the K-T Fault-Ridges Karst to the south, with a
longer and considerably more humid wet season than the Vaca
Plateau to the north. Estimations of mean rainfall as high as
500 cm/yr have been made for these mountainous areas.

With such precipitation, large volumes of runoff enter the
karst, and four substantial rivers drain it, beginning in the west
with the Machaquila which continues into Guatemala. In
Belize, the Bladen Branch, Rio Grande, and Columbia Branch
are fed by numerous resurgences, and rise and sink throughout
their courses. The fluviokarst south of the Bladen is likely
drained by Deep River and Golden Stream.

CAVE MORPHOLOGY

Presently, the largest cavesin the Little Quartz Ridge Karst
are associated with the Rio Grande River. These include Tiger
Cave, the longest surveyed at 4 km. Tiger Caveis described as
a lengthy fossil trunk of the Rio Grande, with lower connec-
tions to the active river (Dougherty, 1985). Several small
stream tributaries were noted in the cave.

The entire Rio Grande valley begins 8-10 km upstream, at
the mouth of an abandoned resurgence. The valley is normally
dry, but is fed during floods by short surface streams and by
large overflow shafts, from which groundwater rises and dis-
charges.

This Rio Grande source cave is apparently the end of the
trunk that leads from the downstream sump of Yax Ta Ha, a
complex multi-level, 3-km-long cave (Figure 17). Dry season
flow in both cavesis from local autogenic karst drainage. Yax
Ta Ha is remarkable in Belize because it occurs entirely in
bedded limestone. Foldsin the bedrock control changesin pas-
sage elevation, and the present sump terminations at either end
of the cave are due to local down-dipping strata. The cave
formed under phreatic conditions, and was later invaded by
downcutting surface streams in the partial fluviokarst over-
head. Further up-valley toward the Little Quartz Ridge is Dead
Gibnut Cave, also formed under phreatic conditions. It serves
as an overflow for large wet-season discharges that likely feed
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Figure 17. Profile of the multi-level trunk conduit passages of Yax Ta Ha, the largest cave (3 km) in bedded limestonesin
Belize. Sumpsand low ceilingsin this cave arelocated in synclinal areas.

the sump at the upper end of Yax Ta' Ha.

Several massive vertical-walled dolines exist between Dead
Gibnut Cave and the sinks of the Central River. No ponor was
located at the sinks, which is an alluviated blind valley. Given
the characteristics of the Rio Grande's caves and resurgences
between the Central River Sinks (at 500 m elevation) and Tiger
Cave (~15 m mdl), and the size of its discharge from Tiger
Cave (10-15 m3/sec), the presence of alarge, active integrated
conduit system is implied. This may be as much as 100 m
below the surface. The present passages are insufficient to
channel flood flow, which emerges either into higher fossil
channels, or onto the surface up vertical shafts. The resurgence
flow suggests it integrates the sinking Central River, scores of
kilometers of autogenic drainage, and perhaps some of the
other sinking Little Quartz Ridge runoff in the 14-km-distance
that it traverses to the plains. While only relatively minor caves
have been explored in the Little Quartz Ridge karst, the deep-
er, unexplored conduit system of the Rio Grande may be com-
parable to that of the Chiquibul in size and complexity.

The observed lack of cave development immediately sur-
rounding the Little Quartz Ridge is anomalous in Belize. In
spite of high rainfall on the non-carbonate ridge, and substan-
tial runoff into the surrounding soluble limestones, only a few
hundred meters of enterable cave passage was found by the
1990 Queen Mary Expedition (Williams, 1992). Although
these potential ponors may simply be plugged by aluvial
debris, the smallness of such aperturesis a surprise in Belize.

The Bladen is an area difficult to access. Visits by the
author in 1988, 1994, and 1996 (Miller, 1996), and more
detailed explorations by the Maya Mountains Archeological
Project (Dunham et al., 1995) have revealed complex systems
potentially rivaling those of the Rio Grande River. With the
completion of the 1996 field season, several caves now exceed
2 km in surveyed length, with the longest approaching 4 km.
Several independent systems currently occupy the disaggregat-
ed Snake Creek-Bladen catchment; the largest known parallels
the course of the Bladen River. The bedrock hosting the caves
isamixture of brecciated and bedded carbonates.

In the Bladen area, runoff from the non-carbonate Maya
Mountains enters the lower limestone hills on armored alluvial

beds before sinking in swallets or caves, then combines with
autogenic tributaries underground. Analyses by the author
show total dissolved loads ranging from about 40-80 mg/L (as
CaCO0g) for allogenic waters, to 300 mg/L for cave waters. All
were moderately alkaline (pH 7.5-8.0), with the cave waters
approximating saturation with respect to calcite. Cave water
temperatures were 23-25°C.

5. K-T FAuLT RIDGES KARST

K-T FauLT RIDGES GEOLOGY

The carbonates of the K-T Fault Ridges differ significantly
from the other karsts of Belize in both age and structural set-
ting. Cornec (1986) assigns these primarily to the La Cumbre
Formation of Late Cretaceous to Tertiary Paleocene age, thus
the name “K-T.” They consist of long, isolated, block-fault
ridges, trending southwest to northeast, the largest being 20 km
long. The ridges total about 300 km? and rise above plains of
the Toledo Series, a suite of Quaternary shales, mudstones and
sandstones.

Most knowledge of the karst and caves of this area is the
result of visits to the longest ridge, which contains Blue Creek
Cave (adso known by its Mayan name Hokeb Ha). Walters
(1988) has described small caves of unknown genesis (possi-
bly isolated phreatic caves) from the ridges south from Blue
Creek.

SURFACE MORPHOLOGY

The Toledo Series plains are generally less than 100 m in
elevation, with the intervening limestone ridges at 220-380 m.
The ridges exhibit cockpit topography, with some cross-cutting
valleys suggesting former fluviokarst. Only one surface stream
presently crosses through any ridge, that of Jalacte Creek at the
southwest end of the ridge containing Blue Creek Cave.

The streams of the area all appear to originate on the
Toledo Series, some to the west in Guatemala. The largest
catchments with the most direct downstream course to lime-
stone are those in the Pueblo Vigjo-San Antonio valley, and
they may be fed by outflow from the Little Quartz Ridge Karst.
These streams plunge into ponors and flow in classic trunk
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conduit fashion to emerge at resurgence caves such as
Ochochpec and Blue Creek.

CAVE MORPHOLOGY

Two small blocks of Cretaceous limestone have been fault-
ed into the longest ridge, outlined by the villages of Pueblo
Vigjo, Aguacate, Blue Creek, and San Antonio. The ridge is
traversed by at least two large caves. Ochochpec, and the large
ponor that appears to feed it, are simple huge trunk conduits.
Blue Creek Cave, however, is among the most complicated in
Belize with 9 km of mapped passages. It developed as the
White River abandoned flow through a limestone gorge in the
ridge above the cave, to dissolve open a subsurface route and
emerge as Blue Creek (Miller, 1981b, 1995). At least four pro-
gressively-abandoned levels developed in the brecciated lime-
stone, three of which are periodicaly flooded by waters
exceeding 30 m in depth.

HyDbroLOGY AND CARBONATE WATER CHEMISTRY

The wet season in the southern Toledo District is long and
pronounced. Mean rainfalls of 200-450 cm/yr, and their conse-
quently greater runoffs, substantially exceed the 100-150
cm/yr of the northern karst regions. Estimations of mean rain-
fall as high as 500 cm/yr have been made for the mountainous
areas northwest of Punta Gorda.

Waters from Blue Creek Cave were analyzed as part of the
Jason Project (Miller, 1995). The waters were generally bicar-
bonate, calcite-saturated with pH of 7.5-8.2, and dissolved
solids of 160-260 mg/L. Nutrients (orthophosphate and nitrate)
each averaged 0.2 mg/L, except for two pools containing
guano, which exceeded 1 mg/L. Traces of dissolved sulfate,
iron, and copper were found.

A large, ~300 L/sec, autogenic resurgence known as Cliff
Source is located near the resurgence of Blue Creek Cave. Its
water was saturated with respect to calcite, and had a high
PCO2 of ~1.5%. Its mean temperature was 25.5°C, likely
reflecting the mean annual temperature of itslow elevation and
latitude. Given its size, the spring is probably a reasonable
gauge of local solution rates. At atotal hardness of 220 mg/L
(CaCOg), and local runoff of perhaps 150 cm/yr, the K-T Fault
Ridges Karst would have a mean surface solution rate of ~1.20
m3/km2/yr, comparable to other Belizean karsts (as per
Equation 1).

6. CAYES AND BARRIER REEF

The low-lying islands (cayes) and 250-km-long barrier reef
fronting Belize form a significant shelf of soluble Pleistocene
to Holocene carbonates. To date, few caves have been report-
ed, probably because of the difficulty attendant to underwater
cave exploration. Some caves on the cayes of Belize seem to
represent development during lower sea level stands, while
others may still be developing at the fresh/salt water interface.
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CAYES AND BARRIER REEF GEOLOGY

The underlying reef foundation appears to be Cretaceous
carbonates similar to the mainland. For example, nearly 1,800
m of the Coban Formation were exposed in a well drilled on
Ambergris Cay (Dillon & Vedder, 1973).

There are two main views of the recent development of the
cayes and reef. Purdy (1974) described the relief on the Belize
shelf as influenced by an inherited, pre-Holocene limestone
surface that eroded when the entire shelf was exposed during
lower sea-level stands. Purdy stated that a pre-existing karst
surface has been “accentuated... through an accelerated ... car-
bonate deposition on the highs.”

Choi and Holmes (1982) cited a few drilling cores to sup-
port their contention that the Quaternary reef pattern was |l ocat-
ed on topographic highs of deltas, bars, river levees, and other
siliciclastic depositional highs spread over the previously
exposed shelf. Some mixed carbonate-siliciclastic deposition,
supplied by rivers, occurs today off Placentia Cay
(Wiedemeier, 1989).

CAVE MORPHOLOGY

The Blue Hole of Lighthouse Reef is amajor example of a
drowned offshore karst feature (Dill, 1971; Mathews, 1991). It
is approximately 120 m deep, and a circular 300 m in diame-
ter. “Tilted” stalactites beneath the overhanging lip have been
cited as evidence for Holocene tectonic activity (Dillon &
Vedder, 1973), although in many mainland cave entrances tilt-
ing isdueto local factors of speleothem growth. The large size
of this cavity and its spel eothem development supportsthe idea
of subaerial cavern development on the cayes.

Caye Caulker contains a large underwater cave on the east
side of theisland. Exley (1994) described the cave as over 3km
long, with several large conduits extending from a 50-m-diam-
eter room. Later work by Coke found problems with the survey
and described the cave as aroom that could be as much as 600
m in diameter (Coke, 1986, 1987, 1988). The cave was sub-
aerially exposed by low sea levels during the Pleistocene
glaciations, as indicated by its abundant speleothems.
Although the cave covers alarge area and exceeds depths of 30
m, it has arelatively low average ceiling height of 10-13 m.

Giant Cave, small reported depressions, and some other
known but minor caves of the cayes are of unknown origin.
They could be the result of subaerial development on an
exposed karst surface, or due to subaqueous solution at the
freshwater/seawater interface. Freshwater lenses described on
many cayes have been inlong use aswater supplies (e.g. Carrie
Bow Caye [Urish, 1987]).

7. YALBAC HiLLS

The surface of the northern third of Belize is formed on
rocks that are generally progressively younger in age with
increasing distance north from the Maya Mountains. Most of
the topography is <100 m msl, with local relief on the order of



10 m or less; the surface is often swampy. The exceptions are
the Yalbac Hills and the area north of Gallon Jug along the
Guatemalan border west of the Booth River escarpment.

TheYalbac Hillsrise to elevations of 200-250 m, with most
drainage on the surface. Hartshorn et al. (1984) have reported
outcrops of the Coban Formation (Cretaceous), perhaps cover-
ing about 300 km? of atotal 2,000 km2. In spite of their litho-
logic similarities to the Cretaceous carbonates further south, a
cockpit karst has not developed to any degree. North of San
Ignacio near the Guatemalan border a line of severa vertical-
walled dolines in Paeocene-Eocene carbonates have been
explored. They exceed 100 m in depth but no caves were found
in the vicinity (Albert & MacLeod, 1971). Areas to the north
are about 100 m lower, with a “modest karst topography”
developed on the early Eocene Santa Amelia Formation
(Hartshorn et al., 1984).

8. TERTIARY Rocks

All epochs of the Tertiary and Quaternary, from Paleocene
to Holocene, are exposed somewhere in the rocks and sedi-
ments of northern Belize. They are largely carbonates, includ-
ing marls, but bentonitic clays and poorly consolidated sands
are found as a terrigenous clastic cover over much of thisarea.
The basement rocks underlying the carbonates of northern
Belize vary from Paleozoic metasediments to granites (Deguen
& Schact, 1975), and are at progressively greater depths of 800
m to 3,000 m from Belmopan north to the Mexican border
(Anschutz Mineral Corporation, 1976).

Most of the surface drainage (e.g. Rio Hondo, New River,
and Freshwater Creek) has a distinctly northeast orientation,
due to northeast-southwest parallel faulting which accompa-
nied the genera uplift of the Yucatan Platform (Pusey, 1975)

Minor shelters and shallow dolines have been reported
from this region. North of Corozalito, numerous circular lakes
and ponds exist, with some marked on maps as “cenote.” To
date, nothing about known solutional features appears to have
been published, except for apparent assumptions of very
immature karst present on Tertiary carbonates (Placid Oil
Company, 1979). Cavernous porosity may exist at depth. Nair
(1985) notes artesian flow at 150-200 m depth north of
Consgjo, with the hydraulic head described as 5-6 m above the
ground surface, and originating in proximity to an unconfor-
mity thought to be a cave or fracture system. The shallow depth
indicates flow in Tertiary carbonates.

GENERAL OBSERVATIONS OF BELIZE KARSTS

SURFACE MORPHOLOGY

Because of the widespread occurrence of carbonate rocks
in the humid climate of Belize, the majority of the country can
be defined as having at least minimal karst development.
Westward, the karsts extend for great distances into
Guatemala. The elevations of the major karsts range eastward

MILLER

from near 800 m above to 100 m below sea level.

Most major karst surfaces display obvious fluvial features
or influence: through-flowing streams, poljes, dry dendritic
valley networks, and abandoned gorges above caves. Most of
the remaining surfaces are similar to the cockpits of the Caves
Branch and Chiquibul and usually abut the fluviokarsts.
Analysis of sediments and morphologic studies support the
idea that these areas were initially developed by non-random
fluvial networks centered on points of lithologic weakness.
Gradually, the allogenic streams were pirated underground,
and evidence of the fluvia networks has been obscured
(Miller, 1988).

Isolated limestone towers, and the sizes and extents of flat-
floored alluviated dolines, increase with proximity to the lower
elevations of the coast. This suggests an evolutionary sequence
of fluviokarst to cockpits to towers as downcutting to base
level progresses. Large collapse dolines are frequent in Belize,
but minor in terms of area. Many are directly attributable to
collapse into pre-existing caves.

Runoff in the karsts of Belize is an infrequent occurrence
due to the convective nature of most precipitation. In the Caves
Branch area, a minimum 12 mm/day of rainfall is needed to
generate surface flow into cockpit swallets. Most solute
removal takes place internally in what are solutionally “open”
systems of relatively high porosity. Boosting of carbon dioxide
levels within the aguifer occurs, perhaps due to decay of
washed-in vegetation. Resurgent waters are alkaline and usual -
ly supersaturated with respect to calcite and dolomite. Overall
denudation rates are high, calculated at 0.10-0.13 m/Ka.

CAVES

More than 150 km of cave passage have been surveyed in
Belize. The mgjority are massive tunnels from 20 m to as much
as 100 m in width, and have developed on the downfaulted
north and south peripheries and western backslope of the
horst-structured Maya Mountains. The southernmost systems
are sandwiched in the 80 km between the Southern Boundary
Fault and the North American-Caribbean tectonic plate margin.
The caves are well-mapped, inland, regionally extensive, con-
tain substantial deposits of speleothem, and are in proximity to
regional tectonic activity.

These cave populations and cave sizes cannot be known
with certainty—there are certainly thousands of unreported
caves in Belize. Because of the relative ease of finding trunk
conduits, they are likely emphasized out of proportion to their
importance, and distort perceptions and conclusions about
Belize cave development. The evolution of individual cavesare
unique to a particular extent beyond general regional patterns,
and considerable information about growth and devel opment
may belost through erosion. The known caves may not be rep-
resentative of the whole.

The oldest caves in Belize appear to be isolated chambers
and passages of phreatic origin with minor vertical relief.
Trunk conduits developed next, most of which cut through to
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the coastal plain at the base of the karsts. These conduits occur
as discrete independent systems, each formed by an integrated
stream invading from the Maya Mountains, which have karst
regions distributed around their north, west, and south sides.
The cave systems pass completely beneath the width of indi-
vidual karsts, with linear extents of up to 15 km.

Every known trunk conduit in Belize is associated with the
sinking of chemically aggressive alogenic water originating
on the Maya Mountains. These streams are already large, inte-
grated networks before they encounter a limestone where the
near-absence of bedding planes provides little resistance to
vertical flow in the well-jointed rock. Jointing and topograph-
ic dip appear to be the magjor controls as defined bedding is
rare. Although many sections are obviously controlled by a
joint visible in the roof, in most instances the initial joint or
jointsresponsible for alignment have been obscured by the size
to which the passage has developed. The locations of swallets,
zuhuyhas, and piratic conduits were influenced by the siting of
the trunk conduits, which were targeted for integration of the
internal karst runoff.

Large trunk conduits, and apparently even large isolated
phreatic chambers, are rare in those areas such as the Yalbac
Hills and northern Vaca Plateau. Even though they are litho-
logically similar to rocks with trunk conduitsin other areas, the
main difference appears to be the lack of allogenic runoff.
Other areas, such asthe region continuing north to the Yucatan,
may be too low-lying to provide sufficient hydraulic head for
widespread subsurface solution at the present elevation of sea
level.

CoMMON CAVE FEATURES

Briefly, it should be noted that Belize caves commonly
contain several types of internal features that are rare else-
where in the world, yet have not been emphasized in publica-
tion about Belizean caves.

“Shields’ or “palettes’ are frequently large (up to 5 min
diameter) and widespread in Belize, and can be of surprising
density—more than 60 were counted in a 100-m-traverse of a
cave near Indian Creek, and another 150 were noted in neigh-
boring caves.

“Bellholes’ are ubiquitous to every large cave in Belize,
occurring in both bedrock and spelecthem. These cylindrical,
upwardly-tapering ceiling or wall cavities are most likely due
to local long-term effects of bat occupation (Miller, 1990b).
Their flat, circular counterparts, “bellbasins,” are often found
vertically beneath bellholes, aways containing bat guano.
Both features generally decrease in frequency with distance
from entrances.

Travertine or speleothem, undermined by floodwaters or
toppled by earth movements, form dabs or boulders. They
form the majority of collapse materials in many Belize caves,
rather than bedrock.

The large, high-ceiling, multi-entrance passages in Belize
commonly contain narrow, linear stalagmites aligned with the
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passage axes. The passage profiles approximate a Gaussian
distribution, and are called “camelbacks.” The deflection of
dripwaters on their surfaces (and consequent calcite precipita-
tion) has been observed to be a product of wind current alter-
nation and velocity, parallel to the passage trend.

CAVE LEVELS

All of the major karsts of Belize contain multi-level, often
regionally-extensive, cave systems. All of the major trunk con-
duits display the presence of at least two to three levels, and as
many as four. Internal vertical relief averages about 100 m,
with clearly separated individual levels up to 20-30 m apart.
Although the rock is extremely hard, it has also been heavily
brecciated with bedding almost nonexistent; the individual lev-
es are thus not controlled by stratigraphic perching.

The vertical relief between levels of similar geomorphic
characteristics, but hydrologically independent catchments, is
broadly concordant across the entire range of the karst in spite
of large differences in elevation. It implies synchronous devel-
opment by the same general cause. Together with evidence of
recent, continuing uplift, the concordant cave levels supports
the idea of regional response to episodic tectonic uplift of the
Maya Mountains, rather than simple local downcutting
responses to erosional lowering of base level.

CavE AGES

Uranium series dating of speleothem from Belize has only
been reported from the Caves Branch area (Miller, 1981a). The
base of the oldest of two small stalagmites from Mountain Cow
Cave (a high isolated phreatic chamber) gave a date of 176
(+49/-36) KaBP. Two others were dated from trunk conduit
passages. One was a small stalagmite growing on cemented
cobbles 2 m above the present floor of Actun Chek, and was
radiometrically dated to 72.5 (+12.9/-11.6) KaBP. The other
was a stalagmite from Lubul Ha. It had been overturned and
largely covered by sediment, and gave adate of 102 (+3.9/-3.8)
KaBP. These dates show that major cavernous development in
the basal 30 m of the Caves Branch Karst was well advanced
by about 102 KaBP. Filling episodes of unknown regional sig-
nificance occurred between 60-105 KaBPin very large, mature
trunk conduits.

Clays for paleomagnetic analysis were collected from the
higher levels of trunk conduits in the Chiquibul, and from Yax
Ta Hain the Little Quartz Ridge Karst. These were analyzed
by W. Steele of Eastern Washington University and all showed
apolarity similar to the present (Miller, 1988).

SUMMARY

Belize has proven a fruitful location for a combination of
scientific studies and cave exploration. An integration of the
processes that interrelate both the surface and subsurface has
been possible, in no small degree due to the great amount of
cave exploration and mapping that has occurred during the past



four decades. The overriding importance of fluvial processesin
the development of surface karst landforms in Belize have
important implications for understanding similar landscapes
elsewhere in the tropics and near-tropics. This is aso true for
the importance of open-system solution within the local Belize
aquifers, and the consequent magnitude of dissolution in these
tropical waters. The regional scope of the amount of caves sur-
veyed, and the recognition of widespread, concordant cave lev-
ds, will eventually lead to determination of any causal effect
from the nearby tectonic plate boundary.
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Quantification of limestone petrology and structure in a 25 km? section of the northern Vaca Plateau,
Belize, facilitated development of a model of speleogenesis and evolution of area caves and the karst
landscape. The limestones in the study area are mostly depositional breccias developed between the
mid-Cretaceous and mid-Tertiary adjacent to the emergent Maya Mountain Fault Block. Micritic and
some fossiliferous-pelletic lithoclasts of the Cretaceous Campur Formation are cemented by sparite
which formed in a shallow-sea high energy environment adjacent to the emergent area. Planes of struc-
tural weakness developed in the Campur Limestone have similar orientations to contemporary karst
landform features including solution valleys, the long-axis of depressions, and cave passages. This cor-
respondence suggests an important structural control on the formation and evolution of area caves and
the karst landscape. Base level modification by way of valley incision and the devel opment of secondary
permeability enhanced interfluve development, causing caves to be truncated along valley sides and
abandoned as active flow routes. The dry valleys and stair-step cave profiles indicate that the lowering
of base level through time was interspersed with stable periods when horizontal cave passages were

excavated.

Geologic, geomorphic, and speleological research has been
conducted for six field seasons (1990-1995) within a 25 km2
area of the northern Vaca Plateau centered 6 km east of the bor-
der between Guatemala and Belize, and 15 km south-southeast
of the Augustine Forestry Station (see location map on page
68). The research design for this project includes (1) recon-
naissance of surface and subsurface geology and geomorphol-
ogy, (2) exploration and mapping of caves, (3) collection of
rock, soil, and sediment samples, (4) collection of data regard-
ing area joint, fault, dry valley and cave orientations, and (5)
the petrographic analysis of carbonate rocks. Our research is
the first attempt to quantify physical landscape componentsin
the northern Vaca Plateau (i.e. limestone petrology, structure,
geomorphology and hydrology) and to relate these parameters
to landscape and cave formation and evolution.

The suite of karst landforms within the study areaincludes
an integrated system of dry karst valleys separated by residual
limestone hills and interfluves, single inlet and compound
sinkholes, isolated cockpits, cutters, solution corridors, solu-
tion fissures, open joints, and caves. To date, over 100 cave
entrances have been located and 60 caves have been explored.
The majority of the caves are located along or close to the sur-
face drainage divide between the Macal River (8 km east of the
study area) drainage basin, and the Chiquibul River (15 km
west) drainage basin. All the caves in the study area are
formed in the heavily brecciated Campur Limestone (Figure
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1). A brecciais a coarse-grained rock composed of angular
broken rock fragments held together by amineral cement or in
afine-grained matrix (Bates & Jackson, 1987).

Specific research regarding the physical landscape in this
portion of Belize has not been conducted previously. The only
sources for such information are very general country-wide or
regional assessments, citations in publications regarding the
Mountain Pine Ridge and Maya Mountain section of Belize, or
detailed studies in other areas with similar geologic character-
istics.

Previous WoRK

Ower (1928) produced a manuscript on the geology of
British Honduras (now Belize). Therein, the Cretaceous lime-
stones in west-central Belize were mentioned, but few details
were presented. Dickenson and Weishord (1931) described the
Cretaceous limestones in Belize generaly, but provided few
specific details. Flores (1952) reviewed the nature of the
Cretaceous limestones in northern Belize, and in 1957 Dixon
produced an 85 page monograph on the geology of southern
Belize wherein the Cretaceous limestones were discussed.
Wright and others (1959) discussed the geology of the Vaca
Plateau as part of a land use survey of British Honduras.
Because of its unique geology, the Vaca Plateau was consid-
ered amajor subregion in their land use classification, but they

Journal of Cave and Karst Sudies, August 1996 « 121



KARSTIFICATION ON THE NORTHERN VACA PLATEAU, BELIZE

Figure 1. Limestone breccia composed of micritic litho-
clasts. Scaleisin tenths of feet (0.1 ft = 3 cm).

misinterpreted the geology in that they indicated it is “hori-
zontally bedded limestone” with no mention made of breccia-
tion.

Detailed information regarding the Cretaceous limestones
found in the Coban-Purulha area of central Guatemala was
presented by Walper (1960). Walper was probably the first
geologist to propose that the breccias of the Ixcoy Formation
(the upper Ixcoy is analogous with the Campur Formation in
Belize) originated as depositional breccias, “ pseudobreccias’
or both (Blount & Moore, 1969). Lattimore (1962) noted shale
and limestone pebble conglomerates overlain by angular car-
bonate boulders in a clay matrix in the Ixcoy Formation and
determined that the boulders are composed of carbonate clasts
in a matrix of fine-crystalline, occluded dolomite. He sug-
gested that the breccia formed by carbonate dissolution, col-
lapse and recementation. Vinson (1962) published a detailed
description of the Upper Cretaceous stratigraphy of
Guatemala, with references to Belize. He described the
Campur Formation, relates it to other Upper Cretaceous for-
mations in Guatemala and Belize, and summarized the paleo-
environmenta conditions under which these formations were
deposited. Blount and Moore (1969) discussed the formation
of carbonate brecciasin the Ixcoy Formation in a 250 km?2 area
in east-central Guatemala. They classified and posed forma-
tive mechanisms for five different types of breccias, including
depositional breccias, non-depositional breccias
(evaporite-solution collapse, tectonic, caliche breccias), and
pseudobreccias.

The oldest rocks exposed in Belize are the 350 million year
old granitic rocks of the Mountain Pine Ridge portion of the
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Maya Mountains which border the eastern edge of the northern
Vaca Plateau. Bateson and Hall (1971 & 1977), Hal and
Bateson (1972), Bateson (1972), and Kesler and others (1974),
discussed various aspects of the Mountain Pine Ridge Granite,
and the metasedimentary rocks of the upper Paleozoic aged
Santa Rosa Group which comprise a mgjor portion of the
Maya Mountains. They also discussed the relationship
between the Campur Limestone and the Santa Rosa Group,
which in places it unconformably overlies (Figure 2).

In 1984, Hartshorn et a. published an environmental pro-
file of Belize which generally described the soils, geology, and
hydrology. Day (1986) described slope form and process in
the Campur Limestone in the Hummingbird Karst region of
central Belize. Miller (1986, 1987, 1989, 1990) provided
details about the Campur Formation on the southern Vaca
Plateau which was studied in conjunction with the exploration
of the Chiquibul Cave System (55 km of mapped cave pas-
sage). The Chiquibul River, which receives allogenic recharge
from the Maya Mountains, has played an important role in the
creation of this extensive cave system. Most of the caves are
developed in brecciated limestone and are influenced by joint
sets and topographic dip (Miller, 1986). It isestimated that the
development of the karst in the southern Vaca Plateau began
around 700,000 years BP (Miller, 1990).

GEOLOGIC SETTING

The most compl ete description of the Campur Formation is
provided by Vinson (1962). The type section for the Campur
Limestone is located in central Guatemala near the town of
Languin, where a nearly complete but faulted 808-m-thick
sequence is exposed. A complete 850-m-thick reference sec-
tion exists near the type section, on the flanks of Chinagja
Mountain. Vinson (1962) describes the Campur Formation as
composed of principally gray, gray-brown, and tan limestones
which were deposited in reef-associated environments. The
formation contains minor amounts of dolomite, and locally is
interbedded with thin beds of shale, siltstone, and limestone
breccia or conglomerate. Along the flanks of the Maya
Mountains is an unconformity which represents transgressive
onlap of the Campur Formation onto the older Coban
Formation (Figure 2). The Maya Mountains are an extension
of the Libertad Arch, which is an east/west striking anticlinal
structure that extends amost the entire width of north-central
Guatemala (Weyl, 1980). The Maya Mountains are an uplift-
ed fault block consisting of a synclinorium trending east-north-
east, and sloping to the northwest at about ten degrees follow-
ing the dip of the geologic structures (Weyl, 1980). The Maya
Mountains are bordered on the north and south by major faults
(Bateson & Hall, 1977). The structure of the western bound-
ary of the Maya Mountain fault block is completely obscured
by the Cretaceous limestones which lie unconformably on the
metasediments of the Santa Rosa Group. The Campur
Limestone is acommon outcrop in both Guatemala and Belize,
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Figure 2. Generalized lithologic section across the western
flank of the Mountain Pine Ridge and the Northern Vaca
Plateau (structural features are not shown).

and it forms karst topography in both countries (Vinson, 1962).
The main orogeny which deformed the Maya Mountain Block
occurred in the Permian and early Triassic. Between the mid-
dle Cretaceous and mid-Tertiary, the block was subjected to
periodic uplift (Bateson & Hall, 1977).

Blount and Moore (1969) completed a detailed study of the
Cretaceous breccias in the Chiantla Mountain area. They rec-
ognized five types of carbonate breccia, and determined that
depositional breccias as thick as 500 m are widespread within
the Cretaceous Ixcoy Formation. They determined that the
lithoclasts within the breccia were eroded from adjacent emer-
gent areas, which probably resulted from faulting (Blount &
Moore, 1969). They also found a 250-m-thick sequence of
evaporite solution breccias in the lower part of the Ixcoy
Formation, which correlates with the Lower to Upper
Cretaceous Coban Formation which underlies the Campur
Limestone in Belize. Tectonic breccias were noted to form by
fracturing during periods of deformation associated with fault-
ing. Caliche breccias formed by caliche cementation of car-
bonate rubble at the base of slopes (Blount & Moore, 1969),
and localized pseudobreccias formed by selective grain
growth.

RESEARCH METHODS

Data regarding the petrology of the Campur Formation in
the study area were obtained by analyzing thin sections pre-
pared from 25 rock samples. Rock specimens were collected
at five general landscape positions and were grouped as fol-
lows: (1) residual hilltops (7 samples), (2) residual hillside
slopes (9 samples), (3) dry valley bottoms (2 samples), (4) cave
entrances (4 samples), and (5) cave walls (3 samples). Three
of the cave entrance samples were collected in dry valley bot-
toms, and one was from a residua hillside slope. The cave
passages from which samples were collected have entrances
located on aresidual hilltop (1 sample) and on aresidual hill-
side slope (2 samples).
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Thin section analysis was used to identify rock con-
stituents. Initia investigation indicated a large degree of het-
erogeneity, making the point count method of analysis (Folk,
1962) inadequate. On brecciated rocks the point count method
may be misleading because of variations in lithology of the
clasts, and the type and amount of cement. The relative abun-
dance of sparite, micrite, fossils or other characteristics
becomes meaningless in these rocks, and it is more appropri-
ate to classify the rock by using field relationships, stratigra-
phy and petrographic analysis. The samples were therefore
classified first using systems described by Pettijohn (1975),
and then as described by Blount and Moore (1969).

Data were also compiled on the orientation of 133 dry val-
leys within and adjacent to the study area using topographic
map sheet 28 from map series E755 (scale 1:50,000, 40-m con-
tour interval). The long axis orientations of 40 sinkholes were
also obtained from this map. The orientations of 29 cave pas-
sages in nine different caves in the study area were derived
from cave maps (Reeder, 1993). Dry valley, depression long
axis, and cave passage trends were plotted on rose diagrams
using 100 classintervals. Preferred orientations were estimat-
ed visually from the rose diagrams.

PeTROLOGY OF THE CAMPUR LIMESTONE ON THE NORTHERN
VACA PLATEAU

Twenty-one samples from the study area are classified as
breccias and four are classified as non-breccias. Using
Pettijohn’s (1975) system, the breccias were classified into
four types: (1) micrite clasts dominate, sparite cement (12 sam-
ples) (Figure 3a); (2) sparite clasts dominate, sparite cement (3
samples) (Figure 3b); (3) fossiliferous micrite clasts dominate,
sparite cement (3 samples) (Figure 3c); and (4) pelletic micrite
clasts dominate, sparite cement (3 samples) (Figure 3d). The
non-breccias were classified as follows: (1) micrite dominates
with some pellets (2 samples) (Figure 3e); and (2) sparite (2
samples) (Figure 3f).

The four breccia types were further classified using Blount
and Moore's (1969) system, which is based upon the origin of
the breccias as determined from field relationships, stratigra-
phy, and petrographic analysis. All 21 breccia samples are
lithoclastic (reworked fragments of an older lithified lime-
stone). They consist primarily of pre-existing limestone frag-
ments with some samples containing rudistid (a bivalve mol-
lusk) fossil fragments and/or pellets (probably mollusk feces).
The clasts are considered lithoclasts, rather than intraclasts
(penecontemporaneous, usually weakly consolidated carbon-
ate sediment that eroded from adjoining parts of the sea floor
(Folk, 1962), because the lithoclastic interval is over 200 m,
based upon the elevation difference between breccias found
deep in vertical caves and on the highest hilltops.

In 12 samples, micrite clasts dominate and the matrix is
sparite (Figure 3a). The lithology of the lithoclasts is similar
to non-lithoclastic limestones from the same formation, indi-
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Figure 3c. Figure 3f.

Figure 3. Thin sections of breccias and individual clasts. They are classified as follows. 3a: depositional breccia, micrite
clasts dominate, sparite cement; 3b: tectonic breccia, sparite clasts dominate, sparite cement; 3c: depositional breccia, fos-
siliferous micrite clasts dominate, sparite cement; 3d: depositional breccia, pelletic micrite dominates, sparite cement; 3e:
non-breccia, micrite clast with pellets; and 3f: non-breccia, sparite clast. (magnification 4X)
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cating they are intraformational (from the same geologic for-
mation). Based upon these characteristics, and criteria out-
lined by Blount and Moore (1969), these samples are desig-
nated depositional breccias. They probably formed when
uplift along major faults caused certain areas to become emer-
gent. Erosion then transported weathered micritic clasts from
emergent areas to nearby areas (based upon the angularity of
the lithoclasts), where they were deposited with lime muds.
The sparite cement formed in the high energy environment
adjacent to the emergent areas. Stylalitic contacts are rare in
these specimens which suggests limited pressure solution in a
deeper water environment.

In three other breccia samples, sparite clasts are embedded
in a secondary matrix of sparry calcite cement (Figure 3b).
The clasts also contain a small amount of micrite. These brec-
cias have very angular clasts, and contain numerous matching
clast boundaries. Clast size is highly variable, and the sparry
calcite, which is simple vein fill, is continuous with smaller
veins of calcite present within the clasts. These specimens are
classified as tectonic breccias (Blount & Moore, 1969).
Tectonic breccias with a matrix of secondary sparry calcite
result from the precipitation of calcite in voids caused by frac-
turing, but without dislocation of breccia clasts. These tecton-
ic breccias probably formed near faults tributary to the larger
faults north and south of the study area. Two of these samples
were collected near the bottom of dry karst valleys, which may
be fault controlled, and the third sample was collected from the
top of an outcrop in an area of narrow, deep, cave entrances.
The transformation of the micrite in the clasts to sparite may
be a direct result of tectonic activity.

In three samples, fossiliferous micrite clasts dominate
within a sparite cement (Figure 3c). The fossils appear to be
broken rudistid fragments and, as discussed above, the litho-
clasts are intraformational. These specimens are classified as
depositional breccias. The presence of rudistid fragments
within the lithoclasts can be attributed to regional faulting.
The rudistid fragments within the micrite lithoclasts represent
the lithology of the pre-existing limestone prior to uplift and
erosion. Small rudistid banks may have aso formed near the
edges of uplifted fault blocks, and were later eroded and
deposited along with the lithoclasts (Blount & Moore, 1969).
All three samples were collected at different topographic posi-
tions (hilltop, side slope and valley bottom), perhaps indicating
the discontinuous nature of deposition, which seems plausible
if the deposition scenario outlined above is correct.

In three samples, pelletic micrite fragments are cemented
by sparite (Figure 3d). The pellets within the lithoclasts are
probably rudistid feces that mixed with lime muds prior to
lithification, uplift and erosion. These specimens are classified
as depositional breccias. Two of these samples were collected
from hilltops, while the third was collected from the entrance
to avertical cave located on aresidual hillside slope.

Two sampl es classified as non-breccias are probably homo-
geneous fragments of the breccia. Following Pettijohn’'s
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(1975) classification system, they were dominated by micrite
mixed with some pellets and exhibited no veining (Figure 3e).
These samples are petrologically similar to the pelletic micrite
lithoclasts discussed above, suggesting that they formed in the
same paleoenvironment. The thin sections prepared from these
samples were probably cut from a single, larger lithoclast,
hence the sparite cement was excluded from the sample.
Based upon this conclusion, even though the pelletic micrite
lithoclasts are not embedded in sparite cement, we believe
them to be apart of the breccia. One of these samples was col-
lected from a hilltop, and the other was collected on a residual
hillside slope just below a hilltop.

Two other samples were composed entirely of sparite
(Figure 3f). Based upon their homogeneous carbonate mineral
composition, they were classified as non-breccias, but they are
probably directly related to area brecciaformation. The inten-
sity of veining in tectonic breccias is noted to increase with
proximity to large surface fractures or faults (Blount & Moore,
1969). These two samples probably represent void fill
between clasts, rather than a combination of clast and cement.
When the thin section was cut, only void fill was included on
the slide. These samples were both collected in a dry valley
bottom near a fracture controlled cave entrance.

STRUCTURAL CONTROL OF KARST FEATURES

Numerous dry karst valleys, residual limestone hills, single
inlet and compound sinkholes, isolated cockpits, cutters, solu-
tion corridors, solution fissures, open joints, and caves exist
within the study area. The dry valley bottoms are covered by
a thick mat of vegetation in various stages of decay which
obscures some of these features. The residual hill slope angles
range from moderate (30°) to vertical. The moderate to steep
(30°-60°) dlopes are covered with athin mat of decaying veg-
etation, and with increasing slope angle more bedrock is
exposed. Prominent escarpments exist at the top and along
many of the residual hillside slopes. The reative relief
between valley bottoms and hilltops is approximately 100 m.

The existence of the lithoclastic limestones in the study
area is associated with uplift caused by faulting and subse-
guent erosion from the emergent areas of a previously deposit-
ed, well lithified carbonate sequence (Blount and Moore,
1969). Very little research has been conducted on faulting
within the Cretaceous limestones in Belize, but unnamed
east-northeast striking faults exist 8 km south and 12 km north
of the study area (Weyl, 1980). It is also likely that smaller
faults and fractures are associated with these faults (Alt, 1995).
Faults usually occur in groups of the same type, hence larger
faults may be accompanied by a set of smaller parallel faults
(Park, 1983). A horst, like the east-northeast striking Maya
Mountain Block, is often bounded by sets of faults of the same
type but opposite movement (Park, 1983). The Maya
Mountain Block may therefore be bounded to the west by
downthrown fault blocks that generally trend east-northeast.
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Fractures and smaller faults associated with larger faults are
generally assignable to the same stress that caused the larger
faults (Stearns & Friedman, 1977). Experimental results and
theory can also be used to predict the relationship between the
orientation of the principal stress axis and the devel opment of
the two main shear fracture planes. Thetwo resulting fractures
have been noted in the literature to form angles of 30°
(Billings, 1954) to 45° (Park, 1983). The greatest principal
angle of stressin the study areais 67.5° which trandates into
theoretical fracture orientations between approximately 330°
and 345°. But because of the anisotropy of the rock fabric in
the Campur Limestone, and hence directional variation in
shear strength, prediction of fracture orientations is difficult
(Mandl, 1988).

Based upon the down valley axis of orientation for 133 dry
valleys in and adjacent to the study area, rose diagrams were
prepared. Dry valley orientations were measured in the
Chiquibul (n=69) and Macal (n=64) drainage basins and plot-
ted on separate rose diagrams (Figures 4 & 5). Thevalleysin
the Macal River drainage basin have a pronounced northeast
orientation, with 24 valleys (38%) oriented between 10° and
60° (Figure 4). Within this 50° range, the modal orientation is
30° (n=8). A less prominent trend is to the northwest, with 14
valleys (21%) oriented between 300° and 335°. Within this
35° range, the modal orientation is 310° (n=6). Fifty- nine per-
cent of the measured valley orientations generally coincide
with the fractures theorized by Billings (1954) and Park
(1983), the orientation of the Maya Mountain Block, possible
minor faults, and/or the documented faults located north and
south of the study area.

Thedry valleysin the Chiquibul drainage basin have a pro-
nounced northwest orientation with 25 valleys (34%) oriented
between 300° and 350° (Figure 5). Within this 50° range, the
modal orientation is 320° (n=7). Another prominent trend is
west to southwest (280° to 220°) where 30 valleys (43%) are
oriented. These ranges of valley orientations (77% of the total
valleys measured) generally coincide with the theorized frac-
ture orientations (34%), and the orientation of the Maya
Mountain Block and existing and postulated fault orientations
(43%).

Based upon the long axis orientations of 40 sinkholes in
and adjacent to the study area, a rose diagram was prepared
which includes data from both the Macal and the Chiquibul
River drainage basins (Figure 6). The long axis orientations
have a pronounced northeast through east trend, with 20 sink-
holes (50%) oriented between 20° and 90°. Within this 70°
range, the modal orientations are 40° and 80° (n=5). Another
prominent trend is northwest through west, with 15 sinkholes
(37%) oriented between 130° and 100°. Within this 30° range,
the modal orientation is 130° (n=6).

Based upon the sinkhole long axis data, it appearsthat lines
of structural weakness within the bedrock influence sinkhole
orientation. Sinkholes often form along high permeability
pathways through the vadose zone. These areas are often sites
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Figure 4. Down valley orientations in the Macal River
drainage basin (n = 64).

of fracture concentrations and fracture intersections (White,
1988). Sinkholes form by some combination of dissolution
and collapse. Collapse can originate at some depth in the
bedrock if it is assisted by fracture zones. The land surface is
lowered by a combination of dissolution and mechanical ero-
sion because the underlying bedrock is weakened by vertical
dissolution along joints and fractures (White, 1988).
Sinkholes may become elongated along lines of major
weakness. Fifty percent of the measured sinkholes trend
northeast through east which corresponds with the orientations

Oo
330° 30°
300° 60°
270° 90°
240° 120°

210° 150°
180°

Figure 5. Down valley orientationsin the Chiquibul River
drainage basin (n = 69).



Figure 6. Depression long axis orientations in the Macal
and Chiquibul drainage basins (n = 69).

of the Maya Mountain Block, the faults located north and
south of the study area, and the postulated orientation of
unknown faults. Thirty-seven percent of the sinkholes trend
northwest through west which generally corresponds with the
theorized orientation of fractures.

Based upon the orientation of 29 segments of cave passage
in nine surveyed caves, a rose diagram was prepared (Figure
7). The cave passages have a pronounced northeast-southwest
trend, with 10 cave passages (34%) oriented between 30° and

1R0°

Figure 7. Orientation of 29 segments of cave passage in
nine cavesin the Macal and Chiquibul drainage basins.
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60°. Within this 30° range the modal trend is 50° (n=4).
Another prominent trend is northwest-southeast, with nine
cave passages (31%) oriented between 110° and 130°. Within
this 20° range the moda trend is 120° (n=4). A minor
north-south trend also exists, with three cave passages (10%)
oriented at 0°.

The orientations of the cave passages also indicate struc-
tural control. Based upon field observations, the Campur
Limestone contains very few bedding planes, and cave forma-
tion is focused along planes of weakness such as joints, frac-
tures and faults. Cave passages oriented northeast-southwest
(34%) correspond with the orientation of the Maya Mountain
Block, the faults located north and south of the study area, and
faults which are theorized to exist based upon known fault ori-
entations. Cave passages oriented northwest-southeast (31%)
correspond with the theorized orientation of fractures in the
study area. Exploration and survey of the caves indicate that
joints structurally control the cave pattern, and no direct evi-
dence of faulting has been found.

KARST LANDSCAPE FORMATION AND EVOLUTION

As indicated by Miller (1990), the karst in the southern
Vaca Plateau (Chiquibul region) began to develop around
700,000 years BP. The limestonesin the northern Vaca Plateau
are of similar age and composition, but because the study area
is located at a drainage divide and is dominated by autogenic
recharge, the Chiquibul area is probably geomorphically
younger. In the Chiquibul region, recharge water flows west-
ward from the Maya Mountains drainage divide across the
Carboniferous-Permian metamorphosed fine-grained argilla-
ceous rocks of the Santa Rosa Group (Weyl, 1980). Thisallo-
genic recharge is highly undersaturated with calcium carbon-
ate (CaCOg) because the waters have not contacted the Campur
Limestone. These alogenic waters represent an import of
energy capable of both chemical and mechanical work (Ford &
Williams, 1989).

Recharge on the northern Vaca Plateau is entirely autogenic
with water derived entirely from meteoric precipitation falling
on the Campur Limestone. Allogenic recharge water flowing
west from the Mountain Pine Ridge section of the Maya
Mountains is intercepted by the south-north flowing Macal
River before contacting the Campur Limestone. Karst areas
with large inputs of allogenic water experience more chemical
erosion than areas entirely recharged by autogenic water, with
the size of the catchment area contributing allogenic recharge
greatly influencing the rate of solution. For these reasons,
development of the karst on the northern Vaca Plateau differs
from that in the Chiquibul area.

Currently, autogenic recharge in the study area enters the
subsurface drainage network by diffuse means and at discrete
locations. Infiltration through area soilsis more common than
discrete input (which usually occurs where structural features
extend to and are open at the surface). The deepest cave dis-
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covered thus far in the study area (105 m) extends 95 m below
dry valley elevations, but active flow has never been observed
in caves or dry valleys even after heavy, prolonged precipita-
tion events. However, fieldwork has been conducted during
the dry season, and it is possible that limited surface and
vadose flow does occur during the wet season.

Valleysin the study area are mostly interconnected and are
bounded by interfluvial residua hills. Drainage through the
dry valley systemsis deranged. Remnant stream channels are
rare and only short (< 5 m), isolated segments of channel are
found, which terminate at discrete recharge pointsinto the sub-
surface drainage network.

Periodic uplift forming or accentuating lines of structural
weakness occurred adjacent to, or within these limestone brec-
cias into mid-Tertiary time. Faulting in northern Central
America continued into the Quaternary (Weyl, 1980) with
numerous fault systems like the Chixoy-Polochic and Motagua
in Guatemalastill active. It is probable that valleystrend along
lines of structural weakness such as faults, fractures and joints.
The previoudly discussed resultsregarding dry valley and sink-
hole long axis orientations indicate that area geologic struc-
tures influence valley and sinkhole orientations.

Surface streams formerly flowed across the karst landscape
aong lines of structural weakness. As the subsurface drainage
network developed, secondary permeability increased and a
portion of the surface flow moved into the subsurface.
Eventually, all surface flow was pirated to the subsurface, sur-
face stream channels were abandoned, and slope processes
aong the valley sides buried the valley bottoms and the former
stream channels. The residua hills in the study area are the
remains of the interfluves between the integrated valley sys-
tems. On many of the hills, dissolutionally sculpted features
such as solution corridors, fissures, and natural bridges indi-
cate integrated surface and phreatic flow in the geologic past.
Many of these features are located 150 m above the contem-
porary dry valley bottoms.

Sinkholes (and several cockpits) in and adjacent to the
study arearange in size from afew meters acrossto over 1 km
and occur in variable topographic positions. Miller (1987)
determined that sinkholes in Searranx, Guatemala marked the
location of dissected river valleys that have become unrecog-
nizable because of karstic collapse. Some of the larger sink-
holes (cockpits) in the study area may have formed in this way,
while smaller sinkholes formed as the buoyant support was lost
as base level was lowered, and the land surface subsequently
collapsed.

Contemporary base level in the study area is now con-
trolled by the Chiquibul River to the west and the Macal River
to the east. The maximum relief between the highest point in
the study area (approximately 600 m above mean sea level)
and the Macal (320 m) and Chiquibul rivers (300 m) is 280 m.
Taking into account the hydraulic gradient between the elevat-
ed portions of the Vaca Plateau and base level, the depth to the
water table is probably greater than 250 m.
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CAVE FORMATION AND EvoLuTION

Cavesin the study area contain both horizontal and vertical
passages. The caves fall into the following genetic patterns:
(1) blind vertical shafts, (2) vertical shafts connected to hori-
zontal passages, (3) multiple drop vertical caves, (4) shelter
caves, and (5) horizontal caves. Within some of these patterns,
variations result from differences in site-specific geologic con-
ditions, topographic position and evolution.

The majority of cave entrances are vertical and formed by
dissolution along planes of structural weakness that extend to
the surface. Some of the entrance shafts comprise the full
extent of the cave, while others lead to horizontal segments of
passage. These horizontal passages sometimes intersect other
shafts, which in turn often intersect additional horizontal pas-
sage. Hence, some caves exhibit a stair-step profile in which
the vertical extent of the cave is achieved by a series of drops
offset by sections of more gently inclined passage (White,
1988).

Some caves are entirely horizontal in profile. Shelter type
caves are dissolution pockets in the limestone bedrock that
were exposed by erosion, or they formed by stoping within a
surface exposure along planes of structural weakness. Other
horizontal caves are remnants of meandering phreatic tubes
which, in some cases, have been modified by vadose flow as
regional base level was lowered. Some caves appear to have
formed entirely within the vadose zone.

Certain cave patterns correspond with particular landscape
positions, while others occur throughout the study area. Caves
with vertical entrances generally occur on residual hill slopes,
in the bottom of sinkholes, or on hilltops. They are rarely
found in valley bottoms. The profiles of all types of caveinthe
study areaindicate strong vertical control. Thisis attributed to
the numerous fractures and possible faults within the bedrock.
Because bedding planes are few, most caves have developed
along vertical planes of structural weakness. Vertical cavesare
generally not exposed within dry valley bottoms because they
have been filled with organic material, soil, and sediment from
slope wash. The few vertical entrances not blocked by debris
in valley bottoms are discrete recharge points that are kept
open by shaft flow during the wet season. Shafts on hilltops
are usually blind, and are blocked by breakdown.

In many caves, entrance shafts lead to segments of hori-
zontal passage. The entrances to these caves are generally
located on residual hillside slopes or sinkhole bottoms on side
slopes. Many of the entrances are located at topographic posi-
tions not affected by slope wash, hence, they are not clogged
with debris. The entrances in sinkhole bottoms are kept open
by concentrated recharge during the wet season. The horizon-
tal sections of passage generaly follow the same trends as the
lines of structural weakness; these passages probably formed
by latera chemical erosion during periods when the water
table was stable. In many caves the horizontal passages con-
nect to another shaft. These shafts formed as base level was



lowered and recharge was focused vertically along lines of
weakness, and the horizontal passages formed under a stable
water table. Some caves have as many as four horizontal lev-
els connected by shafts. The deepest cave has three horizontal
levels which are connected by drops of 60 (the entrance shaft),
20, and 10 m.

Shelter caves occur in al topographic positionsin the study
area, but areleast common on hilltops and most common on or
at the base of residual hill slopes. Entirely horizontal caves
generally occur on side slopes. A few horizontal caves in the
study area appear to have formed entirely in the vadose zone.
These caves are generally narrow, tortuous fissures formed by
vadose flow moving aong planes of structural weakness.
Several horizontal caves contain segments of phreatic tubes
indicating that they formed below the water table (Figure 8).
These caves are, in some cases, located 50 meters above dry
valley elevation and 200 meters above the contemporary water
table. They formed at a time when base level was higher, con-
temporary valleys were not as incised or did not exist, and the
net thickness of area bedrock was greater because the denuda-
tion process was not fully advanced. These caves also provide
clues about the evolution of the karst landscape on the north-
ern Vaca Plateau.

Uplift, faulting, and fracturing increased the secondary per-
meability in the rocks, and autogenic water began to dissolve
the nearly pure (98% CaCQs) limestone along these planes of
structural weakness. During this period, the water table was
fairly stable and close to the surface, and dissolution tubes
began to form in the shallow phreatic system. As the valleys
deepened, base level was lowered, the elevation of the water
table decreased, interfluves developed between valleys, and
caves in the shallow phreatic zone drained. Phreatic develop-
ment continued deeper within the landscape, and drained
phreatic tubes were modified by vadose flow. These passages
developed the classic “keyhol€” shape as canyonswere cut into
the bottom of phreatic tubes (Figure 8).

Valleys continued to widen and deepen, base level and the
water table continued to lower, upper level cave passages were
abandoned and phreatic development kept pace with the water
table. Eventualy, aimost all surface flow ceased, and flow
through the subsurface drainage network was enlarging only
areas of preferential flow. Caves higher in the landscape shift-
ed from an erosional stage to depositional and were filled with
sediment and formations. Valley widening and incision slowed
and the most significant areas of dissolution were below the
water table which was probably >300 m below the surface
interfluves.

The contemporary landscape contains numerous karst fea-
tures that seem out of phase with their topographic position.
Large shafts are located on residual hillside slopes with small
catchments. Passages containing well developed phreatic
tubes are located at the top of narrow interfluves tens of meters
above valley level, and hundreds of meters above the water
table. Large sinkholes with sizable catchments are located on
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Figure 8. “Keyhole’ passage in Bushman Cave. Thistype
of passage formed first under phreatic conditions, and then
as regional base level lowered a vadose canyon formed at
the base of the tube.

steep residual hill slopes. These features are relicts of the for-
mer landscape in that they formed under conditions different
from those at present. All of these features show clear evi-
dence that they once transported substantial volumes of water.
The contemporary residual hilltops were once in the phreatic
zone below valley level. The now hydrologically abandoned
shafts on valley side slopes in the contemporary landscape
were probably once the focus of recharge waters moving from
the surface to the subsurface within an active fluvial system.
The sinkholes now located at mid-hill slope were also proba-
bly once part of the active fluvial system that existed in valley
bottoms.

CONCLUSIONS
Analysis of lithologic and geomorphic features within the
25 km? study areain west-central Belize revealed that the karst

landscape is greatly influenced by the lithology and structure
of the bedrock. The majority of limestone in the study area
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formed adjacent to a structurally emergent area, as a deposi-
tional breccia consisting mostly of lithoclasts of micrite with a
sparry calcite cement. Variations in composition of the litho-
clasts reflect local variations in the depositional environment.
Geologic structures including faults, joints, and fractures
formed during periods of uplift in and adjacent to the study
area. These periods of uplift account for the existence of some
tectonic breccias in the study area.

The geologic structures in and adjacent to the study area
have similar orientations to karst landforms including solution
valleys, depression long axes, and cave passages. This corre-
spondence demonstrates the influence that structure has had on
landscape and cave formation and evolution. The evolution of
the surface karst landscape and the caves has also been greatly
affected by base level modifications. The lowering of base
level incised valleys, enhanced interfluve development, and
caused caves within the interfluves to be truncated along val-
ley sides and abandoned as active flow routes. The stair-step
pattern of cavesin the study area demonstrates that there have
been periodic shifts in base level followed by periods of sta-
bility.

Through time, numerous landscape features were aban-
doned as active zones of solution as regional base level was
lowered. They are now fossils representing the former land-
scape. By studying these features, and related petrology and
structure, it was possible to gain alimited understanding of the
formation and evolution of the northern Vaca Plateau’s caves
and karst landscape. Future research in this little studied area
of Central American karst will provide additional information
about karst processes in the tropics.
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The Chiquibul Cave Systemis the longest and largest known network of cavesin Central America. Most
biological collections and observations in the system were conducted in 1986 in the Cebada Cave seg-
ment. Other collections were made in 1984 and 1988. At least 70 invertebrate species are known from
the system. Many species await study, and of these, two aquatic and five terrestrial species are apparent
troglobites. A zonation survey in the entrance of Cebada Cave showed typical forest litter speciesin all
areas. The fauna of the deep zones of the system included only troglophiles and troglobites. Troglobites
were rare and present only in the area farthest from the entrance.

The Chiquibul Cave System is located in a remote and lit-
tle known area of west-central Belize on the southern Vaca
Plateau (see location map on page 68), with its downstream
end extending into Guatemala. Primarily comprised of four
hydrologically-linked caves (see Miller, Figure 15, this issue),
the system formed by the sinking of the Chiquibul River into
its present and former subterranean conduits. Itsresurgenceis
in Guatemala. Over 55 km of passagesin the system have been
surveyed, including the largest known passages and cave room
in the Western Hemisphere (Miller, 1989).

The cave fauna of Belize and Guatemala has been poorly
studied, with few systematic surveys having been conducted.
Most collections have been sporadic and associated with gen-
eral exploration and mapping expeditions. The only general
discussion of the faunais that of Reddell (1981). Recent work
in other parts of Belize has been conducted by William R.
Elliott and Stewart B. Peck. The present study of the Chiquibul
Cave System is the first comprehensive biological study con-
ducted in Belize. The only other biospeleological studies of
the area are the description of a new species of troglobitic crab
found by Tom Miller during a 1984 reconnaissance of the
Chiquibul area (Hobbs, 1986), and the description of a new
species of troglobitic shrimp found by Don Coons in the
Chiquibul System’s Actun Tunkul segment in 1986 (Hobbs &
Hobbs, 1995).

Three expeditions explored the Chiquibul System, making
few biological collectionsin 1984, most in 1986, and addition-
a collectionsin 1988. This report compiles those data, identi-
fying the discovered species and their habitats.

DEscRIPTION OF THE CHIQUIBUL CAVE SYSTEM

Each year, about 2.5 m of rain falls on the noncarbonate
rocks of Belize's Maya Mountains and flows west toward the
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karstic Vaca Plateau. The resultant Chiquibul River goes
underground about 1 km before reaching the Chiquibul
System’s Kabal Cave Group, which consists of a series of
large, former stream passages that occasionally transmit flood
overflows and intersect the underground Chiquibul River in
one passage for about 150 m. The upper end of Kabal holds
ponded floodwaters with large, washed-in rotting trees and
organic debris. Downstream the system holds less water and
organic material because fewer collapses intersect the cave.
Passages in the cave are generally 10-60 m wide and 10-30 m
high.

The downstream end of the Kabal Group is truncated by a
valley which isa 1.2-km-stretch of collapsed passage that ends
at the entrance of 12-km-long Actun Tunkul. Tunkul isalso a
former conduit for the Chiquibul River and is only seasonally
flooded. With the exception of some short side passages, the
caveisalarge single passage averaging 40-50 m wide by 20 m
high, enlarging in the Belize Chamber to more than 200 m in
diameter. Approximately 1 km into the cave, a perennia
stream enters from a side passage. In addition, minor seeps
occur along the main passage walls. Most of the floor is a
thick deposit of sand and silt laden with organic debris. The
cave ends in a deep sump about 500 m from the upstream end
of Cebada Cave.

The entrance to Cebada Cave is 1.5 km east of the
Guatemalan border at the base of a deep collapsed sinkhole,
like the other caves of the Chiquibul System. The cave con-
tains the full flow of the underground Chiquibul River, which
averages 2-4 m wide and 1-2 m deep, with a baseflow of about
2 m3/s. Annual stream rises greater than 20 m are not unusual,
and large amounts of organic debris often enter the cave. The
river is flanked by large banks of sand, silt, and some break-
down. Some pools amid the silt banks contain adark red alga.
Upstream, the cave extends south, then east for over 4 kmto a
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large collapse. The passage is similar to Actun Tunkul but has
more side passages and the side passages tend to be longer.
The Chiquibul River emerges from the breakdown, and a 2-4
m diameter upper level passage intersects the river 1.1 km
upstream near Tunkul. Downstream from the Cebada entrance
the river flows about 2.2 km and sumps just before reaching
Guatemala. An overflow passage exits to the 500-m-diameter
collapsed “Zactun” sinkhole just inside Guatemala, and a
large, well-decorated passage intersects the main passage far
above flood levels.

The resurgence segment of the cave systemis Xibalba. The
Chiquibul River enters the cave through breakdown near a col-
lapse-formed “Middle Entrance,” and flows down the 2.3-km-
long main passage, which averages 70-100 m wide by 30-50 m
high. The river discharges from breakdown into a surface river
below Xibalba's 200-m-wide by 80-m-high main entrance.
Two other significant passages also occur in the cave. Oneis
a dry, upper level, 30-m-wide by 20-m-high passage that
extends north from the main entrance for 750 m. The other
begins at the Zactun sinkhole and extends as a series of lakes
for nearly 3 km to the upstream end of the main passage.

EcoLocicAL ZONES

The massive size of the Chiquibul entrances and passages,
and the volume of floodwaters that flow through them some-
what blur the distinction between the entrance, twilight, and
dark zones. Daylight can reach over 200 m into most
Chiquibul caves, which are easily accessible by most epigean
species. Floods carry ample organic material through the sys-
tem, in addition to species such as catfish that are common in
Cebada Cave.

Specimens were collected by hand throughout most of the
cave system. In addition, pitfall traps were placed in five loca
tions in the Cebada Cave entrance area (Figure 1). The pit
openings were 2.5 cm in diameter and were covered with a
caprock placed 2 cm above. A margarine-oats-sugar bait was
placed on the bottom of the caprock.

The following discussion includes the location and general
ecological conditionsin the parts of the system that were stud-
ied. Brief notes are also provided on the fauna in each area.

ACTUN TUNKUL

The only collections in this cave have been of one species
each of troglobitic shrimp and crab by Tom Miller and Don
Coons. This section should contain arich troglobitic fauna.

CeBADA CAVE ENTRANCE AREA

The entrance area was divided into three zones (A, B, C)
based on available natural light (Figure 1). Batsand cliff swal-
lows inhabited this part of the cave.

Zone A: This zone extended across the passage from the
drip-line for about 20 m into the cave. It contained surface
fauna and was modestly representative of that ecosystem. It
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Figure 1. Biotic sampling zones and pitfall trap locationsin
the main entrance area of Cebada Cave (after Grundy &
Whitwell, 1990).

was located under the cave's drip-line and was heavily vege-
tated due to severa hours of daily direct sunlight. The sub-
strate was mostly a dry loose sand. Pitfall trap no. 1 was
placed in this zone. One beetle was found in this trap.

Zone B: This zone extended across the passage and into
the cave for about 20 m. It had sparse vegetation, including
some moss. It received no more than an hour of direct sunlight
per day, and was markedly cooler than Zone A. Pitfall trap no.
2 was placed in an area of dry sand substrate. It was more suc-
cessful than pitfall trap no. 1. The only troglobitic species
found in this zone was the collembolan Troglopedetes ?n.sp.

Zone C: This zone extended from the stream to the left
wall and was about 120 m long. It lacked vegetation. There
was seldom direct sunlight and the temperature was near the
cave's constant of 22°C. Three pitfall trapswere placed in this
zone. Pitfall trap no. 3 was placed on wet clay substrate.
Pitfall trap no. 4 was placed on dry sand substrate. Pitfall trap
no. 5 was placed on wet gravel/cobble with some sand sub-
strate about 2 m from and 0.5 m above the baseflow of the
Chiquibul River. Thiszone contained some surface species but
aso included the troglobitic isopod Troglophiloscia sp. cf.
belizensis and the collembolan Troglopedetes ?n.sp.
Troglophiles included spiders of the subfamily Araneinae and
the isopod Sphaerarmadillo sp. cf. schwarz. The troglophilic
rove beetle Homaeotarsus sp. was especially abundant near the
stream. |sopods were found only on wet mud substrate.

UpPsTREAM CEBADA CAVE

No differences in faunal variety or abundance occurred
between this section and the downstream section (see below),
except for the lack of the small carabid beetles found near the



downstream sump. No fauna was observed in the upper level
passage, which heads toward Actun Tunkul. No collections
were made in this section.

CATFISH PassaGE

Located about 2 km upstream from the Cebada Cave
entrance, thisis the most extensive series of passages that feed
into the Chiquibul River. The passage does not contain catfish,
but is named for a catfish skeleton on a mud bank in the main
passage near its entrance. An unidentified water treader col-
lected from aclear, flowing, bedrock-floored pool was the only
one seen in the Chiquibul System. Observed, but uncollected,
fauna included crabs, amblypygids, and beetles. Terrestrial
troglobites included the isopod Troglophiloscia sp. cf. belizen-
sis and the collembolan Troglopedetes Pn.sp.  Troglophiles
included carabid beetles and the spiders Metagonia sp. and an
undetermined species of the subfamily Araneinae.

DownNsTREAM CEBADA CAVE

Small carabid beetles were found only near the down-
stream sump of Cebada Cave on a predominantly organic rich
mud substrate. All other collected fauna (beetles, spiders,
springtails, harvestmen, isopods, amblypygids, etc.) were
found on sand-silt banks and well above stream level.
Representatives of all observed fauna were collected, except
for the large population of non-troglobitic catfish. All species
found in this area are probably either troglophiles or troglo-
bites. This was the only locality for the troglobitic entotroph
of thefamily Campodeidae. Other troglobitesincluded theiso-
pod Troglophiloscia sp. cf. belizensis, the pseudoscorpion
Mexobisium goodnighti, and the collembolan Troglopedetes
m.sp.

ACTUN ZACTUN

A small collection by OliviaWhitwell was made in the twi-
light zone. It included only amblypygids and scutigeromorph
centipedes.

XiBALBA (MAIN STREAM PASSAGE)

Only one large spider, about 600 m from the resurgence
entrance was collected in this section of the cave. Crickets,
bats, and millipede exuviae were observed.

XiBaLBA (RB SURVEY)

Thisisthe high level, dry passage near the resurgence. Dry
guano coversthe floor of the passage’s first 300 m to depths of
over one meter. This area is often exposed to direct or near-
direct sunlight. Invertebrates and guanophiles were not found
on the guano, but bats and cliff swallows were observed above
it. The passage was dry except for the damp collection site
located in the final hundred meters of the passage. All species
obtained in this area were troglophiles or troglobites. Crickets
were observed throughout the passage. Hundreds of millipede
exuviae occurred in the dry part of the passage. Although no
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live millipedes were actually observed, they may go there to
dry out their new exoskeletons. Troglobitic species include the
pseudoscorpion Mexobisium goodnighti and undetermined
pholcid spiders.

CAVE FAUNA

A minimum of 70 invertebrate species has been found in
the Chiquibul Cave System and they are listed in the appendix
to thisreport. Much of the fauna remains unidentified for lack
of specialists in specific groups. The cave fauna, as in most
large stream caves in Centra America, is dominated by
epigean species washed into the cave or attracted to entrance
areas by abundant food and shelter.

The aquatic cave fauna is poorly known with only three
species recorded. Many small crustaceans probably occur and
they may be of considerable interest. The aquatic species
include an unidentified catfish of the genus Rhamdia, the
troglobitic shrimp Macrobrachium catonium Hobbs and Hobbs
(1995), and the troglobitic crab Typhlopseudothel phusa acan-
thochela Hobbs (1986). The fish and crab occur in all parts of
the system. The shrimp is known from the Actun Tunkul sec-
tion. The troglobitic catfish R. laticauda typhla Greenfield,
Greenfield, and Woods (1983) occurs in other caves in Belize
and could possibly be found in remote parts of the Chiquibul
Cave System. All observed catfish in the system, however,
appeared to have fully developed eyes and pigment.

The terrestrial cave fauna includes a large number of acci-
dentals and trogloxenes, most still unidentified. Few troglo-
bites are known in the cave system but this number should
increase with further study. Only four or five species show sig-
nificant adaptations to the cave environment. The pseudoscor-
pion Mexobisium goodnighti Muchmore (1973) is a highly
troglomorphic species known from several other Belize caves.
The isopod Troglophiloscia sp. cf. belizensis is abundant in
Cebada Cave. This species was described by Schultz (1984)
from caves near Caves Branch and Augustine. An undescribed
species of Collembola of the genus Troglopedetes was found in
several areas of Cebada Cave. This genus is widespread in
Middle America (Palacios-Vargas, Ojeda, and Christiansen,
1985). A single specimen of an apparently troglobitic species
of the entotroph family Campodeidae was found in the
Downstream Section of Cebada Cave. Finally from Xibalba,
unidentified juveniles of the spider family Pholcidae were col-
lected. These have reduced eyes and may be an undescribed
troglobite. Of specia interest isthe presence in large numbers
of the eyeless isopod Sphaerarmadillo sp. cf. schwarz. This
species is widespread from caves and leaf litter in Guatemala,
Belize, and southern Mexico (Schultz, 1984).

Discussion

The Chiquibul Cave System provides a wide variety of
habitats available for colonization by invertebrates. These
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habitats range from large vegetated entrance areas to remote
subterranean areas characterized by comparatively lower ener-
gy levels and extensive deposits of speleothems.

The zonation survey in the entrance area of Cebada Cave
shows no distinct demarcation of fauna. The minimal light and
absence of vegetation allows a few of the less cave-adapted
troglobites to survive. Accidentals and troglophiles were
found in al three zones.

Pitfall trap results in these zones closely reflect the
observed fauna except that trap #1 in Zone A was notably
unsuccessful. Thisis probably adirect result of the abundance
of food, thus largely negating the attraction of the bait in the
trap. Thetrapsin Zones B and C were in areas with less food
and therefore the bait was more attractive to more species.

The fauna of the deep zone parts of Cebada Cave
(Downstream and the Catfish Passage) and Xibalba is domi-
nated by troglophiles and troglobites as would be expected in
these areas of low energy input. The absence of more acci-
dentals in these flood-prone areas is somewhat surprising, but
may be a reflection of the time of collection (near the end of
the dry season) and the inability of non-cave adapted speciesto
survive in these areas.

Troglobitic crabs have been found on all types of substrate
in Actun Tunkul, Cebada Cave, and Xibaba, but were often
close to pools, rimstone dams, and seeps entering the main
stream. None were observed feeding, but their slender pinch-
ers are strong enough to snap onto cavers' fingers and get lift-
ed into the air. One female crab bearing 48 young was col-
lected. It is interesting to compare this with specimens of
Typhlopseudothelphusa mocinoi Rioja from Chiapas. One
specimen of this less cave-adapted species contained 57 young
while another had 75 eggs (Hobbs, Hobbs & Daniel, 1977).
Epigean speciestypically produce many more young than this.
Based on a 1984 observation in Tunkul, the crabs can grow up
to 10-cm-diameter bodies with legs and pinchers of propor-
tional size, although 3-cm-diameter bodies are far more typi-
cal.

The ubiquitous catfish of Cebada Cave range from 10-70
cminlength. They exhibit no features of adaptation to the cave
environment. However, the younger fish are a medium dark
brown to brown-gray color that fades to a pale white to gray as
they get older. Dark coloring on the larger, apparently older,
fish was found to be a coating of stream silt. No catfish were
seen in Xibalba. Apparently the breakdown between Xibaba
and Cebada is dense enough to prevent the catfish from swim-
ming through. It would be interesting to study catfish from all
parts of the system to see if any demonstrate reduction of eyes
and pigment not readily apparent in the cave.

Despite the limitations of this study (lack of collectionsand
intensive studies from other parts of the system) the results are
valuable in demonstrating the patterns of colonization in the
system. Other troglobitic groups present in Belize caves
(schizomids, charontid amblypygids, ochyroceratid spiders,
vachoniid pseudoscorpions, phalangodid harvestmen, and
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cambalid millipedes) may well occur in the Chiquibul System.
We urge that other studies of this type be conducted in other
large cave systemsin Belize.
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APPENDIX
Thefollowing is acomplete list of fauna collected from the
Chiquibul Cave System. Specimens of many groups were sent
to specialists for identification but remain unstudied. Where
possible the number of specimensis given. Records are sepa-
rated by separate cave segments with the areas in the cave
placed in parentheses.

PHYLUM NEMATOMORPHA
CLASS GORDIOIDA (gordion worms)
Undetermined material (parasite)
Record. BELIZE: Cebada Cave (Zone C).
Comment. One adult gordion worm was collected. The host is
unknown.

PHYLUM MOLLUSCA
CLASS GASTROPODA (snails)
Undetermined materia

Records. BELIZE: Cebada Cave (Zones A, B).
GUATEMALA: Xibaba (RB Survey).

Comment. Dry shells of about six species are represented by
the above records. This material probably washed into the
cave and probably should not be considered part of the
true cave fauna

PHYLUM ARTHROPODA
CLASSARACHNIDA
Order Amblypygida
Family Phrynidae
Paraphrynus sp. (troglophile)

Records. BELIZE: Cebada Cave (Downstream; Catfish

Passage). GUATEMALA: Actun Zactun (Twilight Zone).
Comment. No specimens were collected from the Catfish

Passage of Cebada Cave but are probably the same asin

other parts of the system.

Order Pseudoscorpionida (pseudoscorpions)
Undetermined materia
Record. BELIZE: Cebada Cave (3 km upstream of entrance).
Comment. One specimen from this locality awaits study.
Family Bochicidae
Mexobisium goodnighti Muchmore (troglobite)
Records. BELIZE: Cebada Cave (Downstream).
GUATEMALA: Xibalba (RB Survey).
Comment. This collection included one mae, 4 females, and
one nymph from Cebada Cave and 1 femae from
Xibalba.

Order Araneae (spiders)
Family Agelenidae
Undetermined genus and species
Record. BELIZE: Cebada Cave (Zone A).
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Comment. Two immature specimens of this family were col-

lected.

Family Araneidae
Undetermined genus and species of the subfamily
Araneinae

Records. BELIZE: Cebada Cave (Catfish Passage; Zones A,

B, C).
Comment. This material requires further study.

Micrathena sp. (accidental)
Record. BELIZE: Cebada Cave (Zone B).
Comment. A single male of this genus was collected.
Cupiennius sp. (accidental)
Record. BELIZE: Cebada Cave (Zone A).
Comment. A single immature specimen was collected.
Family Pholcidae
Undetermined genus and species (troglobite)

Record. GUATEMALA: Xibaba (RB Survey).
Comment. Only two immature specimens of this species with

reduced eyes were obtained.

Metagonia sp. (troglophile)

Record. BELIZE: Cebada Cave (Catfish Passage).
Comment. Only single fragmented female was available for

study.
Metagonia n.sp. (troglophile)
Record. BELIZE: Cebada Cave (Downstream).
Family Salticidae
Undetermined genus and species (accidental)
Record. BELIZE: Cebada Cave (Zone B).
Comment. One specimen of this family was collected.
Family Scytodidae
Scytodes sp. (roglophile)
Record. BELIZE: Cebada Cave (Zone B).
Comment. A single female of this genus was collected.
Family Sicariidae
Loxosceles yucatana Chamberlin and Ivie (troglophile)
Record. GUATEMALA: Xibalba (RB Survey)
Comments. One female was collected. This species is wide-
spread throughout the Yucatan Peninsula and Belize.
Family Uloboridae
Philoponella sp. (?accidental)
Record. BELIZE: Cebada Cave (Zone B).
Comment. One female was collected.

Order Opilionida (harvestmen)
Family Sclerosomatidae
Geaya belizensis Goodnight and Goodnight (trogloxene)

Records. BELIZE: Cebada Cave (Catfish Passage; Zones B,
C; and Pitfal Traps 2-5).

Comment. The following material was collected from each
part of the cave: Catfish Passage (6 juveniles), Zone B (1
male, 2 females, 4 juveniles), Zone C (11 juveniles),
Pitfall Trap 2 (14 juveniles), Pitfall Trap 3 (1 juvenile),
Pitfall Trap 4 (3 juveniles), Pitfall Trap 5 (1 juvenile).
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Order Acarida (mites and ticks)
Undetermined material
Record. BELIZE: Cebada Cave (Zone B).
Comment. One mite was collected.

Suborder Metastigmata (ticks)
Family Ixodidae
Amblyomma sp. (parasite)
Record. BELIZE: Cebada Cave (Zone C).
Comment. A single nymph was taken from a human host.
Ixodes (Ixodes) boliviensis Neumann (parasite)

Record. BELIZE: Cebada Cave (Zone C).
Comment. One female was taken from a human host. This

species has been reported from man and awide variety of

wild and domesticated hosts.

Suborder Prostigmata (mites)
Family ?Trombidiidae
Undetermined genus and species
Record. GUATEMALA: Xibaba (RB Survey).
Comment. Four mites possibly belonging to this family were
collected.

CLASS CRUSTACEA
Order Isopoda
Suborder Oniscoidea
Family Oniscidae

Records. BELIZE: Cebada Cave (Zone A, B).

Comment. One specimen of this epigean species was found
in each zone.

Family Philosciidae
Troglophiloscia sp. cf. belizensis Schultz

Records. BELIZE: Cebada Cave (Catfish Passage;
Downstream; Zone C; Pitfall Trap 3).

Comment. This species was abundant throughout Cebada
Cave. The following material was collected: Catfish
Passage (1), Downstream (4), Zone C (3), Pitfall Trap 3
().

Family Sphaeroniscidae
Sohaerarmadillo sp. cf. schwarz Richardson (troglophile)

Records. BELIZE: Cebada Cave (Downstream; Zones B, C;
Pitfall Trap 3). GUATEMALA: Xibalba.

Comment. Specimens of this family are abundant in moister
parts of the cave. The following material was collected:
Downstream (4), Zone B (4), Zone C (2), Pitfall Trap 3
(5), Xibalba (2).

Order Decapoda
Family Palaemonidae (shrimp)
Macrobrachium catonium Hobbs and Hobbs (troglobite)
Record. BELIZE: Actun Tunkul.
Comment. This species is aso known from Actun Chapat,
Cayo District, Belize.
Family Pseudothel phusidae (crabs)
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Typhlopseudothel phusa acanthochela Hobbs (troglobite)

Records. BELIZE: Cebada Cave (Downstream; Catfish
Passage); Actun Tunkul.

Comment. This species is aso known from Actun Chapat,
Cayo District, Belize. One of three specimens from
Cebada Cave carried 48 young. Specimens were seen but
not collected from the Catfish Passage.

CLASS ENTOGNATHA
Order Collembola (springtails)
Family Entomobryidae
Troglopedetes n.sp. (troglobite)
Records. BELIZE: Cebada Cave (Catfish Passage;
Downstream; Zones B, C; Pitfall Traps 2-5).
Comment. This undescribed species is widespread in caves
throughout Belize. It was abundant in all parts of the
cave.

Order Entotrophi (entotrophs)
Family Campodeidae
Undetermined genus and species (troglobite)
Record. Cebada Cave (Downstream).
Comment. This species appears to be highly troglomorphic. A
single specimen was collected.

CLASS INSECTA (insects)
Undetermined material (larvae)
Records. BELIZE: Cebada Cave (Zone B; Pitfall Trap 2).
Comment. This material is under study.
Order Orthoptera
Undetermined material (accidental)
Record. GUATEMALA: Xibalba
Comment. Only one specimen was collected.
Family Gryllidae (true crickets)
Undetermined genus and species (?troglophile)
Records. GUATEMALA: Xibalba (Middle Entrance; RB
Survey).
Comment. Specimens from the Middle Entrance were taken
from under bats.

Order Blattaria (roaches)
Undetermined material (accidental)
Record. BELIZE: Cebada Cave (Zone A).
Comment. One dead specimen was collected.

Order Hemiptera (true bugs)
Undetermined material (?accidental)
Records. BELIZE: Cebada Cave (Catfish Passage; Zone B).
Comment. A water treader from the Catfish Passage was taken
from a clear, flowing, bedrock-floored pool.

Order Homoptera
Undetermined material (accidental)
Record. BELIZE: Cebada Cave (Zone A).



Comment. One specimen was collected.

Family Aphididae (aphids)
Undetermined genus and species (accidental)
Record. BELIZE: Cebada Cave (Zone B).
Comment. One specimen was collected.

Order Coleoptera (beetles)
Undetermined material

Records. BELIZE: Cebada Cave (Pitfall Trap 4; Catfish
Passage).

Comment. Two or more species of undetermined beetles were
collected. No specimens were obtained from the Catfish
Passage. This material is presently under study.

Family Carabidae (ground beetles)
Undetermined genus and species (troglophile)

Records. BELIZE: Cebada Cave (Catfish Passage;
Downstream). GUATEMALA: Xibalba.

Comment. In the downstream section these were present near
the sump on an organically rich mud substrate.

Family Curculionidae (weevils)
Undetermined genus and species (accidental)

Record. Cebada Cave (Zone B).

Cossonus sp. (accidental)

Record. BELIZE: Cebada Cave (Zone C).

Pseudopentarthrum sp. (accidental)

Record. BELIZE: Cebada Cave (Zone A).

Family Dryopidae (long-toed water beetles)
Helichus sp. (accidental)
Record. BELIZE: Cebada Cave (Zone B).
Family Elateridae (click beetles)
Agrypnus sp. (accidental)
Record. BELIZE: Cebada Cave (Zone B).
Horistonotus sp. (accidental)

Record. Cebada Cave (Zone C).

Family Endomychidae (handsome fungus beetles)
Anamor phus sp. (accidental)

Record. BELIZE: Cebada Cave (Zone A).

Family Pselaphidae (mold beetles)

Scalenarthrus sp. (?accidental)

Record. BELIZE: Cebada Cave (Pitfall Trap 2).
Comment. Two specimens of this genus were collected.

Family Staphylinidae (rove beetles)

Homaeotarsus sp. (troglophile)

Records. BELIZE: Cebada Cave (Zone C; Pitfall Traps 3, 5).

Comment. This species was extremely abundant with 34 spec-
imens taken from pitfall trap no. 5.

Scopaeus sp. (?accidental)
Record. BELIZE: Cebada Cave (Zone B).
Comment. Only two specimens of this genus were found.
Samnoderus sp. (?accidental)
Record. BELIZE: Cebada Cave (Zone B).
Comment. A single specimen was collected.
Senus sp. (?accidental)
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Record. BELIZE: Cebada Cave (ZoneA).
Comment. A single specimen was collected.
Order Lepidoptera (moths)
Undetermined material
Records. BELIZE: Cebada Cave (ZonesA, B, C).

Order Hymenoptera
Undetermined material
Records. BELIZE: Cebada Cave (Zones A, B).
Family Formicidae (ants)
Azteca sp. (accidental)
Record. BELIZE: Cebada Cave (Zone A).
Comment. Six specimens of this genus were collected.
Camponotus abdominalis (Fabricius) (accidental)

Record. BELIZE: Cebada Cave (Zone A).
Comment. One specimen of this species was collected.

Crematogaster sumichrasti Mayr (accidental)
Record. BELIZE: Cebada Cave (Zone A).
Comment. Six specimens of this species were collected.

Pachycondyla carinulata (Roger) (accidental)
Record. BELIZE: Cebada Cave (Zone B).
Comment. One specimen of this species was collected.

Paratrechina sp. (accidental)
Record. BELIZE: Cebada Cave (Zone A).
Comment. One specimen of this genus was collected.
Pheidole punctatissima Roger (accidental)
Record. BELIZE: Cebada Cave (Zone A).
Comment. One specimen of this species was collected.
Solenopsis geminata (Fabricius) (accidental)

Record. BELIZE: Cebada Cave (Zone C).
Comment. One specimen of this species was collected.

Wasmannia auropunctata (Roger) (accidental)
Record. BELIZE: Cebada Cave (Zone A).
Comment. Four specimens of this species were collected.

Order Diptera (flies)
Undetermined material
Records. BELIZE: Cebada Cave (Downstream; Entrance areg;
Zone B, C; Fitfall Traps 2, 3, 5).
Comment. Numerous species are represented in these collec-
tions. This material is all under study.
Family Sphaeroceridae (small dung flies)
Opalimosina n.sp. (?accidental)
Record. BELIZE: Cebada Cave (Zone A).

CLASS CHILOPODA (centipedes)
Order Scutigeromorpha
Undetermined material
Records. BELIZE: Cebada Cave (Downstream).
GUATEMALA: Actun Zactun (Twilight Zone).

CLASS DIPLOPODA (millipedes)

Order Spirostreptida
Family Spirostreptidae
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Orthoporus sp. (troglophile)
Record. GUATEMALA: Xibaba (RB Survey).
Order Polydesmida
Family Pyrgodesmidae
Undetermined genus and species (troglophile)
Record. BELIZE: Cebada Cave (Downstream).

PHYLUM CHORDATA
CLASSTELEOSTOMI
Order Cypriniformes
Family Pimelodidae (catfish)

Rhamdia sp. (troglophile)

Records. BELIZE: Cebada Cave (Upstream; Downstream);
Actun Tunkul. GUATEMALA: Xibaba (Main Stream
Passage).

Comment. Catfish from the Chiquibul System show no obvi-
ous signs of cave adaptation.
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Order Synbranchiformes
Family Synbranchidae
Undetermined genus and species
Record. BELIZE: Actun Tunkul.
Comment. Severa eels were observed in this cave by Logan
McNatt (pers. comm., 1995).

CLASSAVES
Order Passeriformes
Family Hirundinidae
Undetermined genus and species
Records. BELIZE: Cebada Cave (Entrance Area).
GUATEMALA: Xibalba (Entrance Area).
Comment. No specimens were collected.

CLASS MAMMALIA
Order Chiroptera
Undetermined material
Records. BELIZE: Cebada Cave (Entrance Area).
GUATEMALA: Xibaba (Man Stream Passage; RB
Survey).
Comment. No specimens of bat were collected.
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Karst areas in Belize are coming under increasing pressure from agriculture and other commerce.
Opportunely protected karst areas are incorporated within forest reserves, national parks, wildlife sanc-
tuaries, nature reserves, archaeological reserves, private conservation and management areas, and spe-
cial development areas.

The total area of karst afforded nominal protection is about 3400 kn®, or about 68% of the total.
Incorporating special development areas, the protected karst area is about 4300 kim?, or 86% of the total.
Even the more conservative percentage is unparalleled in Central America and the Caribbean, and per-
haps the world.

Sgnificant protected karst areas include the Chiquibul, Blue Hole and Five Blues Lake national parks,
the Bladen, Aquas Turbias and Tapir Mountain nature reserves, the Monkey Bay Wildlife Sanctuary, the
Rio Bravo Conservation and Management Area, and the Caracol, Xunantunich, Cahal Pech and El Pilar
archaeological reserves. Extensive karst areas are |ocated within the Vaca, Columbia River, Sbun, and
Manatee forest reserves. The Manatee and Cayo West special development areas have considerable

karstic components.

Throughout the world, karst landscapes are increasingly
subject to human impacts (Gillieson & Smith, 1989; Sauro et
a., 1991; Williams, 1993; Ford, 1993). Karst regions in the
Caribbean and in Central America have come under particular
pressures from agricultural and industrial expansion (Day,
1993a), and the karst of Belizeisitsalf experiencing increasing
environmental stress (Day, 1987, 1991, 1993b; Day & Rosen,
1989).

General issues of human encroachment and accelerating
land “development” aside, karst landscapes in Belize and else-
where merit conservation for a variety of reasons. Many are
areas of special scientific interest; others are areas of outstand-
ing natural beauty. They often represent significant floral and
faunal refuges, and they function as valuable hydrologic reser-
voirs. Many are of archaeological significance, and they are all
intrinsically fragile, being susceptible to rapid deterioration of
soil, water and other natural resources. Particular challengesto
the integrity of karst terrains in Belize include increases in
agricultural development, especialy citrus cultivation, indis-
criminate forest clearance, quarrying, and water contamina
tion. Caves are at risk from this general suite of impacts, plus
increasing recreational activities and rampant looting of
archaeological artifacts.

At the sametime, there isincreasing avareness in Belize of
the need to establish protected areas, which are set aside for
specific purposes and generally managed for conservation of
resources (Nicolait, 1995). Sixty-two percent of land in Belize
is under public ownership, and about 28% is demarcated as
government forest reserves (Nicolait, 1991). Currently, con-
servation areas include twenty forest reserves, seven national
parks, two wildlife sanctuaries, four nature reserves, and five
archaeological reserves, plus at least twenty private conserva-
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tion and management areas and six specia development areas
(Figure 1; Table 1). These protected areas and sites in Belize
encompass awide range of designations and purposes, but col-
lectively they account for over 30% of Belize's land area
(Nicolait, 1992). Many of these protected areas include karst
landscapes, and it is upon them that this paper is focused.

KARST DISTRIBUTION

Carbonate bedrock underlies over 50% of Belize's land
area of approximately 23,000 km2, but not all of thisis exten-
sively karstified. In particular, Tertiary limestones, which
underlie the northern 35% of the country giveriseto karst only
locally, notably in the Rio Bravo area in the northwest of the
Orange Walk District and in the Yalbac Hills of the Cayo
District (see location map on page 68, and Miller’'sFigure 4 in
this issue).

Karst topography is more pronounced on the Cretaceous
limestones which flank the Maya Mountains. Karst covers
about 2,000 km2 in a belt that is located north and west of the
Maya Mountains and south of the Belize River Valley (Day,
1993b), and a similar area of karst is developed south of the
Maya Mountains, primarily in the Toledo District (see Miller's
Figure 4). In total, the karst area of Belize accrues to about
5,000 km2, or about 22% of the country’s land area (Day,
1993a).

PROTECTED AREAS LEGISLATION
Valuable general reviews of Belize's protected areas and

the legidation pertaining to them are provided by Munro
(1983), Zisman (1989), Zisman and Munro (1989), and
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Table 1. Conservation Areasin Belize
(numbers correspond to those on Figure 1)

National Parks
Chiquibul

Blue Hole

Five Blues Lake
Guanacaste
Sarstoon
Cockscomb Basin
Laughing Bird Caye

~NOoO o WNE

Forest Reserves

8 Vaca

9 Sibun

10 Manatee

11 Columbia River

12 Mountain Pine Ridge

13 Chiquibul

14 Machaca

15 MayaMountain

16 Deep River

17 Swasey Bladen

18 Grants Works A

19 Grants Works B

20 Silk Grass

21 Sittee River

22 Commerce Bight

23 Freshwater Creek

24 Mango Creek

25 Mango Creek 2

26 Mango Creek 3

27 Mango Creek 4
(Total Mango Creek Area)

Nature Reserves

28 Bladen

29 Aguas Turbias
30 Tapir Mountain
31 Hol Chan Marine

Wildlife Sanctuaries
32 Monkey Bay
33 Crooked Tree

Other Reserves

34 Rio Bravo

35 Bermudian Landing
36 Burdon Cana

37 Shipstern

National M onuments
38 Half Moon Caye

Special Development Areas
39 Cayo West

40 Manatee

41 Manatee West

42 Monkey River

43 Burrel Boom-Hattieville
44 Corozal East

Area (ha)
186,490
233

358

21

16,600
41,540

1

21,000
42,975
45,789
44,030
51,500
184,900
2,300
92,700
59,100
6,200
3,240
1,360
2,641
38,008
2,778
30,000

23,228

40,000
3,642
2,729
1,215

1,037
6,478

101,000
4,664

8,906

18

43,354
47,350
48,000
50,000
40,485
79,453

Karst
Mostly
All

All
Little
None
None
Reef

Mostly
Little
Mostly
Some
Little
Little
None
None
Some
Some
Some
Some
None
None
None
Little
None
None
None
None

Some
Mostly
All
Reef

Mostly
Little

Some
None
None
Little

Reef

Mostly
Mostly
Mostly
None
Little
Little

DAY

Nicolait (1995). Only legislation that is of particular relevance
to the conservation of karst areasis considered here.

In ageneral context, environmental conservation and ratio-
na natura resource utilization are promulgated under the
Environmental Protection Act of 1992. Although there are no
formal criteria governing the designation of protected areas in
Belize, certain elements are deemed important: “...richness in
biodiversity, populations of endangered species, importance to
watershed management, unusual or scenic features, presence
of Mayaruins and ancient monuments, and value for recreation
and ecotourism” (Nicolait, 1995).

One piece of important pre-independence (1981) legisla-
tion isthe Forest Ordinance, first enacted in 1926, then revised
in 1958 and 1980 (Zisman, 1989; Nicolait, 1995). The Forest
Ordinance provides for the establishment of forest reserves,
which are intended for forest production and watershed pro-
tection, and for the licensing and regulation of forestry activi-
ties (G.O.B., 1992). Severa of the 20 forest reserves include
karst landscapes, notably Vaca, Sibun, Manatee, and Columbia
River.

The National Parks Systems Act, enacted in 1981 and
entered into force in January 1982, provides the legal basis for
the creation of national parks, nature reserves, wildlife sanctu-
aries and natura monuments (Nicolait, 1995). The Chief
Forest Officer is responsible for administration of the National
Parks System, and ultimate authority for the designation of
protected areas under this act is currently lodged with the
Minister of Natural Resources, athough this is subject to
change by Prime Ministerial fiat (Nicolait, 1995).
Significantly, the existing language of the National Park
SystemsAct (Part 11, 3-2) “...empowers the Minister to alter or
vary any protected area established under the act or to declare
it to cease to be a protected area” (Nicolait, 1995).

Under the National Parks Systems Act, national parks are
established for protection and conservation of natural
resources and scenic areas for the good of the public (GOB,
1993a). Although these lands cannot be sold or leased for agri-
cultural or industrial use, logging, energy exploration, and
tourism developments may be alowed by permit or conces-
sion. Thisalso appliesto natural monuments, areas conserving
significant natural features of particular value for research,
education, and public appreciation (GOB, 1993a). Significant
karst is developed within several of the seven national parks,
notably Chiquibul, Blue Hole and Five Blues Lake (Figure 1;
Table 1).

Nature reserves provide for the protection of biological
resources and to maintain undisturbed habitats and ecosystems
for scientific study and provision of genetic banks (GOB,
1993a). By contrast, wildlife sanctuaries are conservation
areas devoted to more specific biotic goals requiring greater
human manipulation (GOB, 1993a). The Wildlife Protection
Act of 1981 specifically regulates faunal protection. Nature
reserves and wildlife sanctuaries with significant karst terrain
include Bladen, Aguas Turbias, and Tapir Mountain (Figure 1;
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Table 1).

Archaeological reserves are established to protect ancient
and historical sites for scientific study, education and recre-
ation (Nicolait, 1995). Nominal protection of such sitesispro-
vided by the Ancient Monuments and Antiquities Ordinance of
1971. Since al caves are potential or actual archeological
sites, access to them is restricted and exploration or excavation
requires permission from the Commissioner of Archaeology.
Specific archaeological reserves in karst terrain include the
Maya sites at Caracol, Xunantunich, Cahal Pech, and El Pilar.

Under the auspices of the Land Utilization Act of 1991,
Specia Development Areas (SDAS) are zoned for land use on
the basis of the following: 1) protection of the environment,
forestry, and recreational land, 2) avoidance of unsuitable and
unfeasible development on marginal or poorly-accessed land,
3) identification and protection of viable agricultural land, 4)
accommaodation of rural residential use, and 5) necessary urban
expansion (GOB, 1993b). Three SDAs have received ministe-
rial approval and three others have been approved locally and
are under consideration by the Land Utilization Authority.
Those with significant karstic components are Manatee,
Manatee West, and Cayo West (Figure 1; Table 1).

In general then, Belize possesses a sound legidlative base
for the designation and conservation of protected areas, and
has to date established 44 such areas (Table 1), although not all
of these encompass karst landscapes. Problems remain in that
protected areas can be dereserved by ministerial decision, no
single ministry is responsible for protected areas creation or
maintenance, and human and financial resources are inade-
quate for planning, management, and enforcement of regula-
tions (Day, 1987; Nicolait, 1995).

CONSERVATION OF KARST

Conservation of karst in Belize has been effected largely by
indirect means. Very few karst areas or sites are protected pri-
marily because they are recognized for their scientific impor-
tance, and in many cases it is unclear whether protected lime-
stone tracts are even recognized as being karst landscapes. The
coincidence between protected areas and karst terrain is large-
ly opportune, although it reflects the areal extent and the rela
tive inaccessibility of the karst landscapes and their signifi-
cancein other contexts. Although protected areaslegidation is
in place, de facto enforcement of regulations is hampered by
lack of human and financia resources.

In particular, karst in Belize is afforded protection because
of itsimportance as forest and wildlife reserves, because of its
archaeological significance, because of its potential value in
ecotourism, and because of its inherent unsuitability for
large-scale mechanized agriculture. This notwithstanding,
some 15% of Belizean karst is currently under agriculture
(Day, 1993a) and many of the karst areas are coming under
increased resource pressures, especialy clearance for citrus
cultivation and small-scale mixed farming (Day, 1993b).
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These pressures are particularly acute in the Boundary Fault
Karst Area and the Yabac Hills (see Miller's Figure 4, this
issue).

Much of the Belizean karst is conserved because of its for-
est resources. Approximately 66% of Belize has some
broadleaf tree cover, and at |east 33% of that is on steep slopes
which require protection (GOB, 1993b). Belizeisaparticipant
in the United Nations Tropical Forest Action Plan (TFAP), and
in May 1992 began a $14 million Forest Planning and
Management Project which is designed “...to provide for the
identification and rational allocation of land for forest, agricul-
ture and other uses; and to ensure the national forest estate will
be managed on a sustainable basis and provide an adequate
return on investment” (GOB, 1993b, p.13). Under the auspices
of TFAP, a project funded by the United States Agency for
International Devel opment, the Natural Resource Management
and Protection Project aims to identify critical habitat areas
requiring protection. Forested karst areas under particular
pressure include those in the forest reserves of the Cayo and
Toledo districts (Figure 1).

Karst areas are also conserved in order to ensure safe drink-
ing water supplies under the government’s Rural Water Supply
and Sanitation Programme. In small dispersed communities,
handpump wells are installed at an overall ratio of 1 per 10
families (GOB, 1993b). In larger and more cohesive settle-
ments, electric pumps recharge elevated holding tanks from
which water is distributed by gravity feed (G.O.B., 1993b).
Contamination of karst aquifersis an increasing problem as a
result of increased agriculture in the Cayo and Orange Walk
Districts (Figure 1).

Increasingly, karst areas are protected because they corre-
spond with important floral and faunal reservoirs and have a
roleto play in maintaining biodiversity. Wildlands and wildlife
conservation also have an important economic component in
the form of ecotourism. Along similar lines, pre-European
Maya archaeological sites are an increasing focus of visitor
activity, and these sites are “...almost exclusively in limestone
areas’ (Hartshorn et a., 1984, p.21). Despite the nominal pro-
tection accorded by law, looting of archeological sites, includ-
ing caves, remains a serious problem (Hartshorn et al., 1984),
particularly in the sparsely populated forest reserves of the
Cayo and Toledo districts (Figure 1).

One traditionally important factor in karst and other land
conservation in Belize is the low population density, which at
about 8 persons per square kilometer is the lowest in the karst-
lands of Central America and the Caribbean (Day, 1993a).
Contributory factors include the concentration of population in
urban centersin non-karst regions, and the ruggedness and rel-
ative inaccessibility of many karst locales.

Including both public and private land reserves, the total
area of karst landscape in Belize which is afforded at least
some degree of protection is approximately 3,400 km2, or
about 68% of the total karst extent. Incorporating karst terrain
within designated Special Development Areas, the protected



karst area rises to about 4,300 km2, or 86% of the total karst
region. Even theformer, more conservative percentage of karst
terrain under at least some measure of conservation is unparal-
leled in Central America and the Caribbean, and perhaps
throughout the world.

ProOTECTED KARST AREAS

The following is a summary of the protected areas that
encompass significant karst landscapes in terms of extent, sci-
entific interest and accessibility. Other, smaller karst areas are
also protected but are not considered in detail here.

The largest area of protected karst in Belize is in the
Chiquibul National Park, designated in 1991, which covers
186,490 ha (1,865 km2) in the western Cayo District (Figure
1). Formerly part of the Chiquibul Forest Reserve, the park
surrounds the important Caracol Archaeological Reserve, and
also incorporates parts of the extensive Chiquibul Cave
System, the total surveyed length of which exceeds 55 km
(Miller, 1990). Development pressures here are minor, but
archaeological looting is a serious problem.

The Rio Bravo Conservation and Management Areain the
Orange Walk District (Figure 1) encompasses approximately
101,000 ha (1,010 km?) of private and public land (Zisman,
1989; Nicolait, 1991; GOB, 1992; anon, 1994). It is managed
by the Programme for Belize, a non-governmental organiza-
tion established in 1988 and whose overall goal is “...to pro-
mote the conservation of the natural heritage of Belize and to
promote wise use of its natural resources’ (anon, 1994:19).
The main threats to karst in the northern districts are agricul-
tural development and water contamination.

The Vaca Forest Reserve, designated in 1991, covers
21,000 ha (210 km?) in the Cayo Digtrict, adjoining the
Chiquibul National Park and the Cayo West Special
Development Area (Figure 1). The reserve contains extensive
fluviokarst and significant evidence of Maya occupation (Alt,
1994; Reeder, 1993). Small areas of karst, which include the
Rio Frio caves, occur in the adjacent Mountain Pine Ridge
Forest Reserve.

The Bladen Nature Reserve, created in 1991, covers some
40,000 ha (400 km?) on the southern fringes of the Maya
Mountains in the Toledo District (Figure 1). The karst in the
southern part of the Reserveis rugged and little-explored, con-
taining at least one Maya site, named Quebrada del Oro
(Nicolait, 1991). The Columbia River Forest Reserve, also in
the Toledo District (Figure 1), covers some 44,030 ha (440
km2), part of which is karst, around the upper reaches of the
Rio Grande (Zisman, 1989). Within the Forest Reserve, a
2,340 ha (23 km2) nature reserve within the karst was gazetted
in 1968 but abandoned in 1978 (Zisman, 1989). Karst in the
southern districts is subject to logging and agricultural expan-
sion pressures.

Two small but significant karst areas protected in the east-
ern Cayo District are the Blue Hole and Five Blues Lake
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national parks in the Boundary Fault Karst Area (Figure 1).
The Blue Hole itself is a karst window, and has been a site of
scientific and tourist attention at least since completion of the
Hummingbird Highway in 1954 (Day, 1987; 1992). The Blue
Hole National Park, established in 1986 and managed by the
Belize Audubon Society (BAS), covers 233 ha (2.3 km?2) and
also incorporates St. Herman's, Petroglyph, and Mountain
Cow caves (Zisman, 1989), recelving some 6,000 visitors
annually (BAS, 1993). Five Blues Lake National Park was
established in 1991 and covers 358 ha (3.6 km?2) centered on
the 3 ha (0.03 km2) sinkhole lake after which the park is
named. Additional karst is conserved within the adjacent
42,967 ha (430 km2) Sibun Forest Reserve (Figure 1). The
karst aong the Hummingbird Highway have come under
increasing pressure in recent years from a combination of agri-
cultural and population growth, mining, and recreation (Day,
1987, 1993b).

Tapir Mountain Nature Reserve, known until 1994 as
Saociety Hall Nature Preserve, was established in 1986 and cov-
ers 2,729 ha (27 km?) of little-known karst north of the
Mountain Pine Ridge between Barton Creek and Roaring
Creek in the Cayo District (Figure 1). The Reserveis managed
by the Belize Audubon Society. The Monkey Bay Wildlife
Sanctuary, straddling the Sibun River in the western Belize
District, was established in 1991 and covers 1,037 ha (10 km2),
including cockpit and tower karst with severa caves, adjacent
to the 45,789 ha (458 km2) Manatee Forest Reserve (Figure 1),
which aso contains extensive karst. The Aguas Turbias Nature
Reserve, of which a portion is karstic, covers 3,642 ha (3.6
km2) in the northwestern corner of the Orange Walk District
bordering both Mexico and Guatemala (Figure 1).

The Manatee Specia Development Area extends over
47,350 ha (474 km2) in the coastal Belize District south of the
Sibun River (Figure 1), where it encompasses the cockpit and
tower karst in the eastern extent of the Sibun-Manatee Karst
Area. The Cayo West Specia Development Area covers
43,354 ha (434 km2) in the western Cayo District (Figure 1),
incorporating subdued karst terrain in the upper Belize River
Valley and more dramatic karst abutting the Vaca Forest
Preserve.

CONCLUSION

As karst landscapes in Belize come under increasing
human pressure, it seems appropriate to enact conservation
measures to protect the karst environment, particularly the
forests, wildlife, soils, water, and archeological resources, all
of which have scientific, aesthetic, and economic significance.
Belize has a sound legislative base for establishment of a vari-
ety of protected areas, and has afforded at least some measure
of protection to over 30% of its land area. Within this, some
68% of the karst landscape has received some degree of pro-
tection, a figure far surpassing that of any other country in the
region. Much of the karst is not widely recognized as such,
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and is conserved indirectly because of its overall environmen-
tal value. Its future conservation is not assured, but dynamic
protection of its attendant forest, wildlife and archeological
resources is encouraging.
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the most likely explanation for a freshwater lagoon.....Peat began to fill
the...lagoon some time before 500BP, probably the result of shallower
water levels from decreasing runoff resulting from reforestation after
abandonment by the Maya.”

Knutson, S. (1983). The Cave, Belize. NSSNews 41(10I1): 261. Brief write up
in annual caving accident analysis journal about the near fatal flooding of
acave in Toledo district while being explored by McNatt and Miller.

Lloret, J. & Ubach, M. (1993). Els Cenotes del Yucatan. Endins 19: 29-36.
Federacio Balear d' Espeleologia, Mallorca. The authors visited Belize as
part of atour of the Yucatan Peninsulain 1989 and visited Caves Branch
and Rio Frio. The paper describes the formation of a variety of types of
cenote in the region. In Spanish.

Luiszer, F. (1985). Caving in Belize. Rocky Mountain Caving 2(2): 12-13.
Luiszer visited St. Herman's while on holiday in Belize. The article
includes alocation map for the cave.

MacDonald, R.C. (1975). Observations on Hillslope Erosion in Tower Karst
Topography of Belize. Geological Society of America Bulletin 86: 255-
256. Describes the geomorphology of the development of limestone tow-
ersin Belize and proposes a mechanism.

MacLeod. B. & Reents-Budet, D. (1995). Petroglyph Cave, Belize: An
Ancient Ritual Site. NSSBulletin 57(1): 58. Abstract of talk prepared for
the 1994 NSS Convention (Brackettville, Texas) describing archaeologi-
cal investigations at Petroglyph.

Marochov, N. & Williams, N. (1992). Below Belize. QMC Speleological
Expedition/Wessex Cave Cllub. 58pp. Report of the 1988 Queen Mary
College and the 1989 British (Anglo-Canadian) expeditions, includes
introduction to the country plus commentary on Caves Branch, Gracy
Rock, White Ridge, Indian Creek, Barton Creek and Roaring Creek areas
as well as Caves and the Maya and references. 8 pages of colour pho-
tographs plus (A3) surveys of Actun Zotziha and White Ridge/Darby Pat
system. 20 monochrome photos. Other surveys include all caves mapped
by the two expeditions (Mountain Cow, Carapace Cave, Cedar Bank
Cave, Cracy Rock Hill Cave, Gibnut Cave, Gracy Point Rift Cave,
Manatee River Cave, Number three and Number Four caves, Gothic
Caverns, Five Blues River Cave, Holes In Six Chamber (Actun Tunichil
Muknal), Actun Tan U Wiyl, Actun Boc Ch'ii’ch, Actun Ya ax Kan,
Sunken Forest Cave. )

Marochov, N. & Williams, N. (1989). Queen Mary College Speleological
Expedition to Belize 1988. Caves and Caving 43: 8-11. Concise descrip-
tion of the work done by the 1988 QM C Expedition with many maps and
photo’s. Describes work in White Ridge (Darby Pat/White Ridge systems
(incl. half page survey), Mines of Moria, Barton Creek (Actun Zotziha,
the Hole in Six), and at Gracy Rock (Gibnut Cave).

Matolg, S. (1991). Columbia River Forest Reserve Expedition. Unpublished
manuscript, 50pp. Report of abiological expedition to the region south of
the Little Quartz Ridge which explored a number of cavesin thelow hills
northeast of San Jose. Concentrates on the archaeological artifactsin the
caves rather than any surveys or cave descriptions.

Matthews, R.C. (1991). Blue Hole: A Cavern Beneath the Sea. Texas Caver
36(5): 96-97,111. Account of a visit to the Blue Hole at Lighthouse Reef
as part of adiving holiday. Includes notes on the local wildlife and a brief
description of the formation of the Hole.

McKenzie, I. (1991). Caves Branch. Canadian Caver 23(1):41. Brief descrip-
tion of the Caves Branch River cave float through.

McNatt, L. (1993). Personal Comunication with Nick Williams. 3pp. Letter
describing McNatt's reasons for leaving Belize. Describes the develop-
ment of tourist caving trips at Caves Branch.
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McNatt, L. (1991). Personal Communication with Nick Williams. 1pp. Letter
regarding draft of Below Belize report. Includes information regarding
dedication of Five Blues |ake as a nature reserve.

McNatt, L. (1986). Personal Communication with Nick Williams. 4pp. Letter
following initial enquiry regarding 1988 QM C Expedition. Includeslogis-
tical information and mentions caves in Toledo (Blue Creek, Ochochpec
and Rio Grande) and around Augustine (Rio Frio).

McNatt, L. (1982). Grim Fairy Tales; Tom, Logan and the Cave. 10pp.
McNatt, Austin, Texas. Spoof children’s story about the near fatal flood-
ing of a cave in the Toledo District during exploration by McNatt and
Miller.

McNatt, L. & Miller, T. (1986). Speleoarchaeologica Investigationsin Belize.
Proceedings 9th International Congress of Speleology. Barcelona August
1986: 197-199. Describes the relationship between the ancient Maya and
the caves, including notes on the use for ceremonia purposes, the artifacts
and the methods of access. Includes references.

Middleton, J. & Watham, T. (1986). The Underground Atlas. Robert Hale,
London. 239pp. (p43). Short summary of caves and caving in Belize. No
references.

Miller, T. (1995). Hokeb Ha, Belize. Exploration and Research with the Jason
Foundation Expedition. NSS Bulletin 57(1): 68. Abstract of research
undertaken by Miller during his involvement in the Jason Project which
broadcast live television by satellite from Blue Creek Cave in 1994. In
addition to providing educational material to school age children, Miller
also managed to perform water analysis and flow measurements.

Miller, T. (1994). Personal Communication with Nick Williams. 3pp. Letter
describing Miller’sinvolvement in the Jason Project, including an A4 map
of Blue Creek cave. Also mentions further discoveriesin Petroglyph.

Miller, T.E. (1993). Personal Communication with Pete Hollings. 4pp. Letter
regarding the 1994 MCG expedition’s objectives. Includes useful summa-
ry map of work done to date in Belize.

Miller, T. (1991). Cave Exploration in Belize: A Historica Overview the
Chiquibul Exploration. NSS Bulletin 53(1); 30. Abstract of talk at 1988
NSS Convention: essentially contained same information as article in
Caves and Caving 49.

Miller, T. (1991). Cave Passage Development in Belize. NSS Bulletin 53(1):
19. Abstract of atak at the 1988 NSS Convention. Interpretation of the
speleogenesis of the caves systems in the Maya Mountains.

Miller, T. (1991). It's Not Easy Being Green Howards. Canadian Caver 23(1):
19-30,41. Account of explorations in the Indian Creek area. Surveys of
Vampyre, The Lost World, Shortcut Caves (lan’s Really Big Cave, Swamp
Drain, 3rd Cliff Foot Cave) Green Howards Cave, Bellhole Cave, Maya
Well, plus mentions Darknight (incl. new passage discovery) and
Daylight. Photo of Vampyre entrance.

Miller, T. (1991). Mayan Cave Exploration in Belize. NSS Bulletin 53(1): 32.
Abstract of talk given at 1988 NSS Convention. An assessment of the cav-
ing activities of the ancient Maya.

Miller, T. (1991). Soil and Rock Analysis from Cockpits: Implied Fluvial
Development. NSS Bulletin 53(1): 19. Abstract of atalk at the 1988 NSS
Congress. Soils in limestone areas are similar to non limestone aress.

Miller, T. (1990). Caves and Caving in Belize, An Overview. Caves and
Caving 49: 2-4. Chronology of modern exploration in Belize. Includes
names of many American workers and includes list of long and deep sys-
tems, references, map and survey (5"x7”) of Chiquibul.

Miller, T. (1990). Tunichil Muknal. NSS News 48(2): 32-40, cover. Basically
the same as the article in Caves and Caving 46 with additions. Includes
double spread survey of Tunichil Muknal and half page survey of Yax Teel
Ahau plus comments regarding the 1989 Anglo Canadian Expedition and
details of the exploration of Box Ch’iich’ (“Chicken box™).

Miller, T. (1989). Belize from Atlas of the Great Caves of the World (Courbon,
Chabert, Bosted & Linddey [eds]). Cave Books, St. Louis, MO: 44-45.
Brief description and chronology of exploration and caves. Includes lists
of longest and deepest, plus survey of Chiquibul system. No references.

Miller, T. (1989). Chiquibul 88. NSS News 47(3): 61-66. Virtually identical
article to DC Speleograph 44(11). Half page map of Chiquibul system.
Photos.
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Miller, T. (1989). The Lost Passage of Petroglyph Cave. Canadian Caver
21(2): 47-48. A description of Petroglyph and an account of its explo-
ration, including the re-discovery in 1988 of a large section of river pas-
sage “midlaid” since 1977.

Miller, T. (1989). Tunichil Muknal. Caves and Caving 46: 2-7. Description of
the exploration of Actun Tunichil Muknal in 1986 by Miller and ateam of
mostly American cavers. Full page survey and photos.

Miller, T. (21989). Tunichil Muknal. Canadian Caver 21(2): 3-8. Essentially the
same article as appeared in Caves and Caving 46. Includes comments
about the 1989 Anglo Canadian Expedition and two full page surveys.

Miller, T. (1989). Chiquibul 1988. CIG Newsletter XXXII1(1): 3-7. Virtually
identical article to DC Speleograph 44(11). Half page map of Chiquibul
system.

Miller, T. (1989). Letters: Belize Expedition-Let’s Put the Record Straight.
Caves and Caving 44: 12. Letter pointing out that the exploration done by
QMC 1988 Expedition was often following discoveries by earlier
American cavers. In particular, Hole in Six is same as Actun Tunichil
Muknal.

Miller, T. (1988). Belize. DC Speleograph 44(11): 5-10. Account of the 1988
expedition which attempted to connect Cebada with Tun Kul. The expe-
dition was dogged by injury and equipment failure and failed in its objec-
tive. It did, however, find significant new passage, some of it spectacu-
larly decorated.

Miller, T. (1988). Surface and Cavern Development in Belize. Geo? 15(1/3);
31. Very brief abstract of paper on karst development.

Miller, T. (1987). News and Notes. NSS News 45(11): 372. Brief article in
international news summary notes that Tom Miller and Linda Gough sur-
veyed 4km of cave in the Indian Creek area [K'op Kimen Cab] and
extended Actun Chek. An attempt to connect St. Herman's and Petroglyph
via the sump was aborted due to regulator failure.

Miller, T. (1986). Karst Hydrology and Geomorphology of Belize.
Proceedings 9th International Congress of Speleology. Barcelona August
1986: 23-24. Divides the country into five sub-areas of karst and describes
the surface features of these areas as well as the cavern development.
Includes figures for carbonate solutions concentrations and references.

Miller, T. (1986). Karst of the Caves Branch, Belize. Proceedings Sth
International Congress of Speleology. Barcelona August 1986: 25-26.
Diagrams of “idealized hydrology”, hardness vs. rainfall and water hard-
ness accompany a brief description of the processes of formation of the
Caves Branch caves.

Miller, T. (1986). the 1984 Chiquibul Expedition. Proceedings Sth
International Congress of Speleology. Barcelona August 1986: 271-272.
Brief description of the work of the 1984 Expedition, including 4" x 3"
map of Belize chamber and 5" x 6” survey of Actun Tunkul and Actun
Kabal.

Miller, T. (1986). Belize Caving Clarified. NSS News 44(2): 32. Letter by
Miller regarding Dougherty’s article in NSS News 43(11). Notes that both
caves explored by Dougherty had been previously explored and require-
ments for obtaining permission to cave in Belize.

Miller, T. (1986). Chiquibul 1986. Canadian Caver 18(2): 38-40. Description
of the exploration of Cebada Cave, including the resurgence in
Guatemala. Includes full page map of 50+ km Chiquibul system.

Miller, T. (1986). The 1986 Chiquibul Expedition. NSS News 44(8). Note of
the achievements of the 1986 National Geographic funded expedition
which mapped 27km of the Chiquibul system over the border into
Guatemala. Includes list of participants.

Miller, T. (1984). Chiquibul Expedition 1984. Canadian Caver 16(2): 40-43.
Chronological account of the exploration of the 1984 National
Geographic funded expedition. Discoveries included Chiquibul Chamber,
Tapir-off Cave, various serially named small caves and link passages,
Belize Chamber (in Actun Tun Kul), Ch’en Nohoch and other parts of the
Chiquibul. The expedition was in two phases (April and May). Article
includes lists of participants and drawing of Belize Chamber superim-
posed on Carlsbad’s Big Room.

Miller, T. (1984). Chiquilbul Expedition Completes Field Work. NSS News
42(8): 271. Brief note on the 1984 National Geographic funded
Expedition which discovered 23km of passage, including Belize and
Chiquibul chambers.
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Miller, T. (1984). News from Belize. Association for Mexican Cave Sudies
Newsletter 14:44. Brief note on the 1984 National Geographic funded
Expedition which discovered 23km of passage, including Belize and
Chiquibul chambers.

Miller, T. (1981). Houses of Stone-Caving in Belize. Caving International
Magazine 11: 16-24. Essentially a write up on the December 1979
Expedition to Caves Branch and Toledo District similar to Canadian
Caver 12(2), but includes more detail about Actun Lubul Ha including a
survey (18"x5”) aswell as photos and surveys (4”x6") of Blue Creek Cave
and Ochochpec.

Miller, T. (1981). Hydrochemistry, Hydrology and Morphology of the Caves
Branch Karst, Belize. 280pp. Thesis for PhD, McMaster University.
Miller thoroughly investigated the Caves Branch area, and explored over
40km of passage. He makes observations on the hydrology, geology, mor-
phology and formation of the caves, and includes surveys (at A4) of
Candlestick Cave, Actun Chanonan, Mountain Cow Cave, parts of Caves
Branch River Cave, Actun Lubul Ha, Actun Chek, Thunder Road,
Ochochpec, Blue Creek Cave.

Miller, T. (1980). Thunder Road. Canadian Caver 12(2): 6-8. Thunder Road is
a 300m side conduit to the main Caves Branch River Cave. The article
describes how Miller pushed it solo, free-diving several short sumps.
Includes a survey (4"x 6").

Miller, T. (1979). Darknight, Belize. Canadian Caver 11(2): 14-17.
Description of avisit to Darknight Cave on Indian Creek. Includes survey
and photo.

Miller, T.E. (1977). Karst of the Caves Branch, Belize. Proceedings Sth
International Congress of Speleology. Sheffield, September 1977: 314.
Describes the topography of the Caves Branch area, and notes a relation-
ship between flow rates and carbonate solution concentration.

Miller, T. (no date). The Karst Devel opment and Associated Archaeol ogy of the
Chiquibul, Belize. Unpublished report 40pp. At the end of two months
field study, 23km of underground passage had been explored, along with
the discovery of a large number of significant artifacts. Geological and
hydrological investigations were also undertaken. Report includes details
of itinerary, discoveries, finances.

Miller, T. et al. (1980). Un-BELIZE-able Caving. Canadian Caver 12(1): 40-
56. A group of seven cavers, mostly from McMaster University, visited
Belize in late 1979. Exploration included Petroglyph, Actun Lubul Ha, a
visit to Cay Caulker (mentions underwater caverns) and a day spent
prospecting unsuccessfully. The team spent a considerable time in the
Toledo district where work included extensive exploration of Blue Creek
and Ochochpec. Article includes photos and 4”x6” surveys of Blue Creek
and Ochochpec.

Mothes, P. (1985). Caving in the Chiquibol. Texas Caver 30(2): 40-41, cove.
Description of Mothes' participation in the 1984 National Geographic
funded Expedition, includes notes on the methods and logistics of explo-
ration and the discovery of a new species of blind freshwater crab.
Concentrates on the exploration of Actun Tun Kul.

Muchmore, W.B. (1973). New and Little Known Pseudoscorpions, Mainly
from Cavesin Mexico. Association Mexican Cave Studies Bulletin 5: 47-
59. Taxonomic article on a new species of pseudoscorpoin (Vachonium
belizense) found in Mountain Cow.

Muchmore, W.B. (1973). The Pseudoscorpion Genus Mexobisium in Middle
America Association Mexican Cave Sudies Bulletin 5: 63-71. Taxonomic
article on a new species of pseudoscorpion (Mexobisium goodnighti)
found in cave near Augustine.

Munro, D.M. & Gray, D. (eds) (1991). Aspects of Urban and Rural Develop-
ment in Belize. Edinburgh Department of Geography. Occasional
Publication 13: 59-60. Report of the 1988 Edinburgh expedition which
includes an assessment of the potential for tourism development in the
Cayo District—mentions St. Herman's Cave/ Blue Hole as well as Rio
Frio.



Musgrave, R. (ed) (1993). Blue Creek Cave. The Belize Expedition
Curriculum, Jason Foundation for Education: 57-60,149-154, 179. The
Jason Project’s 1994 session included live-by-satellite broadcasts from
Blue Creek Cave with Tom Miller presiding. This is the educational
source material for teachers, which only includes information of a very
general “thisis how caves are formed” nature, but does include a survey
of the cave.

Neal, M.K. (1990). Tufa Dams in the Humid Tropics, A Case Sudy on Little
Baron Creek, Cayo District, Belize. 141pp. Thesisfor PhD, University of
Wisconsin-Milwaukee. “... Tufais widespread in humid tropical karst, but
it has not been studied in detail. 29 tufa dams have formed along a 1.4km
section of Little Barton Creek. This study has focussed on the morpholo-
gy of the dams... Human activity has influenced dam development.”

Peck, S.B. (1973). A Review of the Cavernicolous Cetopinae (coleortera; leio-
didae) of Mexico, Belize. Association Mexican Cave Sudies Bulletin 5:
97-106. Review of taxonomy of troglobitic beetles found in Belize.

Pendergast, D.M. (1974). Excavations at Actun Polbilche, Belize. Royal
Ontario Museum of Art and Archaeology Monograph 1. 103 pp. Detailed
description of the location, excavation and artifacts found in the cave
which is located south of Churchyard in Cayo District. Includes maps,
drawings and photographs of caves and artifacts.

Pendergast, D.M. (1971). Excavations at Eduardo Quiroz Cave, British
Honduras (Belize). Royal Ontario Museum of Art and Archaeology
Occasional paper 21. 123pp Account of the excavation of Eduardo Quiroz
Cave (Central Vaca Plateau) which contained artifacts, human and animal
remains. Includes maps, drawings and photographs of caves and remains.

Pendergast, D.M. (1970). A.H. Anderson’s Excavations at Rio Frio Cave E.,
British Honduras (Belize). Royal Ontario Museum of Art and
Archaeology Occasional paper 20. 59pp. Posthumous publication of work
done by former Archaeological Commissioner in Belize at Rio Frio Caves
(Northern Vaca Plateau). Includes location map, diagrams and pho-
tographs of cave and artifacts.

Pendergast, D.M. (1969). The Prehistory of Actun Balam, British Honduras.
Royal Ontario Museum of Art and Archaeology Occasional paper 16: 70.
Description of an archaeological investigation in a cave in the Chiquibul
area (13km southeast of Caracol). Description and drawings of cave and
artifacts discovered (including polychrome vase.)

Ralph, R. (1985). Outings Report, Caves Branch River, Belize C.A. Texas
River Recreation Association Newsletter: 3-5. Description of a canoe trip
through the Caves Branch River Cave.

Reddell, JR. (1981). A Review of the Cavernicole Fauna of Mexico,
Guatemala and Belize. Bulletin of the Texas Menorial Museum.
University of Texasat Austin. 327pp. Reddell attempts “to provide abroad
overview of the cavernicole fauna ...and to provide the specialist with a
checklist and bibliography as complete as possible of the cave adapted
...species from these three countries.” He summarizes a history of faunal
study for each country and describe briefly the geomorphology of the
areas under study. A comprehensive and systematic study.

Reddell, J. (no date). A Checklist of the Cave Fauna of the Caves Branch,
Cayo, Belize. Unpublished manuscript 8pp. An inventory of the fauna of
the Caves Branch caves, listing mostly insects etc.

Reeder, P. (1993). Speleological and Geoarchaeological Investigations of the
Northern Vaca Plateau. Unpublished manuscript, 35pp. Further investiga-
tions of small caves in the northern Vaca Plateau area. The report includes
much interpretation to place the exploration within its archaeological con-
text. Surveys and descriptions of Pit Cave, Pots Cave, Outcrop Cave,
Hilltop Cave, Pottery Hill Cave, Vadose Crawl Cave, Bushman Cave,
Homesite Cave, Loose Ledge Cave, Reflection Cave, Big Mouth Cave,
Junior’s Pit Cave plus mention of Natural Bridge Cave and Macal Chasm.
Photos. No grid references.

Reeder, P. (1993). Cave Exploration and Mapping on the Northern Vaca
Plateau. NSS News 51(11): 296-300. Useful description of work under-
taken on expeditions in 1990 - 1993. Caves in the study area are unusual-
ly (for Belize) deep and many contain serious pitches (30m+). Also many
artifacts. Article includes descriptions of 15 caves, with surveys of
Junior’s Pit Cave , Reflection Cave and Pottery Hill Cave, plus 6 mono-
chrome photos.
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Reeder, P. (1992). Speleological and Geomorphic Investigations in the
Northern Vaca Plateau. Unpublished manuscript, 28pp. Report on the
1990 and 1991 Expeditions which discovered about 60 small caves on the
Vaca Plateau in the area around Spanish Waterhole and Caracol.
Investigations were thorough and systematic, and recorded with care.
Report includes a day-by-day account of the 1990 expedition with geo-
morphologica interpretation where appropriate, a brief summary of the
1991 trip plus proposals for work in 1992. Surveys of Pit Cave, Pots Cave,
Outcrop Cave. Photos No grid references.

Reeder, P. (1991). The 1990 and 1991 Speleological Expeditions to the
Northern Vaca Plateau, Belize. NSS Bulletin 53(2):122. Abstract of atalk
a the 1991 NSS Convention. Describes reconnaissance expeditions to
Spanish Waterhole area which have discovered about 50 caves.

Roberts, C. (1990). Observations of Maya Cave Archaeology in Belize. Cave
Science 17(3): 123-129. “The paper describes the archaeological observa-
tions of Mayan cave use recorded on the British Speleological Expedition
to Belize, Central Americain 1989. A background to the study of Belizean
archaeology is given with comments on the problems of looting from
archaeological sites including caves. A description of the caves by the
Mayaused is given and the evidence, particularly, of burial. The archaeo-
logical remainsidentified were predominantly pottery and human remains
with occasional more specialised artifacts. The report itself concentrates
on the human remains study and concludes with comments on the inte-
gration of specialist studies with the major aims of speleological expedi-
tions” Includes photos of artifacts.

Rowland, JM. & Reddell, JR. A Review of the Cavernicole Schizomide
(Arachnida) of Mexico, Guatemalaand Belize. Association Mexican Cave
Sudies Bulletin 6: 79-102. Article describing the distribution of a number
of species of troblobitic spider includes records from St. Herman’s Cave.

Rushin-Béll, C. (1991). Women in Caving. NSS News 49(1): 33. Article from
the 50th anniversay issue of the NSS News celebrating the involvement of
women in caving in Belize. Concentrates on the activities of Carol Jo
Rushin-Bell and Barbara MacL eod.

Rushin-Bell, C. (1982). The Living Caves of the Dead. Caving International
Magazine 14: 12-18. Description of Rushin-Bell’'s work in Belize with
Barbara MacLeod. Concentrates on the archaeological aspects of the
caves, in particular the artifacts and the prevention of looting. Also men-
tions a few wildlife problems! Photos but no surveys.

Sarbu, S. (1990). Personal Communication with Malcolm Foyle. 6pp. Notes
about the diving done by Sarbu in whilein Belize with Tom lIffe. Includes
diagrams of Giant Cave, Caye Chapel Cave and Columbus Caye Blue
Hole.

Shaeffer, B. (1985). Belize Adventure. Cave Cricket Gazette 10(3): 32-34.
Day by day account off Shaeffer’s involvement in Dougherty’s expedition
to the Rio Grande in 1985. Includes an account of the exploration of Tiger
Cave.

Schaeffer, B. & Cobb, A. (1991). The NSS Maya Caves Project, Belize CA.
NSSBulletin 53(1): 30. Abstract of presentation at 1988 NSS Convention.
Project to catalogue caves in the Toledo district. Exploration at Blue
Creek, Deep River, Rio Grande and Edwards Central.

Shear, W.A. (1973). Jarmilka Alba N. Gen. N. Sp (Diplopoda; Spirostreptida;
Cambalidae). Assocation Mexican Cave Studies Bulletin 5: 43-45.
Taxonomic article on new invertebrate species.

Sims, J. (1988). Caving. Unpublished report, 9pp. Guide to some popular
tourist trips in in the Caves Branch area for British Forces personnel.
Mentions Caves Branch River Cave, St. Herman's Mountain Cow, and
Petroglyph, with location information.

Sims, M. (1992). Below Belize. Descent 107: 32-33. Account of the 1991
Expedition to the Little Quartz Ridge. Describes the logistical details and
some exploration. Photos and survey of Actun Xibalda.

Smith, R. (1992). Caving in Belize. Unpublished report for British Forces
Belize 9pp. Basic guidelines for Forces cavers. Includes location infor-
mation for Mountain Cow, St. Herman’s, Petroglyph, and Caves Branch
River Cave. No maps or surveys.

Stone, A. (1995). Regional Variation in Maya Cave Art. NSSBulletin 57(1): 59.
Abstract of talk given at the 1994 NSS Convention (Brackettville, Texas)
describing Mayan cave art.
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Stone, A.J. (1995). Images from the Underworld. University of Texas Press.
284pp. Superbly detailed study of Maya cave paintings concentrates
mainly on Na Tunich in Guatemala, but also mentions several Belize
caves. Many plates and diagrams, including color.

Stratford, T. (1992). Below Belize (Review). International Caver 5: 39.
Review of Below Belize (report of the 1988 QM C Expedition and the 1989
Anglo Canadian Expedition).

Surveys (A4) of K’ Aizalah Obox, Boulder Cave, Bat Cave, Location map (A3)
plus surveys of 10 minor caves discovered on 1991 Little Quartz Ridge
Expedition. Published in reduced form in the expedition report.

Survey of Cavein Vaca Areafrom 1991 Little Quartz Ridge Expedition.

Surveys of Actun Zotziha and White Ridge/Darby Pat system (A2) plus 13
minor caves. Published in reduced format in Below Belize (1992).

Sweeting, M. (1968). Karstic Morphology of the Yucatan. Univerity
Edinburgh Expedition to British Honduras-Yucatan 1966. Furley PA.
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Szukalski, B. (1985). Bernie Szukalski in Belize. DC Speleograph June 1985:
8-9. Chronological account of Szukalski’s involvement in Dougherty’s
1985 expedition to the Rio Grande. I ncludes description of the exploration
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Szukalski, B. (1985). The Exploration of Tiger Cave, Belize. NSSBulletin 47:
63. Abstract describing lecture by Szukalski and Dougherty at NSS
Convention

Tremaine, J. (1992). Exercise Quartz Triangle. Combined Services Caving
Association. 18pp. Report of the military involvement in the 1991 Little
Quartz Ridge Expedition. A persona account of “tourist” caving in Caves
Branch area plus exploration of the Ridge. Includes 6 color photographs
and two maps. No surveys or references.

Truebe, H. (1986). A Caver's Introduction to Belize. NSS News 44(7): 274-
275. A genera introduction to the country which includes no information
about specific caves or caving aress.

Truebe. H. (1985). RMC Letters, Permission Needed for Belize Caves. Rocky
Mountain Caving 2(3): 7. Letter in response to Luizer’s article in Rocky
Mountain Caving 2(3) pointing out that permission must be sought from
the DOA before going caving in Belize.

Turner, R.T. (1991). Caves of the Rio Grande Basin, Belize, Central America.
NSSBulletin 53(1): 63. Abstract of atalk at 1990 NSS Convention. Notes
exploration of 35,000 feet of cave in Rio Grande since 1984, including
Tiger Cave and the recently discovered Jaguarundi Cave.

Unpublished Survey (approx 36x12 inches) held in Department of
Archaeology Library, Belmopan.

Unpublished Survey (A3) held in Department of Archaeology Library,
Belmopan.

Unpublished Survey (presumably by Tom Miller) held in Department of
Archaeology Library, Belmopan.

Unpublished Survey (on 5 approx. A3 sheets) held in Department of
Archaeology Library, Belmopan.

Veni, G. (1988). Personal Communication with Nick Williams, 29 July 1988
1pp. Letter describing the success (or lack of it) of the 1988 Chiquibul
expedition.

Veni, G. (1986). Concerning Cae Caulker Deaths. Underwater Speleology
13(5): 5-6. Letter describing the circumstances of the deaths of two open
water diversin Giant Cave, Caye Caulker, in 1986 gives the dimensions
of the cave as 670m x 550m.
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NEW SECOND DEEPEST CAVE IN THE WORLD

The Cavers Digest on the Internet carried a recent report that a
Polish  Expedition  connected  Vogelshacht  and
Lamprechtsofen, two caves in the Leoganger Steinberger area
of Austria. The connection moves the system, now 1535 m
deep, into the dot as second deepest explored cave in the
world.

THEME SESSION ON EVAPORITE
KARST IN OCTOBER

“Evaporite Karst: Origins, Processes, Landforms, Examples,
and Impacts’ will be the theme of a special oral session at the
upcoming national meeting of the Geological Society of
America. The meeting is to be held in Denver, Colorado, on
October 27-31, 1996. The session is co-sponsored by the
Hydrogeology and Engineering Geology Divisions of GSA.
Kenneth S. Johnson of the Oklahoma Geological Survey and
James T. Neal of Sandia National Laboratories will chair the
session. Abstracts were due on July 9th. The day and time of
this session will be Wednesday, October 30, 1996 at 1:30 pwm.

ANDERSON WINS AWARD
FOR KARST HYDROLOGY PAPER

Eric Anderson, NSS # 41495, of Hermitage, Tennessee has
won specia recognition at the regional science fair at
Vanderbilt University by the Association of Women
Geoscientists and by the American Meteorological Society.
His paper, “ Comparison of Physical & Chemical Discharge To
Determine the Relationship Of Two Springs at Woodlawn
Memorial Park, Nashville, Tennessee’, was also be presented
as a poster session at the 1996 NSS Convention in Salida,
Colorado. Anderson is a 10th grade student at Martin Luther
King Magnet High School for Science. Nashville Grotto
member and hydrologist, Geary Schindel, was his adult spon-
sor during the four month research project.

EXPLORATION EDITOR REPLACEMENT NEEDED

The Journal of Cave and Karst Sudies is looking for a new
Associate Editor of Exploration. The former Exploration
Editor of the NSS Bulletin, Louise Hose, has resigned to
become the Editor of the Journal. The responsibilities of the
Associate Editors are to solicit articles, arrange for appropriate
reviews for papers within their fields of expertise, work with
authors to prepare their manuscripts for publication, make rec-
ommendations concerning acceptance and rejection of submit-
ted papers, and assist the Editor in gathering materia for the
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non-refereed sections of the Journal.

The Journal seeksto strengthen its exploration department and
is looking for a pro-active caver with contacts in the explo-
ration community. Interested candidates are asked to send a
letter of interest and a curriculum vitae or resume by October
15, 1996 to:

Louise D. Hose

Environmental Studies Program
Westminster College

Fulton, MO 65251-1299

HOSE AND PISAROWICZ
APPROVED BY NSS BOARD

The National Speleological Society Board of Governors
approved the appointments of Louise D. Hose, PhD, asthe new
Editor of the Journal of Cave and Karst Sudies and James A.
Pisarowicz, PhD, as the Production Editor. Their appoint-
ments started with volume 58.

Both Hose and Pisarowicz have moved since they served asthe
Interim Editors of the first issue of volume 58. Their new
addresses appear on the masthead of thisissue. The Littleton,
Colorado address given for the Journal in the first issue will
continue to serve the Journal but will not be as timely as the
new address in Fulton, Missouri.

INTERNATIONAL SPELEO EVENTS
CALENDAR ON-LINE

The International Union of Speleology (UIS) has placed a
Calendar of International Speleo Events on its world-wide web
page according to Peter Matthews in a recent Cavers Digest.
Their intention is to keep the calendar more current than the
printed version in the UISBulletin. The addressiis:

http://rubens.its.unimel b.edu.au/~pgm/uis/events.html

Anybody or organization organizing a major caving, speleo-
logical or related event, or expedition may send details to the
calendar web editor, Roger Taylor, by using the on-line form
on the calendar web pages, or by mailing them to:

Mr. Roger Taylor

32 MedinaRd

Glen Waverley. Vic 3150
AUSTRALIA



AMERICAN ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE ANNUAL MEETING
AND SCIENCE EXPOSITION, BALTIMORE, MD
FEBRUARY 13, 1996
TRACK: ‘EXAMINING GLOBAL CHANGE’
SYMPOSIUM: “INTERACTIONS OF KARST
GEOLOGY AND ECOLOGY”

Symposia Abstracts

A CHEMOAUTOTROPHIC SUBTERRANEAN
ECOSYSTEM: BIOLOGICAL AND GEOLOGICAL
IMPLICATIONS
Serban M. Sarbu, University of Cincinnati, Cincinnati OH
45221-0006
Thomas C. Kane, University of Cincinnati, Cincinnati OH
45221-0006

An unusual groundwater ecosystem was recently discovered in
a thermal sulfidic cave in southeastern Romania. The numer-
ous species of invertebrates discovered in the cave, most of
them previously undescribed, livein an atmosphere that isvery
poor in oxygen and very rich in carbon dioxide. This ground-
water ecosystem is isolated from the surface and does not
receive alochthonous organic inputs of photosynthetic origin.
Characteristic of this ecosystem is that it contains bacteria that
produce organic matter using energy derived from the oxida-
tion of hydrogen sulfide present in the thermo-mineral waters
that flood the lower level of the cave. Microbial mats consist-
ing of fungi and chemoautotrophic bacteria occur on the walls
of the cave and are also found floating on the surface of the sul-
fidic water in the cave. This is the first known subterranean
ecosystem that is completely chemoautotrophically based. In
this regard it shares much in common with the deep sea vent
communities discovered in the 1970s. Paleogeographical and
molecular biological evidence support the hypothesis that
some of the species living in this ecosystem have been isolat-
ed from the surface for several million years. Recent geomi-
crobiological studies indicate that sulfur oxidizing microbes
inhabiting the cave affect limestone dissolution through the
production of sulfuric acid.

THE SOUTH CHINA KARST DEFORESTATION
ECOLOGICAL DISASTER
Peter W. Huntoon, University of Wyoming, Department of
Geology and Geophysics. Laramie. WY 82071

The south China karst belt has been profoundly and detrimen-
tally impacted by massive post-1958 deforestation. The sub-
tropical monsoon climate of south China endures an annual
flood-drought cycle. This cycle has been sufficiently exacer-
bated by the loss of the “green reservoir” that desertification
has occurred over large areas. A primary impact of deforesta-
tion has been lost retention of water in the uplands. Surface
runoff has become more flashy and stream discharge reces-
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sions brief. The consequence has been increased flood hazards
during the rainy season followed by parched conditions during
the dry season. Wildlife populations were decimated. Risks of
crop failures have risen. Two trends thwart recovery: (1) heavy
dependence of the local population on wood for fuel and (2) a
population explosion. Reforestation efforts are underway but
they are gradually losing to human encroachments.
Development of ground water offers a degree of mitigation.
However, the thin, shallow karst aquifers present have unusu-
aly great lateral hydraulic conductivities allowing for therapid
transmission of large volumes of water out of the region. They
aso are characterized by having minimal reservoir storage.
Remarkable ground water developments, driven by despera-
tion, are proceeding, but they are fraught with desperation
owing to the poor aquifer characteristics.

WATER CHEMISTRY ANALYSIS
OF ANCHIALINE CAVES
Jill Yager, Antioch College, Environmental and Life Science
Department, 795 Livermore Street
Yellow Springs, OH 45397
Robert Spokane, Y SI. Inc. 1725 Brannum Lane
Yellow Springs, OH 45387

Anchialine caves are water-filled caves which occur in coastal
karst. The submerged caves have surface openings inland and
subsurface connections with sea water. The porous limestone
allowsthe seawater to saturate the rock. This marine influence
typically exists as a hypoxic layer of sea water beneath a less
dense layer of brackish to fresh water. A distinct density inter-
face delineates not only the salinity but oxygen and tempera-
ture differences as well as changes in pH and oxidation-reduc-
tion potential (ORP). For example, Cueva de los Carboneros,
Cuba, oxygen readings of 0.14 mg/L and ORP of-263 mV
were found at a depth 17 m and at 60 m the oxygen was 2.09
mg/L and ORP was 65 mV. Some caves are characterized by
the presence of multiple layers, density interfaces. The biogeo-
chemical mechanisms responsible for distinctly defined layers
within the water column may be microbial activity, chemical
dissolution of the limestone or a combination of the two. Water
chemistry was evaluated using a portable sonde (Y S| 6000).
The data were correlated with fauna collections which consist
primarily of crustaceans. Comparisons of water chemistry
from several anchidine caves in the Bahamas, Cuba, and
Mexico are discussed.

THE ROLE OF KARST LANDSCAPE EVOLUTION
IN THE ORIGIN AND SPECIATION OF
HYPOGEAN FAUNA
George Veni, George Veni & Associates, 11304 Candle Park
San Antonio, Texas 78249-4421, USA

The hydrologic and geomorphic development of karst terrains
is closely tied to the origin and distribution of their hypogean
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or subsurface fauna. The timing of the initial exposure of
karstic rock and its development of caves and related voids
also marks the time when epigean species can begin to migrate
underground. Once species have evolved into troglobites,
weathering of the landscape begins to isolate populations and
promote speciation. Erosional removal of surrounding cav-
ernous rock is most effective at isolating species. Fault juxta-
position of karstic against nonkarstic rocks can have similar
effects. Terrestrial (nonaquatic) species can be isolated by
major stream valleys which may be floored with karstic rock
but intersect the water table As with initial karst development,
the dating of these geologic processes can aso provide timing
constraints on speciation episodes. The distribution of aquatic
hypogean species can be useful in delineating aquifer drainage
basins. Species common to multiple drainage basins may sug-
gest a hydrologic connection which may not be apparent from
the hydrologic data. Hydrologic and ecologic management of
karst areas can be enhanced by such geo-ecologic analyses,
and additional relationships arc being investigated which
promise to yield valuable information for both disciplines.

IMPORTANCE OF VERTEBRATE
REMAINS FROM CAVES
Rickard S. Toomey, I, lllinois State Museum RCC
1011 East Ash St. Springfield, IL 62703
TOOMEY @museum.state.il.us

Vertebrate remains from caves and karst features provide vital
information on past biodiversify, paleoecology, and the devel-
opment of the modern terrestrial ecosystem. Although most
vertebrate-bearing deposits in karst features are of Quaternary
age (<2 Maold), karst associated vertebrate localities from at
|east as early asthe Early Carboniferous are known. Additional
important karst related vertebrate sites occur in the Permian,
Triassic, and throughout the Tertiary.

Caves and other karst features are important sources of paleo-
ecological datafor several reasons. They frequently function as
sediment traps over long periods of time (100s to 1000s of
years), They also house a variety of vertebrates that provide a
constant source of bones from awide variety of animals. Often
bones preserve well in the protected environment provided by
karst features and are abundant enough to allow statistical
analyses. In addition, the deposits frequently can be dated
accurately and precisely.

Vertebrate remains from karst features provide data on paleoe-
cology. They illustrate past biodiversity. The presence of cer-
tain taxa provides information on such parameters as climate.
vegetation, soil conditions, and community structure of the
past. Caves are one of the most important sources of vertebrate
remains in the Quaternary. In the FAUNMAP database of US.
Quaternary mammal occurrences, approximately 12% of the
2,937 localities are caves. However, occurrences from cave
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sites represent about 20% of the total occurrences in the data-
base. Almost 80% of the taxa represented in database occur in
cave faunas and 15% occur only in faunas from caves.

EFFECTS OF ENTRANCES ON DISTRIBUTION AND
ABUNDANCE OF CAVE ORGANISM S
Kathleen LaVoie, Biology Department, University of
Michigan-Flint, Ml
Thomas Poulson, Department of Biological Sciences,
University of Illinois at Chicago, Chicago IL
Kurt Helf, Department of Biological Sciences, University of
Illinois at Chicago, Chicago IL

We operate under severa familiar paradigms, one being that
the cave environment is constant, except around entrances.
However, the environmental factors of primary concern to
biologists, temperature and humidity. are influenced by a vari-
ety of factorsincluding the Mean Annual Surface Temperature,
passage features including contour and slope, the volume of
the cave, seasonal surface changes, and entrances. Entrances
form essentially at random in caves, primarily related to inputs
of water, collapse of passages to the surface, and the random
intersection with vertical passages. (It has been estimated that
50-95% of limestone caves have no entrance.) The number,
size and position of entrances relative to cave passages has
tremendous influence on temperature and humidity. Cave
entrances also pose significant management issues, regardless
of the status of the entrances as natural, modified natural, or
artificial. Entrances are often places of great beauty with frag-
ile speleothems. Entrances are the access point to human use
of cave resources, sites of archaeological or historic signifi-
cance, and the exchange point for air and water. Nutrients enter
caves through entrances in the form of litter and organic mat-
ter input by troglophilic animals. Keystone species, which
dominate on the basis of size or numbers, such as cave crick-
ets, are particularly important in maintaining the food base of
cave communities. Other animals use entrances as refugia.

The Mammoth Cave System in Kentucky isthe longest cavein
the world with over 330 miles of mapped passage. It's signifi-
cance is recognized with aWorld Biosphere designation. With
23 current entrances (plus five closed historic entrances),
Mammoth Cave presents a significant management challenge.

I am reporting on some results from our on-going National
Park Service funded entrance biomonitoring project. The Park
Service isin the process of restoring several entrances, modi-
fied and artificial, to their origina air-flow status to reduce
winter impacts of cold, dry air. In theintervening decades since
most of the entrances were modified or opened, significant
biological communities have expanded, developed, or been
lost. In the first year of study, we are focusing on developing a
standardized method for biomonitoring and collecting baseline
data for selected entrances and control caves. We are studying



awide range of cave types, including those that are part of the
vast Mammoth Cave system. as well as isolated caves. The
more types of habitats we study, the better are our chances of
understanding what is really going on with the biology and
ecology. Theintention isto install air-lock entrances during the
second year of the study, with our biomonitoring continuing
for athird year to access the impact of the changes. The NPS
is collecting data on temperature and humidity at locations
inside and outside the caves.

We are concentrating on census of total populations by 10 m
transects with particular emphasis on the keystone cricket
species, Hadenoecus subterraneus, building on more than two
decades of observation. Our long-term data have documented
the impact of surface weather conditions on limiting foraging
by cave crickets, which reduces input of guano, causing
decreased abundance and diversity in the guano community.
Studies have shown that there are differences in the number
and composition of cricket populations in different caves. We
are considering whether we are dealing with a metapopulation,
where a loose assemblage of local populations is weakly
linked by immigration and emigration, or a source/sink situa-
tion controlled by habitat heterogeneity. Either model allows
cricket populations to spread the risk of local extinction, but
also support our efforts to maintain existing habitats. Our stud-
ies have alowed us to compare distributions of crickets by
age/size classes. We find smaller crickets located closer to
entrances for access to foraging. We have observed shifts in
distribution on seasonal and even a daily basis. We now recog-
nize that an important measure of habitat suitability is ceiling
height and texture, which provides small-scale refugia from
temperature and humidity extremes. We are conducting sea
sonal mark-recapture studies of cave crickets, which again
show us seasonal differences and fine-scale differences among
and within our study and control caves. Studies of foraging
behavior have developed from these observations. On-going
maodifications to gating plans include the addition of exit and
entry points for cave rats and crickets. All of our studies areto
be continued as we enter the third year of the study.

RECENT ISSUES OF CAVE AND KARST SCIENCE

The British Cave Research Association publishes a refereed
scientific journal called Cave and Karst Science: The
Transactions of the British Cave Research Association which
has a similar mission to the NSS's Journal of Cave and Karst
Sudies. They, also, have made recent changes in the publica-
tion, including its name.

The second issue of volume 22, dated October 1995, included
the journa’s first color photographs on both the cover and
accompanying a fine article on the explorations of the 1994
Yangtze Gorge Expedition to Sichuan Province, China which
filled the issue.

The final issue of volume 22 (number 3) included the follow-
ing articles:

The Relationship Between Surface Soils and Cave Sediments
in West-central USA

Morphology of Rimstone Pools at Pamukkale, Western Turkey
Some Thoughts on Hydrothermal Caves

The Crystallogenesis of Gypsum Flowers

The Pinnacle Karst of Gunnung Api, Mulu, Sarawak

Abstracts of papers presented at the BCRA Cave Science
Symposium, February 1996

NSS members may arrange to subscribe to Cave and Karst
Science through the NSS bookstore.
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GUIDE TO AUTHORS

The Journal of Cave and Karst Sudies is a multidiscipli-
nary journal devoted to cave and karst research. The Journal
seeks original, unpublished manuscripts concerning the scien-
tific study of caves or other karst features. Authors do not need
to be members of the National Speleological Society.

LANGUAGES: Manuscripts must be in English with an
abstract, conclusions, and references. An additional abstract in
another language may be accepted. Authors are encouraged to
write for our combined professional and amateur readership.

CoNTENT: Each paper will contain atitle with the authors
names and addresses, an abstract, and the text of the paper.
Acknowledgments and references follow the text.

ABSTRACTS. An abstract stating the essential points and
results must accompany all articles. An abstract is a summary,
not a promise of what topics are covered in the paper.

REFERENCES: In the text, references to previously published
work should be followed by the relevant author’s name and
date (and page number, when appropriate) in brackets. All
cited references are alphabetical at the end of the manuscript
with senior author’s last name first, followed by date of publi-
cation, title, publisher, volume, and page numbers. See the cur-
rent issue for examples. Please do not abbreviate periodical
titles.

SusmissioN: Authors should submit two copies of their
manuscript (include copies of theillustrations) to the appropri-
ate specialty editor or the senior editor. Manuscript must be
typed, double spaced, and single-sided. Authors submitting
manuscripts longer than 15 typed pages may be asked to short-
en them. Authors will be requested to submit an electronic
copy of the text, and black-and-white photograph and brief
biography of the author(s) upon acceptance of the paper.

Discussions: Critical discussions of papers previously
published in the Journal are welcome. Authors will be given
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an opportunity to reply. Discussions and replies must be limit-
ed to a maximum of 1000 words and discussions will be sub-
ject to review before publication. Discussions must be
received by the Editor within 45 days after the original article
appears.

MEeASUREMENTS: All measurements will be in Systeme
Internationale (metric). Other units will be allowed where nec-
essary if placed in parentheses and following the S| units.

Ficures: Figures and lettering must be neat and legible.
Figure captions should be on a separate sheet of paper and not
within the figure. Figures should be numbered in sequence
and referred to in the text by inserting (Fig. x). Most figures
will be reduced, hence the lettering should be large. Once the
paper has been accepted for publication, the original drawing
(with corrections where necessary) must be submitted to the
editor. Black-and-white photographs must be sharp, high con-
trast, and printed on glossy paper. Color prints will be printed
at author’s expense only.

CopPYRIGHT: It is the author’s responsiblity to clear any
copyright or acknowledgement matters concerning text, tables,
or figures used.

Process: All submitted manuscripts are sent out to two
expertsin the field. Reviewed manuscripts are then returned to
the author for consideration of the referees’ remarks and revi-
sion, where appropriate. Revised manuscripts are returned to
the appropriate associate editor who then recommends accep-
tance or rejection. Upon acceptance, the author should submit
al photographs and original drawings to the editor.

Once the paper has been formatted and laid-out, the senior
author will be sent one set of proofs for review. Any correc-
tions, other than printer or editor errors, will be done at the
author’s expense. Examine the current issue for more infor-
mation of the format used.



Edward Alt received a Masters Degree in Geography from the
University of Wisconsin-Milwaukee in 1994. He completed a
thesis that dealt with the geomorphic evolution of the northern
Vaca Plateau in West-Central Belize. He has participated in
five research expeditions to the Vaca Plateau. He is currently
aresearch associate at the Soils and Physical Geography Lab
at the University of Wisconsin-Milwaukee, and is completing
course work for certification to teach science in Wisconsin's
public schools.
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Mick Day is a Professor of Geography at the University of
Wisconsin-Milwaukee, specializing in tropical karst geomor-
phology and conservation. He has conducted research in karst
areas of the Caribbean, Central America, and Southeast Asia.
He has been undertaking research and teaching in Belize since
1975.
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Robert Brinkmann is an Associate Professor of Geography at
the University of South Florida in Tampa. His areas of
research expertise include environmental contamination, soils
geography, geoarchaeology, and carbonate petrology. He has
conducted karst soil, geomorphology and environmental cont-
amination research in various sections of Florida's karst, with
these results published in scientific journals.

Pete Hollings started caving in 1989 with the Royal Holloway
and Bedford New College Caving Club at the University of
London. On the completion of aBSin Geology, he joined two
Mendip-based clubs, the West London Caving Club and the
Mendip Caving Group. In 1994, he moved to Saskatoon,
Canada, in order to undertake doctoral studies at the University
of Saskatchewan. He now caves in the Canadian Rockies dur-
ing the summer and heads south in the winter to participate in
the work of the Proyecto Espeleoldgico Purificacion.
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Logan McNatt began caving in 1968 and started working as an
archaeologist in 1972. He has extensively explored and
worked in caves throughout Texas, Mexico, and, especialy,
Belize. In 1972, he co-discovered and explored Mexico's El
Sétano del Barro, one of the world’s largest and deepest pits.
He first visited Belize in 1973, and lived there from 1983
through 1993, working primarily in the field of Mayan cave
archaeology. He currently works for the Archaeological
Survey Program of the Texas Park and Wildlife Department.

James Reddell is the Assistant Curator of Entomology for the
Texas Memorial Museum at the University of Texas. Cave
biology has been his passion since he began caving in 1959.
He has described dozens of new species, and published hun-
dreds of reports on the caves and cave fauna of Texas, Mexico,
and Central America. He founded the Texas Speleological
Survey in 1961, and has since directed it or been a director of
its board.

Philip Reeder is an Assistant Professor of Geography at the University of Nebraska at Omaha. He has been exploring caves for
the last 22 years, and has been conducting scientific research in caves, and karst areas since 1985. Both his Masters and Doctoral
theses were on karst topics and most of his 40 professional publications deal with caves and karst. He has caved and conducted
karst research in Florida, Georgia, Kentucky, Wisconsin, Mexico, Cuba, Belize, Peru, New Zealand, and the Philippines.
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Tom Miller received his PhD in geology from McMaster
University in 1982. He began working in Belizein 1973, even-
tually leading to his dissertation titled “Hydrochemistry,
hydrology, and morphology of the Caves Branch Karst,
Belize” He has been a Fulbright Fellow, Jason V Expedition
hydrologist, and directed the Nationa Geographic-funded
Chiquibul expeditions. He is a Lew Bicking Awardee, cave
diver, NSS Fellow, chairs the Papoose Cave Project in Idaho,
and has been on the NSS Bulletin Board of Editors and the
Journal of Cave and Karst Studies Advisory Board.

George Veni is owner of George Veni and Associates, special-
izing in environmental management consulting for caves and
karst terrains. He began caving in 1975, and since has caved
and conducted research in several countries and U.S. states.
He is a PhD hydrogeologist who has also worked extensively
in cave archaeology and biology. He has written widely on
technical and non-technical caving subjects, and is the
Executive Secretary of the NSS Geology and Geography
Section, President of the Texas Speleological Survey, and coor-
dinator of several caving projects.
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