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Sistema Zacaton isone of themost unique, actively
forming karst systemsintheworld. Therehasbeena
rich history of underwater cave exploration here, cul-
minatinginthe 1994 world record diveby Jm Bowden
to 289 metersof depth, and smultaneoudy, thetragic
lossof THE cavediving pioneer, Sheck Exley (Gilliam,
1995). Bowden and Exley attempted to reach the
bottom of the deepest known phreatic cave in the
world, El Zacaton. (figure 1), but fell short of thisam-
bitiousgoal. Their efforts pushed the envel ope of

(continued on page4)

Figure 1. The water surface of El Zacaton,
the second deepest phreatic sinkhole in the
world. The water is a minimum of 330
meters deep here, and the bottom has not
been identified yet. The floating grass
islands known as zacate can be seen on the
surface. White “clouds” of precipitated
elemental sulfur appear in the water at the far
side of the sinkhole between some of the
zacate (Photo by Ann Kristovich).
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human endurance at those great depths, and it be-
came apparent that unlocking the secrets of Zacaton
would requiremuch morethantraditional cavediving
methods.

Gary writes: “ After witnessing theemotional
events of 1994 (I was Bowden’s engineer and one
of hissupport divers), the mysteries of these amaz-
ing cenotes in northeastern Mexico began to eat
away at the back of my mind. | kept asking my-
self, why are they so deep? How can the waters
seem so different, yet be so close together? Are
the cenotes connected? Why isthewater so warm?
Where do the wispy white clouds in the water col-
umn come from? Since at that time | only had a
background in commercial diving and no training
in geology, these were questions that would go
unanswered for sometime. In 1998, | returned to
college at The University of Texas at Austin and
began studying for a bachelor’s degree in
hydrogeology, driven by the continued nagging in
my mind to understand Sistema Zacaton. Snce
then, | completed undergraduate work, and went
directly into pursuit of a PhD, solely to study the
dynamics and processes of formation that have
shaped what isto me, the most incredible cave sys-
tem on Earth.”

Over thelast threeyears, we have begun to
document the unique properties of SistemaZacaton
using both traditiona hydrogeol ogic methodsand aso
incorporating state of the art techniquesin 3-D map-
ping. Severa expeditionseach year headed by Gary
and Havenshaveyiel ded substantial preliminary in-
formation to support the hypothesis that this deep
phreatic cave system has been shaped by volcanic
activity that powersaccd erated kartification. A num-
ber of individual shavejoined expeditionsand con-
tributeimmensely to our study. Theseinclude: Jim
Bowden and Ann Kristovich (diving support), Jack
Sharp (research support), Jean Krejca and Vivian
Loftin (dry cave survey), Art and Peggy Pamer (dry
cave survey and hydrogeol ogic support), Bill Stone
(3D mapping), Alan Riggs (hydrogeologicand diving
support, Giorgio Caramana (diving support), Mark
Hel per (terrestrial survey and geologic mapping). The
list of contributors goeson, and their help hasbeen
crucial tothe successof thisproject.

Geo? vol. 29 No. 3-4

Geologic history. Sistema Zacaton has
formedin Mid- to L ate- Cretaceous carbonate rocks
that were deposited asthe ancestral Gulf of Mexico
coveredtheareainashalow sea(Goldhammer, 1999;
Enos, 1989). Following eastward regression of the
sea, the limestone beds were aerially exposed and
uplifted asaresult of late L aramide orogenic tecton-
ics. TheZacaton cenoteslieinthefoothillsof the Si-
errade Tamaulipas, which isthe expression of the
Tamaulipas Arch, a200-kilometer long, domal anti-
clinethat formed inthe Gulf coastal plain east of the
fold and thrust belt of the SerraMadre Oriental. The
axial trace of this structure isimmediately west of
Zacatdn and the other cenotesinthe system. Vol canic
intrusive rocks began to erupt in the Sierra de
Tamaulipas during the Oligocene, and thistype of ex-
plosivevol canism continued through theMiocene. By
thelate Pliocene, substantid basdt flowsand extrusive
volcanic activity (andesitesand basalts) becamethe
dominant local geomorphic process(Camacho, 1993),
and formed the AldamaVol canic Complex, whichlies
immediately totheeast of thestudy area(Figure. 2). It
isinferred that vol cani ¢ processes have had significant
influence on karstification of these Cretaceous|lime-
stonesand play asignificant factor in theformation of
the deep phreatic shaftsof SistemaZacaton.

Hydrogeology. Thegroundwater systemin-
volvedinformingthelargekarst featuresof theareais
complex and relatively unstudied. Rechargetothe
aquifer apparently occursprimarily inthe Sierrade
Tamaulipas, wherewater entersthe ground through
discretelocationsand, in someinstances, whereen-
tirestreamsdisgppear into asingle opening onthesur-
face. Onceunderground, water flowsthrough acom-
plex system of conduits and caves expressed onthe
surface asanorth-south line of cenotesand dry caves
formed by the collapse of large underground cavities
dissolved from circulating groundwater. Thisnorth-
south trend in sinkhole development islikely dueto
structural weaknessesformed in association with the
TamaulipasArchuplift.

Water reaches arelativeflow barrier of the
large, extrusive AldamaVolcanic Complex. Herea
groundwater interaction zoneis hypothesized where
local hydrothermal water and regiona meteoric water
mix to produceastate of chemical disequilibriumwith

HOVES



Gary, Sharp ,Jr., et al.

‘(66T
‘oyoewe) WOIY) SMOJJ 1JBSeq ausd0]sId]d pue Sa1euoqied snoadeald) Usamiaq 1oeiuod ayj je

S1SIXa baJe Apnjs ayj Jey) saxealpul xa|dwo) a1uedjoA ewep|y oyl jo dew 2160j0s9) 7z 8inbiH

X31dINOD JINVITOA YINVATY - dVIN 2190717039

Geo? Vol. 29 No. 3-4



Figure 3. A conceptualized cross-section and simplified groundwater flow path indicates the
primary geologic setting in which the deep karst features of Sistema Zacaton have formed.
This figure represents the basic model used to form the hypothesis that hydrothermal activity
play s a major role in the karstification of the area. (Gary, 2002)

Geo?vol. 29 No. 3-4
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respecttothecalcitematrx (Fig. 3). Thislocaiionis
wherethe deepest cenotes, including Zacaton, have
developed. Zacaton reachesat least 100 meters be-
low sealevel, indicating that deep phreatic cave de-
velopment isoccurring. The presence of the Ceno-
zoicvolcanicactivity intheareaindicatesthe potential
for CO2 and H2S dissolution at depth asaprocessin
deep caveformation (Dublyansky, 2000). Duringthe
period of recent active volcanism, thick deposits of
travertinewere precipitated from springsdischarging
hydrothermal, mineralized water (Gary, 2002). This
isconsi stent with the hypothesisthat hydrothermal
activity associated with recent volcanismisthe con-
trolling factor to form these deep hypogenic caves.

Water Properties. Preliminary datacollec-
tion of field parameters (pH, dissolved oxygen, and
temperature) were measured at each of the cenotes
using amulti-parameter sonde (Figure4). Vertical
depth profilesof these characteristicsindicatethat the
bodiesof water are extremely homogeneous, show-
ing littleto no variation throughout thewater column.
Verdeisthe only cenotethat exhibits stratification of
physical parameters as it has thermoclines and
chemoclinesthat fluctuate seasonally (Gary, 2002).
Water samples collected at each of the cenotes and
analyzed for major anion and cation concentrations
show that the hydrochemical facies (Back, 1966) of
all thewatersiscalcium-bicarbonate, except at Tule,
which hasasodium-chloridefacies. Sulfide(H2S)
has been measured in both Caracol and Azufrosaat
levels of 1.6 ppm and 1.04 ppm, respectively. In
Zacaton, no sulfide was detected; however, thevol-
umeof water isat least 3.14 million cubic meters, so
thedilution of sulfideanionsmay affect the measure-
ment, which hasadetection limit of 10 partsper bil-
lion (Figure5). The cenoteswith measurablesulfide
represent extreme reducing environmentsthat areim-
portant to consider ininterpreting the geochemistry of
thesystem. Thetemperaturesof thewatersarevari-
ablethroughout the system and appear to belinked to
the physical morphology of each cenote. For instance,
Zacaton, Caracol, and LaPilitadirectly accessthe
deeper zones of the aquifer and remain at anearly
constant temperature of 31 °C, whichissubstantially
abovethemean averagetemperature of theregion (25
°C). Shallower cenotessuch asVerde, Alameda, and
Tulearecooler (22-28 °C), and reflect seasonal fluc-
tuationsintemperature. Initial water level surveysof

the cenotesin the south section of thestudy area(Fig-
ure 6) indicate that the head flux in deeper cenotes
variesmuch lessthan the shallow cenotesandisless
responsiveto climatic perturbations. Itisproposed

Figure 4. Marcus Gary drops a datalogger to
the bottom of El Zacaton (300+ meters) to mea-
sure parameters of temperature, pH, specific
conductance, dissolved oxygen, and oxygen re-

dox potential. Vertical profiles taken in this
cenote reveal that the water is homogonous
from top to bottom. (Photo by Robin Havens).

that thisbimodal characterization of the system (shal-
low versus deep) isdirectly linked to the physical
morphology of each sinkhole, particularly with respect
to massivetravertinestructures present in many of the
cenotes.

Travertine structures. The 18 karst fea-
turesthat areincluded in the Zacaton system are pri-
marily aseriesof circular sinkholesthat exist withina
6-kilometer linear distance (Figure6). Of thesesink-
holes, eight have devel oped into shallow dolinesthat
havefloorsof travertine. Theoriginof thetravertinein
theselocationsishypothesi zed to be associated with
Pleistocenevolcanismthat wasquiteactivejust tothe
east of the study area(Camacho, 1993). Rapid dis-
solution of limestone host rocks may have occurred
asmeteoric groundwater mixed with hydrotherma wa-
tersadjacent to thevolcanic extrusion. The closed
cenotes were once open, deep sinkholes that were
most likely water-filled. Inthisscenario, followinga

Geo? Vol. 29 No. 3-4
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Figure 5. Graph of basic water quality parameters indicates the water of Verde is isolated from
the deep, hydrothermal aquifer that is connected to the other cenotes. Note: Cristalina is a
small spring cave near Azufrosa.

Figure 6. Sistema Zacaton is made up of 18
circular karst features that lie in a north-south
trend. Some cenotes (primarily in the central
section) have formed travertine “lids” and ap-
pear to be filled in. These lids are thought to
exist up to 50 meters below the water surface
in some cenotes, and define the level of the
water table during paleo-climatic conditions.

5
Geo? vol. 29 No. 3-4 ‘@_}
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shiftintheloca geochemisiry, mobiTized cacium car-
bonate may havereached the surface ascarbon diox-
ideequilibrated with theatmosphere, causing precipi-
tation of calciteintheform of thick lidsof travertine
(Figure7). Largetravertinedepositsaretypical of
hydrothermal systemsfound in carbonate host rocks
(Ford, 1989). Similar occurrencesof massivetraver-
tine deposition have been documented in thetraver-
tinemoundsin Italy (Soligo, 2002). Many of thetrav-
ertinedepositsat other locationshave massive mound-
ing morphologies, but the“lids’ of SistemaZacaton
appear to be quite uniquein their morphology.

Thetravertinefloors (or lids) are most com-
mon at the present day water tablesat S temaZacaton,
but could a so haveformed at lower, palec-water lev-
els. Thecenote, Verde, has an extremely flat floor
that iscurrently at 45 metersof depth. Suchalevel
surfaceisatypical at the bottom of alarge collapse
structure, and may instead be atravertinefloor that
formed at such timewhen climatic conditionsforced a
much lower water table (Figure8). Theanomalous
water propertiesof Verdefrom itsnearby neighbors
of Caracol and LaPilitacould beexplainedfromthis
travertinestructure. Thecooler temperatures, higher
pH, and sgnificantly higher dissolved oxygen level sof
Verde may betheresult of shallow meteoric ground-
water that is separated from the deep hydrothermal
groundwater seenintheother cenotesby asubstantial

travertine barrier ssimilar to those now seen at the sur-
face of other sinkholesinthearea(Figure9) (Gary,
2002).

Geomicrobiology. Biomatscoatingthewalls
of Zacaton, Caracol, and LaPilitaappear asathin,
purple-red blanket, with somewhite areas (Figures
10and 11), and arecommonly underlain by dissolved
calcium carbonate rock (Cretaceous limestone or
Pleistocenetravertine). Thesematsarelikely com-
posed of algae and bacteriathat exist onthewallsof
the cenotes and may represent autotrophic, photo-

Figure 7. Team members Bruce Mills
and Ann Walthers lower a decompres-
sion habitat used for deep diving into
La Pilita. The 1.5 meter thick traver-
tine “lid” of the cenote is clearly vis-
ible, and is growing in the zone of
water table fluctuation (Photo by
Marcus Gary).

synthetic purple bacteria. The immense cenotes of

SistemaZacaton have likely formed with aid from
geomicrobia processes that have accelerated the
karstification process, and the conditionsobservedin
Zacatdn, Caracol, and LaPilitaindicatethat thisisthe
case. Hydrogen sulfideishypothesized to originate
from the deep, hydrothermal contact zone created by
local Pleistocenevolcanism. ThisH,Srisesthrough
the water column and reacts with the purple sulfur
bacteriathat coat the calcium carbonatewalls. Sulfu-
ric acid may be produced asbacteriaconsume avail-
ableoxygenandH,S. Low dissolved oxygenvalues
inthethree cenotesreflect thisreaction. Thecacium
carbonate substrate is exposed to ahyper-acidic en-
vironment asthe sulfuric acid disassociatesinto the
sulfate anion and hydrogen protons, dropping the pH

Geo? Vol. 29 No. 3-4
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wEsT LQS CENOTES DE SISTEMA ZACATON

Figure 8. A cross-section of the south cenotes in Sistema Zacaton shows the relative locations
of important features. The general physical expression of the system can also be observed.

tolevelslower than would be expected inalimestone
aquifer.

Three-Dimensional Mapping. Channelized
karst aquifersrepresent some of the most complex
hydrogeol ogica featuresknown. Charting suchthree-
dimensiond labyrinthsandinterpreting thevariousgeo-
logica and hydrologica relationships, particularly be-
tween sub-surfaceand surficial features, hasbeen ex-
traordinarily difficult. Two recent technologies-
LADAR and phased array sonar-in conjunctionwith
improved earth resistivity techniques promisetheabil-
ity tomode suchfeaturesinafully three-dimensiona
capacity and to link metadatato the model through
theuseof immersiveinteractivegraphics.

Zacaton, likely thedeepest cenoteintheworld,
has a sub-aquatic void space exceeding 7.5 x 106
cubic meters(and likely muchlarger), andisthefocus
of thisstudy inwhich we are creating adetailed 3D
map of theentiresystem. Theinteractive map, when
completed, will include datafrom above the ground

Geo? vol. 29 No. 3-4

surface, beneath the water table, in the rock matrix
itself, and will be used to gain more accurate knowl-
edge of theextent of theseimmensekarst featuresand
tointerpret the geol ogic processesthat formed them.

Phase 1 of theresearch, completed in Janu-
ary of 2002, involved highresolution (20mm) LADAR
scanning of surficid features, induding four of thelargest
cenotesinthecomplex. Advantagestousng LADAR,
aground-based, static mount equivalent to aerid plat-
form based LIDAR imagery, includeimaging under
tree canopi es, manmade structures, or within over-
hung rock structures (Figure 12). Scanlocations—
selected to achievefull feature coverage onceregis-
tered — were established atop surface benchmarks
whose UTM coordinateswere established usng GPS
and Total Stations. The combined datasetswill be
meshed to form ageo-registered TIN that will repre-
sent surface featuresdown to water level insidethe
cenotes.

Phase 2 began in January 2003 and entails
subsurfaceimaging using Earth resistivity geo-physi-
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Figure 9. This sinkhole has been named “Garapata” (Spanish for tick) by the research team
since no local name appears to exist. The bottom has yet to be explored, but a distinctive flat
floor covered with tule (reed type vegitation for which the large cenote just south of this one is
named) is hypothesized to have formed from travertine similar to that in La Pilita (figrue 8).
Photo by Marcus Gary.

ca methods. Spatia datafrom thistechniquewill identify other void spacesisolated from open flow conduits
andlargevariationsinwater chemistry (Figure 13). Themost innovative aspect of thisproject will be Phase 3,
duringwhich theteam will acquire high-resolutionimagery of theunderwater voids. Weplanto modify the3D
Digitd Wall Mapper used toimagethe deep F oridian aquifer in 1999 during aNationa Geographic expedition
and produce adetailed TIN of the Zacaton phrestic zone.

Conclusion. SistemaZacaton still remainsrelatively unstudied, and aswetry to understand the
detailsabout itsphysical expression and processes of formation, more questions arise than beginto bean-
swered. Thefirst threeyearsof geologic research hascollected information that isnow being used to formthe
hypothesisthat volcanic activity playsakey rolein the spel eogenesisof deep phreatic cave systems. Hydro-
thermal karst systemsare proposed to create someof theworld'slargest single pores, phrestic karst conduits,

Figure 10. Biomat coating on the
phreatic walls of the cenote Caracol.
The water in this sinkhole is the most
sulfurous in the system, and what ap-
pears to be precipitated elemental sul-
fur can be seen as a white powdery layer
on the biomat film (Photo by Robin
Havens).

Geo? Vol. 29 No. 3-4
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and mega-sinkholes. We hypothesizethat theforma-
tion of thesesystemsisstrongly influenced by volcanic
activity proxima tothick, relatively uniform carbonate
strata. Two of theworld’ sthree mega-sinkholesover
1000 feet (~300 m) of depth (water-filled) meet this
criteria. They are: Pozzo del Merro, Italy, (392 m)
(Caramana, 2002), and Zacatén, Mexico (over 330
m). We have started collaboration with Giorgio
Caramana, who has spearheaded the research at the
Merro Well, and adetailed, direct comparison of these
two deepest underwater caves (Knab, 2003) is
plannedfor thefuture. Thisresearchwill evaluatethe
geochemica conditionsand morphologica history of
Sistema Zacaton, which is perhaps the deepest ac-
blemega-sinkholeintheworld.

Among thekey scientific questionsabout El
SigemaZacaton (and other smilar systems) are: What
areitssubsurfacedimensionsand how didit form?To
addressthese questions, weintegrate four approaches
that have shown preliminary successat Zacaton and
Pozzadd Merro:

* Sonar subsurfaceimaging, tied to an existing 3-D
gpatial database of surface and cave morphology;

* Geogphysical probing beneath suspected travertines
that may cover unrealized mega-sinkholes;

* Hydrogeol ogic quantification of the physical and

chemical nature of the groundwater system; and

* |sotopic andysesto: 1) test the hypothesisthat vol-
canic processesplay akey roleinthekarstification
and 2) datethetravertinesand speleothems.
Thisproject will offer fundamental indgght intothege-
ometry of these mega-sinkholes, how they are
formed, and when they formed.

For more information, check the website:
WWW.geo.utexas.edu/zacaton
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360-deg LADAR Intensity Image of Cave: 750v x 2000h

Figure 12. Intensity image acquired
froma LADAR scan in the dry cave of
Caverna Cuarteles where a junction of
three horizontal passages and several
skylights exist. The dataset consists of
750 points for each of 2000 vertical
scan lines, giving a total of one and a
half million data points. The
resolution of the spatial data can be
seen in this image (the truck was
approximately 75 meters from the laser
scanner). LADAR scans similar to this
one have been made at each of the
cenotes in the south section, creating a
high-resolution, 3-D model of the
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Figure 13. Electrical resistivity pseudosection of a La Pilita was used to normalize the imagery
created from this geophysical method, since water filled void spaces can be reached beneath
the travertine lid by SCUBA diving. This image clearly displays the applicability of multi-
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by David J. Weary, USGS

THE NATIONAL KARST MAPPING PROJECT

Federal and State agencies, the speleological com-
munity, and academiahaverepeatedly expressed the
need for an accurate and detailed national karst map
to better understand the di stribution of solublerocks
inthe United States. Mapsat avariety of scalesare
needed to educatethepublic and legidatorsabout karst
issues, to providea basisfor caveand karst research,
andto aid Federal, State, and local 1and-use manag-
ersinmanaging karst resources.

During the past two years, adiverse group of karst
experts strategized along-term plan for karst map-
ping onanational scale. Theresultant goal isfor the
US Geologica Survey (USGS) to produce anational
karst map indigital form, derived primarily for maps
prepared by theindividual States, andtolink that map
onaweb-based network to State and local scalemaps
and related data. The newly formed National Cave
and Karst Research Ingtitute (NCKRI; LouiseHose,
Director; 505-234-5561, fax 505-234-3051;

lhose@cemrc.org) will establish aweb-based net-
work of karst information that will be used to build the
nationa map.

TheNationa Karst map, which buildsuponthe” En-
gineering Aspectsof Karst” map by WE Daviesand
others (1984, scale 1:7,500,000) published in the
National Atlas, will be prepared digitally and can be
printed at ascale of 1:7,500,000 for educational pur-
poses and 1:2,500,000 for amore detailed view of
karst digtribution. A digital copy of themapwill resde
onthe NCKRI web siteand belinked to individual
states and speleological organizationsfor state karst
maps, detail ed information, annotated bibliographies,
and outreach products.

TheUSGSwill facilitate compilation of the national
map by cooperating with State geol ogical surveysto
update or produce state karst maps and to establish
standardsand cons stent digital products, and will fa-

Geo? Vol. 29 No. 3-4
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cilitatethedigital compilation and production of the

national karst map. Methods of presentation of data
in karst maps vary considerably and boundaries of
karst between some adjacent states do not match.
Somestateshave adigitized geologic map fromwhich
akarst map could be prepared. Outlines of known
karst areas, caves and sinkholes, depth of burial of
karstic rocks, and areas of “pseudokarst” of several
types are among the types of data shown on some

maps.
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Thenationa mapwill consder thedistribution of car-
bonate and evaporite units, intrastratal karst, karst
beneath surficial overburden, and percentage of area
covered by karst. SUPPORT: USGShasinitiated pro-
grammatic funding for thenationa karst map, andthe
ongoing Nationa Cooperative Geologic Mapping Pro-
gram haslong supported mapping inindividud states.
State geol ogicd surveyshave provided in-kind match
inthe National Cooperative Geologic Mapping Pro-
gram, and some of theresultant mapping hasfocused
onkarst. NCKRI isproviding program coordination,
serving theweb network, and funding to supplement
the USGS mapping program and statesthat need ad-
ditional funding to complete mapping or to convert
mapstodigita form.

Theleader for the nationa karst map projectisDavid
Weary (703)-648-6897 dweary@usgs.gov.

Weary hasand will be contactingindividud State Sur-
veysasthiseffort progresses. 5/24/2003

Geo? vol. 29 No. 3-4

KWI Interdisciplinary Workshop
on Epikarst comes to
Shepherdstown, West Virginia

On October 1-4, 2003, in Shepherdstown, West
Virginia, KWI ishogting itslatest karst science
workshop, KWI Interdisciplinary Workshop on
Epikarst. Epikarst isdefined asthat areawherethe
soil meetskarst rock. It isthat zonewhere many
caveentrancesarelocated and isthe cause of
sinkholesand other topographical karst features.
Theworkshop will cover topicsincludethefollow-

ing

-definingand ddimiting epikarst
-geochemistry of epikarst

-evolution of epikarst

-karst soils

-geophysical sensing of epikarst
-biologica sampling of epikarst
-hydrology and contaminant transport
-ecology and conservation of epikarst

Speakersscheduled for thisevent includethosefrom
Ukraine, France, China, Slovenia, Canada, Hun-
gary, and various statesthroughout the U.S. Work-
shops, as opposed to conferences, also allow for
discussion periodswherethe attendees can interact
and discuss each particular topic at theend of each
speaker's presentation. Therewill aso beaphoto-
graphic poster session, and three" Confusion Ses-
sions' where speakersareinvited to discussab-
minute presentation on any topic withwhichthey are
needingingght.

Soif you areinterested in karst science makeyour
plansto bein West Virginiaon October 1-4. For
moreinformation or to register for theworkshop
see! http://mww.karstwaters.org/epikarst/
epikargt.htm

Kelly Norwood
NSS-KWI Liaison

(From NSS Discussion Board)



17

Boca di Diablo

by Bruce Rogers

“Bonaire, NetherlandsAntilles.

“Devil’s mouth— Bocadi Diablo. Younggirlsen-
tering thismouth can only berescued by aniceyoung
men!”

Yes, well ...anyway ...

TheNetherlandsAntillesareatrio of small Carib-
bean idandsbe onging to Holland that arejust of f the
north coast of Venezuela. Composed of terraces of
Tertiary limestone deposited on amid-Cenozoic vol-
canicrock core, theislands have been upraised and
intensely kardtified. All theidandsarefilthy withcaves,
asarethereefsoffshore, plusal thoseicky fishthings.
Saba, St. Eustatius, and southern St. Martin Islands
some 160 miles east of Puerto Rico are also part of
the Dutch presencein the Caribbean Sea.

Bonaire, the easternmost island, is famous for
flamingoesand hypersalinelagoons (likethe Pekel
Meer) where dolomite rock forms being the capitol
of thegroup. Arubaisthewesternidand and famous

Colour photograph postcard published by Kralendijk Trading
Co., Ltd., Bonaire, Netherlands Antilles; postmarked November,
1983, with 50 cent flamingo and 10 cent volcano Nederlandse
stamps.

for scubadiving, flamingoes, and that fact the M cClurg
family got started caving there sometimein therela-
tively recent past - now was it just after the Great
Flood Watersreceded from theidand, David?

Bocadi Diabloisactudly anarch some 12 ft. highand
about 20 ft. wide. It’sthe remnant of amostly col-
lapselarge chamber of a“flank margin” cave. If you
look very closdly, you' Il seesomesmall barrel-shaped
cacti ontop of thearchitsalf. Althoughtheidandsare
only 12 degrees north of the equator, they arevery
arid and have aremarkably number of plantssimilar
to the American Southwest. Whether or not any nice
men rescued young maidens from its depths or not
only Mr.McClurgcansay ...and at last count, he's

not saying!

Geo? Vol. 29 No. 3-4
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Karst Research Calender --

NSS Convention

Porterville, Cdifornia, 4-8 August 2003

Contact: Peri Frantz, 408-356-8506. Email:
apfrantz@pwpconsult.com. Lynn Fielding, 310-533-
8627. Email: lynn@wb6éhgk.ampr.org.

Gypsum Karst Areas in the World

Bologna, Italia, 26-28 August, 2003

Contact: Consorzio do gestione del Parco Naturale dei
Gess Bolognesi e Calanchi, dell’ Abbadessa, ViaJussi,
171, 40068 San Lazzaro di Savena(Bologna), Italy. Tel.
+39-051-6251934, Fax. +39-05106254521. E-mail:
par cogessi @tin.it.

Ninth Multidisciplinary Conference

on Sinkholes and the Engineering

and Environmental Impacts of Karst™
Practical Applications of Karst Science

Sponsored by the Geo-Institute of the

American Saociety of Civil Engineers, The As-
sociation of Ground Water Scientists & Engineers
of the National Ground Water Association,

and PE. LaMoreaux & Associates, Inc.
September 6-10, 2003

Huntsville, Alabama, USA

www.asce.or g/conferences/kar st2003

Symposium on Water Resources in Karst and
Hard Rock Formations with Emphasis on Karst
Exploration Techniques

Middle Sept. 2003

Esfahan I.R. of Iran

Contact: DR. A. AFRASIABIAN.

DIRECTOR OF NATIONAL KARST STUDY AND
RESEARCH CENTER GENERAL SECRETARY.

P, O, and BOX: 15875-3584, TEHRAN IRAN.
FAX: +98-21-7533186 Tel: + 98-21-7520474.
Email: Karst @ wrm. Or. ir

Geo? vol. 29 No. 3-4

Karst Water sinstitute

Interdisciplinary Workshop on Epikar st

Oct 1-4, 2003

Shepherdstown, West Virginia

For moreinformation:
http://www.karstwaters.org/epikarst/epikarst.htm.

16" National
Symposium
October 13-17, 2003

Sheraton Hotel-- Gainesville, Florida
http://www.nckms.com/#call

Abstracts or

questions regarding the program should be directed to
Michael Poucher, at e-mail:

mpoucher @cavesurvey.com, or by calling at (h)
352-840-0167. The deadlinefor submitting abstracts
and biographical sketchesis August 15, 2003.

Cave and Karst Management

Have a karst conference announcement?

Please remember we have a3-4 month lead time, so
sendin timely mannerto:

joschaper @socket.net.
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WHERE THE LIMESTONE PROFESSOR MEETS THE LAVA

— William R. Halliday

When the National Speleological Society’sannual
Convention was held in Yreka, CA, its mottowas
“Wherethelimestonemeetsthelava’ or viceversa.

During the summer of 1915, anoted karstographer-
to-be, Willard Rouse Jillson spent severa weeksex-
amining “thegeology and physiography of theMt. St.
Helensregion”. Severa of hiswritingsabout thisex-
pedition appeared | ater in his* Sketchesin Geology”
(Jillson, 1928).

As seen from the perspective of 21st Century
vulcanospel eology, Jillsonwasespecidlyfascinated by
the numerous tree molds of this region, and found
moderately deteriorated wood at the bottom of one
of them, providinginsight even then about the age of
thelavawhich had engulfed them. Thescientificin-
vestigation of treemoldsand thelr cavestoday islargely
aJapanese undertaking, but Jillson’s pioneer interest
intheselandforms should not be overlooked whenthe
history of their study iscompiled.

Onthe other hand, Jillson missed several major op-
portunitieshere. Apparently hepassed by Ole sCave
without enteringit:

“...aaneevationof 1,351 feet of occursthelower
entrancetothelargest of the severd lava(cavesof the
Mt. St. HelensDistrict. Itisreported that thiscave,
whichisreally aneongatelava (sc) channd, isover a
mileinlength. Thisreport, thoughit may betrue, is
not herewith authenticated.”

Not only did Jillson misshischanceto bethefather of
American vul canospe eology but hemissed thechance
to seepartialy charred, wood in situ near the lower
end of nearby Lake Cave. Almost 50 yearslater, our
discovery of thiswood inapiping confluent near the
lower end of thiseasy cave provided thefirst radio-
carbon date on the Cave Basalt Lava Flow which
dominatesthe southern dopesof Mount St. Helens.

Geo? vol. 29 No. 3-4

It isat the bottom of one of thetree moldswhichin-
trigued himso much.

Allindl, however, Jillson’slittle 1928 book isade-
light. it wouldwel | beworthreprinting for sdleat Mount
St. HelensNationa Vol canic Monument, Mammoth
CaveNationd Park and other famouslandmarkswhere
hislong-ago sudiesremainsgnificantinthe21st Cen-
tury.

Reference:

Jillson, Willard Rouse. 1928. Sketchesin Geology,
agroup of 22 separ ate paper son American geol-
ogy. Louisville, C.T. Dearing Printing Co.

Geo?

NEEDSYOURARTICLES

-- Breaking Research

-- Geo related student projects

-- Meeting Announcements
(remember 3-4 month lead time)

-- Book Reviews

-- “Interesting Items’ looking for

ahome
-- Karst-related News

We cannot publish Geo? without
input from Section Members. If
Everyonesubmitted onearticleper
year, we'd never be behind
schedule. Send something today!

Queriesor Questions?
joschaper @socket.net
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Lightning Safety For Cavers
by John Gookin
Nationa Outdoor L eadership School

These cows made three fatal mistakes.

1) They were in an open area during a storm,
exposing themselves to a direct strike.

2) They were near a long conductor, which
probably channeled high voltage down from a
hillside strike.

3) They naturally had their legs spread far apart
(about as far apart as a person laying down),
providing significantly more voltage to one leg
than the others, which drove ground current in
one leg and out the others.

Photo courtesy of John Gookin

Numer ouscaver s have been shocked by lightning.
The seriousinjuries have been near cave entrances,
especiadly whenmetd cables, cableladdersand wires
were being used. Caverswalking on the surface, to
and from caves, aregenerally at greater lightning risk
thanthey arewhilecaving. Ingenerd, itismuch safer
to bewell insdeacavethan onthe surface during an
electrical storm. But some cave entrance areas ap-
pear to be even more dangerousthan other placeson
thesurface.

One proviso: Non-caversoften call small overhangs
“caves.” Small overhangsare especially dangerous.
Lightning tendstoflash over surfaces andit easily jumps
the gapsof these small pseudocaves, especialy when
rainwater isrunning. Humansoffer better pathsfor

conducting electricity acrossthose gaps. Be sureto
tell non-caversthat cave entrancesare dangerousdur-
ing electrical storms, sothey will get themessagethat
these® caves’ arepoor placesto beinathunderstorm.

Red caverswho areunderground probably won't even
know that athunderstormisoutside unless someone
getsshocked, or unlessthewater level startstorise
fromrain, or unlessyou areexiting the cave and hear

Geo? vol. 29 No. 3-4

thethunder rumbling at the entrance.

Caversasfar asamileunderground have been shocked
by lightning*. Those standing in water seem to get
shocked more. People standing in water on the sur-
face have been shocked through thewater, at the same
long distancesfrom strikes. Touching the caveceiling
whilestanding ontheground will increaseyour poten-
tial to conduct current?.

But caverswell withinacavedon’t seemto get more
thanuncomfortable (or dightly debilitating) shocks. It's
the caversin the entrance pits, on cable ladders or
near other metaliclines, that tend to get serioudy hurt
by lightning. Wet ropes hanging in an entrance can be
asdangerousascables, but have only been observed
aslightning conductorsin the mounta neering accident
data (not in caves, yet.) Metal handrailsinto show-
cavesneed occasiona gapsinthemetd to avoid chan-
nelinglightning strikesto everyoneholding that railling
inthecave. Thesegapsshould befeet long, not inches
long, and therailingsshould bewd | grounded near the
surface. Plastic bridgesbetween railingsshould bein
dry locations.
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T his picture of Wolf Creek Cave shows cave air exhaling,

Just like it tends to do during a mid-afternoon
thunderstorm. Cave air is highly conductive of electricity
compared to normal air on the surface. Streams are
also highly conductive. The exhaling air and the sinking
stream may be related to the fact that some caves seem
to attract lightning.

Photo by Dave Bunnell

Do caves attract lightning?

Some cavesdefinitely get struck more often than oth-
ers. Thishasbeen well documentedin the Pyrenees®.
Thishasalso been documented viageomagnetic sig-
naturesin lavatubes. But why some cavesget struck
morethan othersisopento debate. If youdon't care
why some caves might get struck morethan others,
skipto*“lightning safety guidelines.”

Cavestendto beexhaling highly conductiveair inthe
afternoonswhenlightning tendsto strike. Diurna cave
breathing iswell documented, but exhaled caveair
flowsdownhill and tendsto stay together likeariver
of ar (you canfed it.) Thehigh conductivity of cave
air wasdocumented decadesago . Thisneedsfurther
examination by analyzing the caveair itself for ions
and by looking for e ectricd fiddsaboveexhding cave
entrances.

Look at Dave Bunnell’s photo of Wolf River Caveto
seenormal caveentrancear movement. Cool dry air
isseeping out of the cavebelow thefog layer. Dry air
isactualy heavier thanmoist air: thisiscounter-intui-
tive. And cool air isheavier thanwarmair. At thether-
moclinebetweenthe caveair and thewarmmoist sur-
faceair, fog formswhen the cool caveair condenses
themoisturefromthewarm surfaceair. If astormwas
gpproaching, the dropping barometric pressurewould
suck hugeamountsof cool air out of the cave.

LY
F
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Anatomy of aLightning Strike

First, a leader moves down from the cloud in 50m steps.
When it is close to the ground, it attracts “streamers” from
the closest objects.

Second, when the leader connects with the closest
streamer, the big “return stroke” travels along its path.
Caves would only tend to attract a strike if they had an
elevated conductor, like a tree or a column of ionized air,
up high where they would connect with more leaders.

A turbulent scorm could mix theair more. Somepeople
who study cavesand lightning think thisair hel psat-
tract lightning to cavesthat breathealot of air.

But another important factor to observeinthisphoto
isthat thelocal streamisdropping intothecave. This
isawet spotinthewell-drained karst terrain. Eventu-
ally thisstream connectsto thewater table, providing
anexcellent grounding. Thesediving streamsareex-
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cellent conduitsfor chargeto movein or out of the
Earth. Thischarge coming out of the Earth helpsde-
velop the“ streamers” that help blaze thetrail for a
ggnificant lightning strike, and it hel pschannd ground
current from astrike. Cavershave been standingin
water amileunderground, and been shocked through
the stream of water. Observersat the cave entrances
have documented that

sometimesthelightning repeatedly strikesan entrance,
to shock the caversunderneath . But other observers
at cave entrances have noticed that sometimeslight-
ning hitsfar from the entrance, and still shocksthe
caversinthewater underneath. Thedistant strikesthat
shock cavers are probably connecting to the cave
streamviasomeother stream passage, not viathesame
entrancethe caversused.

Dde Greenisan amateur geophysicist who hasbeen
sudying lavatubes. Whilemapping themagneticfieds
around lavatubesin Idaho, hehasfound that themag-
netic disturbances caused by lightning strikesare con-
centrated around entrances of tubes that blow air.
These strikes can be detected because intense cur-
rentsfrom lightning magnetizethelavaand completely
dter any previousmagneticfied. Away from entrances,
lightning strikeswerefound to bevery sparseand ran-
domly placed. The causefor thisentrance concentra-
tion is unknown but may be due to moisturein the
exhaled air. If thisseemslikeaweak scenario, con-
sider that the main place most housesreceivedirect
lightning strikesisthrough furnace exhaust vents.

We can actually start looking at real lightning strike
data at cave entrancesin the US (lower 48 States)
and much of CanadafromtheNationa Lightning De-
tection Network (NLDN.) The NLDN is run by
VaisalaGlobal Atmosphericsinc (VGALI). Toseea
redl timemap of lightninginthe USfor thepast 2hours,
goto<www.lightningstorm.com>. VGAI sdisdetalled
lightning datato anyonewho wantsit and they can
produce col or-coded maps showing strike concen-
trationsfor specific areas. If you get struck and want
to know whether it was a hot strike or a cool one
(they can vary from 1-200kA) VGAI can use your
exacttimeandlocationto tell you moreabout “your”
grike. If youthink aloca caveislightning prone, you
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can hirethemtotell youif that |locationisreally ahot
spot.

Discussing theoriesof why somecavesaremorelight-
ning pronethan othersisan academic exercisethat
may eventually help uspredict relativerisksin certain
caves. Butitisfactua that somecavesaremorelight-
ning pronethan others. Whenthelocalstell usthat a
certain caveislightning prone, we should be careful
around these entrances by minimizing our timeof ex-
posure during storms.

Lightning safety guidelinesfor cavers

* Timeyour caving tripsto avoid thunderstorms.

« Avoid cave entrances during thunderstorms.

* Avoidlong conductorsduring thunderstorms.

* Avoid water, and touching thewall or ceilingif near
thesurfaceduring astorm.

* Dropintothelightning positionif alightning hazard
exigs.

Additiona Lightning Safety GuiddinesFor PeopleOn
The Surface

» Seek amodern building, car or safer terrainif you
hear thunder.

* Avoid highground if you hear thunder.

* Avoidrelatively tall treesif you hear thunder.

Get in the lightning position to reduce risk. Squat or sit, ball
up, put feet together, and wrap your arms around your legs.

TheLightning Position

Assumethelightning position whenat risk. Thiswill
reducethe chancesof getting adirect strikeand it may
reducethe other effectsof lightning, but it offersno
guarantees. Some scientistsarguethat it barely helps
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protect you; othersarguethat it ismuch more valuabl e because the data saysthat no onein thisposition has
ever been hurt.

Thispositionincludessquatting (or sitting) and balling up so you are aslow as possiblewithout getting prone.
Wrap your arms around your legs, both to offer asafer path than your torso for el ectronsto flow from the
ground, and to add enough comfort that you will chooseto hold the position longer. Closeyour eyes.

Whilethepronepositionislower, being spread out increases potential for ground current to flow through or
acrossyou. Keep your feet together so you don't create potential for current to flow in onefoot and out the
other. If you haveany insulated objectshandy, likeafoam pad or asoft pack full of clothes, st onthem. Avoid
backpackswith frames since the frame may concentrate ground current. Don't touch metallic objects. You
won't get awarning that astrikeisimminent becausethelightning event from cloud to ground and back occurs
faster than you can blink an eye, so stay inthelightning position until the storm passes. Thelightning position
reducesthe chancesof lightning injuring you asbadly, but isno substitutefor getting to safer terrain or structure
if itisimmediately available. If you are concerned enough to assumethelightning position, you should have
your group dispersed at |east 50 feet apart to reduce the chances of multipleinjuries.

Ground current may spontaneoudy trigger your leg musclesto jump whileinthelightning position, sotakecare
to avoid being near hazardswhen you dropinto thisposition.

Summary

Caversareprobably at greatest risk walking to and from caves. But cave entrances offer dangerous spots
wherewe need to exerciseahigh level of caution, moving past them quickly just like when passing under
potential rockfall. Inside caves, weareonly at moderaterisk when near the entrance or inthewater. Deepin
acave, ondry ground, weare probably safer than anywhere onthe surface. Having said all of that, theleading
expertsinlightning injury epidemiology say that lightning safety isabout 2/3 intelligent behavior and 1/3luck.
Following lightning safety guiddinescan eiminate 2/3 of thelightning injuriesintheworld.

Caversaren'tjust cavers. weare outdoorspeople. Knowing how to behaveintelligently when lightning threat-
enscan help usin many other activities. Studying up on lightning safety guidelinesfor other activitieswe
participatein can help usmake moreinformed decisonswherever weare.

When lightning strikes, it emits powerful surface arcs \
above the ground surface and ground currents under
the surface. Most victims are killed by ground cur-

rents. Any long conductors, like cables, wet ropes,
metal handrails, or streams, tend to channel that

ground current as it travels into the Earth. This factor

may not make caves attract more direct lightning \ é
strikes, but it may channel the energy of nearby strikes \

into more caves. ) bl

Resour ces

T ) l/, ‘,f
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» Learn moreabout backcountry lightning safety at

http://research.nols.edu/wild _ingructor pdfs/lightningsafetyguiddine.pdf

A Geo? Vol. 29 No. 3-4
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* Learn moregenera lightning safety guidelinesat <www.uic.edu/* macooper/faglhtm>.

Gookin

* Hedlth professiona s canlearn moreabout lightning injuriesin Mary Ann Cooper MD’s*Lightning Injuries’
chapter in Paul Auerbach MD’sWildernessMedicine: Management Of Wilderness And Environmenta Emer-
gencies.

* Sportsenthusiasts can seethe NCAA lightning safety guiddlinesat
http://Aww.ncaa.org/sports_sciences/sports med _handbook!/.

Footnotes:

Personal correspondencefrom Mike ZawadaRE anincident in1962.

2Personal correspondencefrom Cindy Heazlit RE anincident in1999.

3Choppy, J. “ CavesAttract Lightning” . Paris, 1994. See John Gookin for an English trandation.
“lbid.

> An Electrifying Incident Beneath the Arbuckles’ by R.D. Milhollin, NSSNewsMay 2000.
SWeusedto call thisthelightning SAFETY position, but thisnameeasily alowstheillusion of safety.

Conference Report:
Symposium on the Application of Geophysics to Engineering
and Environmental Problems
Environmental and Engineering Geophysical Society

by Geor ge Veni
(all photoshby theauthor)

Introduction

TheEnvironmenta and Engineering Geophysicd Sodiety (EEGS) isanorganization| hed peripherdly heard
of but knew nothing about. Thesamewastrueof their * SAGEEP” series, Symposiaonthe A pplication of Geophys-
icsto Engineering and Environmenta Problems. When | heard they were coming to my hometown of San Antonio,
Texasfor aconventionon 7-10 April 2003, my interest stirred. | couldn’t meet the paper deadline, but wasableto
attend part of the conferenceand ass st with thefid d trip. Thisreport focuseson symposium’skarst sessonsandthe
post-conferencetrip over the EdwardsAquifer.

TheKarst Sessions

Officidly, theprogram offered onekarst sesson. But asess on onthe Edwards Aquifer was, by default, a
second karst sesson. Unfortunately, the planning staff for thesymposium didn’t redlizethis. | arrived onthe second
day of the symposiumto attend thekarst sesson announced inthe published schedule. | wassurel wasintheright
room, but nothing wassaid about kard. | | eft to check themaster schedul e outside of the meeting roomsand found
thekarst sess onwasmoved to thenext day and oppositethe Edwardssession. | never learned what prompted this
change, but oneauthor who arrived on the scheduled day to present hispaper ended up giving it inanon-karst
onsincehecouldn’t stay until the next day. Thiswasadisgppointing introductionto EEGSand SAGEEPR,

Thenext day wasbetter. Therewasnothing | could do about the scheduling conflict but sincel knew the

Geo? Vol. 29 No. 3-4 e
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EdwardsAquifer issueswell, | attended the“Karst and
Cavities” sesson ingtead. Four papers were on the
agenda:

1) Application of wavelet transform in detection
of shallow cavities by surface waves by Parisa Shokouhi,
and Gucunski Nenad.

2) Accuracy of seismic refraction tomography codes
at karst sites by Philip J. Carpenter, 1. Camilo Higuera-
Diaz, Michael D. Thompson, Shashank Atre, and
Wayne Mandell.

3) Application of a downhole search and rescue
camera to karst cavity exploration by Jonathan E.
Nyquist and Mary M. Roth.

4) Mapping structural pathways for DNAPL
transport in karst using induced polarization by Larry J.
Hughes and Norman R. Carlson.

The first two papers dealt primarily with
adjusting and improving geophysical instrumenta-
tion to certain problems. The karst issues seemed
secondary to the papers. | missed the third paper
because of the scheduling change mentioned above.
The fourth was an interesting application of induced
polarization that mapped either clays or TCE mi-
gration from a leaking landfill to identify buried,
sediment-filled sinkholes. The results were con-
firmed by drilling, but it wasn't clear if the clay,
TCE, or a combination of both was key to the
method’s success.

Edwards Aquifer Studies Session

Given the conference’s location in San An-
tonio, where the Edwards Aquifer is effectively the
sole source of water for about 1.5 million people, a
special session on the Edwards was not surprising.
Eight papers were presented:

1) Geologic setting of the Edwards and Trinity
aquifers of central and south Texas - interactions among

B

Figurel-:

Caver rappelling into the 44-m-deep entrance pit
of Valdina Farms Sinkhole, Medina County,

Texas.

tectonics, carbonate deposition, and groundwater flow by
Susan D. Hovorka.

2) Hydrological overview of the Edwards/Trin-
ity aquifers by George Ozuna.

3) Ground water resource management issues by
John Waugh

4) Advanced processing and interpretation of the
high-resolution aeromagnetic survey data over the central
Edwards Aquifer, Texas by David V. Smith and David
Pratt.

5) Application of audio-magnetotelluric sound-
ings to detect fractures in the Edwards carbonate aquifer
near Seco Creek, Medina County, Texas by Herb A.
Pierce, George Elliott, Alex Ingerov, and Rebecca
Lambert.

6) The conductivity structure above Edwards Aqui-
fer, Texas, derived from airborne EM data by Daniel
Sattel and John Slade.
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Figure 2
Entranceof Bear Cave, Bexar County, Texas.

7) Preliminary results, helicopter electromagnetic
and magnetic survey of the Seco Creek area, Medina and
Uvalde counties, Texas by Bruce D. Smith, Richard
Irvine, Charles Blome, Allan Clark, and David V.
Smith.

8) Identification of electrical anisotropy from heli-
copter EM data by Changchun Yin and Greg Hodges.

I missed the first three papers due to the sched-
uling conflict with the karst session, but since they
were primarily introductory papers on topics I'm well
familiar with, it was no big loss for me. The Edwards
is a highly productive, deep, artesian aquifer formed
in Cretaceous carbonates along the Balcones Fault
Zone along the southern and eastern margin of the
Edwards Plateau in central Texas. It is a complicated
system, both hydrogeologically and in its management,
due to issues involving water quality and quantity,
endangered species, and a growing, but still insuffi-
cient knowledge base from which to manage it. Adja-
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cent to the Edwards, the Trinity Aquifer is not one
groundwater system but comprised of several distinct
aquifers, some Kkarstic and some not. Increasing evi-
dence demonstrates that in some areas, the Trinity
contributes water to the Edwards.

The remaining five papers examined large area
geophysical mapping of the aquifer. They showed a
variety of features, such as volcanic intrusions, major
fracture zones, and changes in lithology that play im-
portant roles in regional patterns of groundwater
movement. Two of the papers focused on the Seco
Creek area, in part due to the presence of Valdina
Farms Sinkhole (Figure 1). This cave is located about
100 m from the creek. In 1982, the Edwards Under-
ground Water District built a low-head dam across the
creek and cut a 4-m-deep by 3-m-wide diversion chan-
nel on the upstream side of the dam to the cave to
enhance recharge into the aquifer. More than 16 mil-
lion cubic meters of water have been gauged entering
the cave during a single recharge event. However, given
the scale of the surveys, the cave was little more than
a blip on the geophysical maps.

Edwards Aquifer Field Trip

Geary Schindel, Chief Technical Officer for
the Edwards Aquifer Authority (EAA), organized a
post conference field trip over the Edwards Aquifer
and solicited help from Ron Green (Southwest Re-
search Institute), Susan Hovorka (Bureau of Economic
Geology), John Hoyt (EAA), Bruce Smith (USGS),
and me (George Veni and Associates).

The trip started with a scenic overlook of San
Antonio and the aquifer area. The site was used to
provide an overview of the aquifer and its manage-
ment issues. It proved dramatically educational in an
unexpected way when we arrived to new construc-
tion roaring and rattling the scene, emphasizing the
point that rapid urban growth is occurring over the
aquifer recharge zone.
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Figure4--Geophysicistswait for theresultsof an
electrical resistivity transect near Bracken Bat
Cave, Comal County, Texas.

Figure3--Geary Schinde opensthevalvetoallow
artesanflowfromawdl that wastraced totheComal
Springs, Comal County, Texas.

We soon drove to nearby Bear Cave (Figure 2) and Cub Cave. They occur in a 0.85-km2-area behind a
flood control dam that the city recently purchased for parkland. The dam also serves to enhance recharge into
the aquifer through Bear, Cub, and other caves in its reservoir. Initially, the caves’ location in the reservoir was
considered beneficial, but as the drainage area becomes urbanized, there is increasing concern about water
quality degradation. Quite a bit of time was spent describing karst for the benefit of most participants, its role
in the Edwards and other karst aquifers, its vulnerability to pollution, and geophysical studies conducted at the
cave and other Edwards locales. A brief visit was made to nearby Cub Cave, which has the largest entrance in
the county at 14 m wide by 6 m high.

Stop 3 was at a roadcut along Loop 337 in New Braunfels, a town about 30 km northeast of San
Antonio. In that location the Edwards Limestone is a highly permeable, honeycomb that probably formed at
the front of a former fresh water/saline water mixing zone along a major fault. Dissolution and alteration
features are evident, such as from preferential dolomitization during deposition of the limestone and later
dedolomitization.

Lunch was served nearby in New Braunfels’ Landa Park at the Comal Springs. This spring group is the
Geo? Vol. 29 No. 3-4
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largest issuing from the Edwards Aquifer and dis-
charges from along faults at a mean rate of 8 m*/s as
measured between 1930 to 2000. In March 2002,
Geary Schindel conducted two tracer tests to the
springs using eosine and uranine. The dyes were in-
jected into nearby wells and one appeared within about
3 hours and the other within about 36 hours. One of
the wells is artesian (Figure 3) and required some cre-
ativity to inject the tracer, which involved installing a
PVC casing that rose above the potentiometric level,
then lowering a tube deep into the well and pumping
in dye through the tube. About 1,800 samples were
analyzed over a two week period and beautifully
showed the effects of photodegradation on the fluo-
rescent dyes as the water discharged from the springs
into a small, shallow lake. The tracer experiment was
important since tracer work is seldom conducted in
Texas and several prominent geologists and decision-
makers did not previously believe that conduits play a
significant role in groundwater flow in the aquifer.
Unfortunately, some still don't.

Leaving the springs, we broke into two groups.
One returned to the hotel, and the other drove a little
south for an early dinner and a trip to Bracken Bat
Cave. Bracken contains the world’s largest concentra-
tion of mammals. It is a maternity colony for Mexican
free-tailed bats. During this fieldtrip most of the bats
had recently returned pregnant from their winter ex-
cursion in Mexico. Since they give birth to an average
one pup each, by the summer, their population in the
cave will double to an estimated 40 million.

The cave is a single large passage about 130
m long by 15-25 m wide by 10 m high. The entrance is
in a 30-m-diameter by 10-m-deep collapse sinkhole,
and cavers have long believed that the passage must
continue on the other side. Those of us who arrived
there early set up a demonstration of the AGI (Ad-
vanced Geophysical Instruments) Sting electrical re-
sistivity system to try and detect that void (Figure 4).
As we worked, the others arrived and enjoyed watch-
ing the spectacular bat emergence. Ron Green led the
demonstration, based on prior geophysical work done
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at the cave by his co-workers at Southwest Research
Institute, but this demo didn’t turn out as well. In our
rush to complete it before the hour became too late,
some of the electrodes didn’t have good contacts with
the ground and there was no time to fix the problem.
What seems to be a void appeared on the image pro-
duced by the Sting, but the error was too large to con-
sider it reliable.

Summary

Although there were some initial disappoint-
ments with this meeting, I'm glad | attended. All con-
ferences have their gaffes, and I expect from the cali-
ber of people attending that those | saw were excep-
tions, not the rule. The papers | saw in the karst and
non-karst sessions seemed insightful, well researched,
and useful investigations. While there is a tendency to
think of geophysics as something that karst consult-
ants working in applied fields would tend to use, I was
impressed with the potential use of geophysics in sound
basic research to help us better understand how karst
develops and functions. While karst geoscientists
would benefit from attending these conferences, the
geophysicists would also benefit from our participa-
tion. Of the papers | saw and the people I spoke with,
it was clear that few had any detailed understanding
of karst. Though like myself, many of you reading
this love our karst conferences, for us to truly influ-
ence the science and management of karst, we need
to attend meetings like this to increase their and our
education.

The proceedings of this and other SAGEEP
conferences are available on CD. To order these and
related publications and for more information and
EEGS and SAGEERP, visit the EEGS website at:
WWW.egs.0rg
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Dear Karst Friends,

Inalittleover amonth, many of uswill bemeetingin
Californiafor the NSS Convention. The Section of
Cave Geology and Geography luncheon meeting is
scheduled for Wednesday, 6 August. If you planto be
at themeeting, the

tentativeagendabe ow isareminder/warning thet youl
becalled onfor areport. If youwon't be at the meet-
ing, pleasee-mail meareport that |
cansharewiththeothers. If thereareany unlisted old
or new businessitemsthat you want to discuss, let me
know and I'll add themtothe

agenda.

Should you need to reach in the coming month, keep
inmindthat I'll be unreachablefrom 9-21 July while
teaching akarst management

seminar in Guatemaa.

Thanks,

George
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SCGG MEETING AGENDA
NSS Convention, Porterville, California,
6 August 2003

Treasurer'sReport: Gail McCoy
Editor's Report: Jo Schaper

Web Editor's Report: Matt Reece

Committee Reports
Cave Geology: Bette White
KARSTMAP: Jack Epstein/Randy
Orndorff/David Weary
Long and deep cavelists: Bob Gulden
Huppert/Quinlan Award: Jameson

Other reports:
AAAS: DanChess
AGI: Harvey DuChene
JCKS: editor - LouiseHose
JCK S geoscience: editor -- IraSasowsky
KWI: John Mylroie
Thesislist: Betty Whedler
UISCommission on CaveMineraogy:

Caral Hill /Will White
Friendsof Karst: Will White
NCKRI: LouiseHose
Cave& Karst Encyclopedia: Will White
2003 Convention

Gl Sworkshop/symposium: Bernie Szukal ski

Other past meetings/'symposia?

OldBusiness.

New Business:

1) Next year'ssymposum: Idand Karst,
Mylroieand Florea?

2) Should Geo2 be-mailed or placed on
password-protected website?
Announcements

Elections

Adjourn

Geo? Vol. 29 No. 3-4
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In Review:

Proceedings of the 15th NCKM S Symposium

David M. Bednar, Jr.

The 15th Nationad Caveand Karst Management Sym-
posium (NCKMYS), dedicated inthe memory of Drs.
George N Huppert and Randall Tufts, washeld from
October 16-19, 2001 in Tucson, Arizona. Some of
theagencies, universities, and consulting companies
represented at the symposiumincluded the National
Park Service, Hoffman Environmental Research In-
stitute, Mammoth Cave National Park, VirginiaDe-
partment of Natural Heritage, Missouri Department
of Conservation, Western Kentucky University,
SWCA, Inc., Tongass National Forest, andthe U.S.
Fishand WildlifeService. The16th NCKM Swill be
hosted by The Cave Diving Section of the National
Speleological Society in Gainesville, Floridafrom
October 13-17, 2003.

Thisproceedings volume contains 24 papersand 32
abstractsdividedinto Six sections.

Thefocusof Section 1isManagement of Karst Ar-
eas. Balley provided aprogressreport onthe activi-
tiesand projectsat the National Caveand Karst Re-
search Ingtitute. One project would resultin abook-
let entitled Guidelinesfor Cave and Karst Manage-
ment for America s Protected Lands. Bowman pre-
sented areview of the Cave Management Plan pro-
cess. Land acquisition problemsencountered by the
West VirginiaCave Conservancy werediscussed by
Bray. Buecher provided caving accident satisticsand
Crawford discussed karst hazardsin urban aress.

Ek reported that of the 384 National Park Service
units, 73% (281) contain Sgnificant natural resources.
Of those, 43 % contain cavesand/or karst resources.
Oneitem of noteinthispaper isElk’sdefinition of
karst. Guaranteed, aglobally accepted definition of
karst does not exist in the literature. Every author
defineskarst differently usng smilar terms. Elk de-
fineskarst as a process rather than an area of land
with distinctive geomorphic and hydrol ogic features.
Additiondly, Ek provided along list of citations (204)
used to confirm the presence of cave and karst re-
sourceswithin Nationd Park Servicelands. Hamilton-

Smith addressed the difficultiesencountered when es-
tablishing protected areas for karst ecosystems.
Groveset a. summarized recent activities by the co-
operative scientific program between theHoffman In-
stitute, the Cave Research Foundation and Chinese
Academy of Geological Sciences.

Several brief abstractsfollow that addressed topics
such astheinadequate management of caveand karst
resourcesaong the Ozark Nationa Scenic Karstways
(House); acooperative education program between
Western Kentucky University and the National Park
Service(Memanet a.), amode for evaluating three
fundamentd e ementsof karst systems, (Kambesisand
Grooves), detailed air flow datato better understand
caveenvironments(Schneiker), and humanfactorsin
caveresource management (Smith).

Stokes and Griffiths called attention to afour-step
karst vulnerability procedure devel oped for forest
management guidelinesin British Columbia. Thepa
per by Trout coversoutdoor recreetion conflictsamong
opposing user groups and the psychol ogy of thedif-
ferences. Turner discussed the cave permit system,
management classificationsfor caves, and the Trip
Leader Program at the Lincoln National Forest,
Guadalupe Ranger Didtrict. Thelast paper of the sec-
tion by White described the problemswith the man-
agement of karstin coastal aeolianiteridges (soft rock
karst) along the southern and southwestern coast of
Audrdia

Section 2, Management of Specific Caves, coversa
number of issueswith respect to the cavesof theNa
tional Park Service. Papersand abstractsin thissec-
tion focus on Coyote Cave in Wind Cave National

Park (Despain), Skull Ice Cavein Lava Beds Na-
tiona Monument (Fuhrmann), caveprotectionin Ten-
nessee (Garland), thedevel opment of acave potential

map for Wind Cave (Horrocks and Szukal ski), de-
velopment and management of Glenwood Cavernsin
Colorado (Koper), and the development of a karst

h
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education and outreach program at L eonard Springs
Nature Park in Bloomington, Indiana(Lindberg).

Other papersin thissection include adiscussion by
Meiman et al. on management issues at Mammoth
CaveNational Park. Richards presented adetailed
description of eventsthat lead to the selection of a
stainless steel culvert in LechuguillaCave. Werker
and Hildreth-Werker provided avery interesting pa-
per about the discovery of LaCuevadelasBarrancas
caveanditsintended useasastudy sitefor thedevel -
opment of astromicrobiol ogica methods.

In Section 3, Geology and Hydrology, Brown pre-
sented astatusreport on House Joint Resolution No.
161 that mandates karst groundwater monitoringin
the Shenandoah Valey in Virginia. Ek discussed cave
forming mechanismsand proposed acave geomor-
phic classification system. Another paper by Fagan
and Orndorff summarized Federal, State, and private
programs used to help protect and remediate karst
resources. Orndorff and Fagan, Peachey, and Serface
and Gilli provided information on asinkhole classifi-
cation schemedevel oped by the VirginiaKarst Pro-
gramof theVirginiaDivison of Natura Heritage, prob-
lemswith apokryptic karst in southern Arizona, and
paleosaismicity in cavesin Arizonaand New Mexico,
respectively. Trout developed amodel presentation
format to use when discussing karst groundwater re-
sources. Anoverview of thearid karst of Australia
with descriptionsof the Gregory Karst and Nullarbor
Plainisincluded at the end of the section (White).

The study of Biologica Resourcesasappliedto cave
and karst management is covered in Section 4.
Buecher reported on the emergence variation of the
cavebat in southern Arizona. Crotherset . described
anincidental takepermit of karst invertebratesin Bear
County, Texas. Other topicsof discussionincluded
therelationshipsbetween microbesandlimestonedis-
solution kinetics (Oakley et d.), cavesurveysinMis-
souri (Elliott), determination of microbia diversity in
caves by DNA fingerprinting techniques (Fowler et
a.), therecognition of wildlifeusesof cavesand mines
inthe Sonoran desert region of Arizona(Kingsey et
al.), and surface preserve size recommendationsfor

o

caveor caveclustersto help promote speciessurviva
(Arecaetal.).

The paper by Lewis concentrated on the devel op-
ment of anon-lethal method for estimating popula
tionsof thelllinoisCave Amphipod. Olsonand Sidner
discussed lamp flora and endangered bats at Fort
Hauchuca, respectively. White, Carothers, and
Berkhouse described the karst faunaregion concept
concerning invertebrate recovery in Bexar County,
Texas.

Section 4, GI S'Mapping, provided examplesof how
GI S mapping technologies are used to manage cave
and karst resources. Threeshort abstractsinthissec-
tion concentrate on light detection and ranging tech-
nology to assess impacts on the Tongass National
Forest (Baichtal and Langendoen), sub-meter accu-
racy of ahandheld GPSunit (Buecher), and theuse of
caveinventory systemsto manage caveresourcesin
LavaBedsNationa Monument and Wind CaveNa-
tional Park (Reece). Theuseof ArcView GISand
LANDSAT datahelped Lerch et al. assessthewater
quality of two karst watershedsin Missouri. A GIS
was used to create acave passage overlay for Jewel
Cavetoidentify passages beneath roads, buildings,
and parking lots (Ohms). Truebe describeshow ras-
ter format GI S can be used to devel op acartographic
model to aid inthe search for undiscovered caves.

Veni et al. reported on aGlIS model that was devel-
oped for the City of San Antonio. The model was
used to identify tracts of land to purchase withinthe
rechargeareaof the EdwardsAquifer. Geologic (land
dope, faults, caves, snkholes, andlithology), biologic
(endangered speciesthat included karst invertebrates
and potential bird habitat), and watershed surrogate
(property size and connectivity) datalayerswerein-
corporated into themodel for subsequent analysis.

Four short abstractsare presented in Section 6, Toxic
Materialsand Air Studies. Subjectsof interest in-
cludetransport of Atrazine by suspended sediments
inMammoth Cave (Anderson and Meiman), public
concern for the proposed Kentucky Trimodal
Trangpark located between Bowling Greenand Mam-
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moth Cave (Glennon et d.), contamination at the PanamaRanch Garbage Dump Cave (Hansenetd.), anda
spill retention and runoff filtration structure along I-65 near Mammoth Cave (Ol son and Schaefer).

InReview:
Proceedingsof the 2001 National Cave and Karst Management Symposium
G. ThomasRea (ed), USDA-Forest Service, Coronado National Forest, 194 pp.

Reviewed by David M. Bednar, Jr.

| dentification of rapid groundwater flow to the contaminated

municipal wellsin the karst aquifer at Walkerton, Ontario
by Steve Worthington

Walkerton is a rural town of 5000
people in south-west Ontario. It’s
about two hours drive from
Toronto and about three hours
from Detroit. Attheendofalong _ _ «

news headlines across Canada
when many people became seri-
ously ill. The town’s hospital was
soon overwhelmed, and for the
news media and many Canadians
the defining image of that time is

critically ill patients being evacuated by helicopter to larger hospitals. It was soon discovered that the
municipal water supply was contaminated, with E. coli O157:H7 and Campylobacter jejuni being the
principal pathogens. Seven people died and more than 2000 became ill in all, and three years later many
people are still chronically ill.

The provincial Ministry of the Environment ordered the town to carry out studies to determine the cause
of what became known as the Walkerton Tragedy, and a public inquiry was organized. The town had
been using three wells, Wells 5, 6, and 7. Well 5 was found to be highly contaminated with bacteria and
was taken offline, but the other two wells also had bacterial contamination some of the time, and so it
was unclear which of the wells had been the source of the contamination. Well 6 was also later taken
offline and decommissioned.

Matching of the bacteria in the human cases and in cattle on nearby farms showed a match between
about three-quarters of the human cases and the cattle on a farm close to Well 5. In the summer and fall
of 2000 a hydrogeological investigation was carried out for the town of Walkerton. This included the
drilling of 38 boreholes, surface and downhole geophysics, pumping tests, and the testing of numerous
samples for both bacteriological and chemical parameters. The two reports produced on the hydrogeology
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totaled some 900 pages.

When | first heard about the contaminated water supply at Walkerton my immediate thought was that the
aquifer was likely to be limestone or dolostone, since this sounded to be a case of unanticipated rapid
karstic flow. On the Tuesday after the May long weekend I checked the geology maps of Walkerton, and
was rather puzzled to find that the valley that the town was situated in had about 50 m of overburden
above the bedrock. | mistakenly assumed that the wells were in that overburden.

Several months later Chris Smart told me that he had been contacted by the hydrogeology consultants
since they were considering doing tracer testing. He had learned that the wells were outside the buried
valley, that they were in limestone and dolostone, and that there was a spring close to one well. 1
obtained a copy of the main hydrogeology report, and found that the bedrock aquifer had been assumed
to have a porosity of 5% and to behave like a porous medium. Numerical modeling based on these
assumptions showed that groundwater flow would take about a month to travel 200 m. However, if the
aquifer were karstic then groundwater velocities could be much faster.

Meanwhile, in October 2000 the public inquiry had started. It heard evidence on many possible contrib-
uting factors to the tragedy: how the provincial government had cut back on water supply inspectors in
recent years, how inspectors had found earlier that there had been occasional problems with bacteria in
the wells, how the directors of the water utility had little awareness of the problems with the water
supply, and how staff had failed to keep adequate chlorine residuals in the water supply.

I joined the team helping the citizens’ group, Concerned Walkerton Citizens, at the Walkerton Inquiry. In
February 2001 I drove the two hours from my home to Walkerton to help with cross-examination on the
hydrogeology evidence. My first surprise was to find that the spring only 20 m from Well 5 was flowing
at the high rate of about 20 L/s. Clearly this drained a substantial area, and rapid flows through the
limestone bedrock to that spring would not be unexpected.

I was even more surprised when | visited Wells 6 and 7. These two wells are 350 m apart, and | found
there to be a substantial spring midway between them (Figure 1). The hydrogeology evidence was
presented on February 28 2001 by Dr. Robert Gillham of the University of Waterloo, who had been
retained by the Walkerton Inquiry to present and explain the hydrogeology evidence. Dr. Gillham stated
that he had no doubt that the bedrock aquifer at the Walkerton wells was karstic.

Clearly more work was needed on the implications of the karstic nature of the bedrock, and in the spring
of 2001 Chris Smart, Wilf Ruland and | gauged spring discharge and chemistry, conducted downhole
conductivity profiling, and analyzed existing data from a karst perspective. In particular the existing
downhole video and flow meter data were invaluable, showing that there were discrete inflows to the
wells on just a few bedding planes. Horizontal video shots on some of these bedding planes revealed the
water to be flowing into the well from elliptical channels a few millimeters to a few centimeters in height
- exactly what we expect in karst.

We wrote our findings up in a report and | presented this at the Inquiry in July 2001. What was missing
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from our work of course was any tracer testing since we had not succeeded over the previous several
months in obtaining permission to conduct any. All I could say at the inquiry was that all the evidence
pointed to the aquifer behaving like a normal karst aquifer and that groundwater velocities were likely to
be far faster than the porous medium model had indicated. The implication of this was that the patho-
genic bacteria could have come from a much broader area than had been indicated by the numerical
model. Of particular concern was the source for the one quarter of the human illnesses that did not
match the cattle from the nearest farm.
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In October 2001 the tracing was carried out by the town’s consultants, with input from Chris Smart and
myself, after the local health unit had approved the use of two non-toxic fluorescent dyes, uranine and
eosine. Eosine was injected into one well and uranine into a second. These wells were 100 m and 350
m, respectively, from Well 7, the pumping well. The prediction from the numerical model was that
groundwater velocities to Well 7 were about 200 m per month.

I had suggested at the Inquiry that the effective porosity of the aquifer for transport (i.e. the porosity of
just the conduit network) was likely to be roughly 0.1% rather than the 5% used in the numerical model.
If this were so then tracer velocities would be about 200 m per day, and this turned out to be close to
measured velocities. The eosine from the 100 m trace arrived after five hours and peaked after ten hours
and the uranine from the 350 m trace arrived after 26 hours and reached a peak after 2-3 days (Figure 2).
Calculations showed that these rapid velocities indicated that channels at least several millimeters in
diameter must be continuous over distances of at least hundreds of meters, which of course is exactly
what Kkarst theory suggests.

Hopefully one legacy of the Walkerton Tragedy will be a greater awareness amongst hydrogeologists of
the occurrence of rapid groundwater flow in carbonate aquifers.

Geo? Vol. 29 No. 3-4
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Proposed Program Schedule of the 2003 NSS Convention
Cave Geology and Geography Session

13 Poster papersto be presented Monday, 4 August 2003:
America'sNational Caveand Kar st Resear ch I nstitute 2003: TheGearing Up
Phase. Louise D. Hose, Zelda Chapman Bailey, LewisL and, and Penelope
Boston.

Genesisand characteristicsof Tumbling Rock Cave, avalley wall conduit in
Jackson County, Alabama. PatriciaN. Kambesisand Ira D Sasowsky.

Genesisand sedimentation of Windy M outh Cave, West Virginia. Megan D.
Curry, IraD. Sasowsky, and David A. Shank.

A hidden speleothem: elongated concr etionsin Colorado cave sands. Donald
G. Davisand Frederick G. Luiszer.

Subterranean soil development. Michael N. Spilde, PenelopeJ. Boston, Diana
E. Northup.

Applying statistical analysisto cave mapstoinfer controlson conduit
development in the Edwar dsaquifer of central and south Texas. AdrienL.
Lindley and Susan D. Hovorka.

Guadalupian speleogenesisreinter preted: new modelsfor old holes. J.
Michael Queen.

TheEgemeyer M odel meetshot air: avadose convectiveair-cir culation model
for thedevelopment of boneyard, ceilling pendants, lofts, blind pockets,
vents, rimsand scallops. J. Michael Queen.

Consequencesof low pH, cave-wall condensation and biofilm development to
sulfuricacid speleogenesis. Annette Summer sengel*, Libby A. Stern, Philip
C. Bennett.

Annual banding in small columnar stalagmites. Victor J. Polyak, JessicaB.
T. Rasmussen, and Yemane Asmerom.

Cavingon the San AndreasFault: taluscavesin PinnaclesNational
Monument, California. BruceW. Roger s, Joel Despain, William Frantz, and
John Portillo.

A preliminary mineralogy of taluscavesin PinnaclesNational M onument,
Paicines, California. BruceW. Rogers.
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Extraterrestrial cave-forming mechanismsPenelopeJ. Boston.

16 Oral papersto bepresented Wednesday, 6 August 2003:
0900-0920:  TheNational Caveand Kar st Resear ch I nstitute: how will it
addressitsscience mandate? L ouise D. Hose and Penelope Boston.

0920-0940:  Origin and mineralogy of atectonicrhyolitecavein Big Bend
National Park, Texas. Geor ge Veni.

0940-1000:  TheCarbonatelsland Karst Model asapplied to Rota (L uta),
Tinian, and Aguijan I ands, Commonwealth of theNorthern Marianaldands.
T. Montgomery Keel, Kevin W. Stafford, John E. Mylroie, Joan R. Mylroie,
and John W. Jenson.

1000-1020:  Eogenetickarst development intheMarianaldands: Aguijan,
Rota, and Tinian. Kevin W. Stafford, T. Montgomery Keel, John E. Mylroie,
Joan R. Mylroie, and John W. Jenson.

1020-1040: Break

1040-1100:  Paleosolsand Paleokar st: A Key to Paleoclimate I nter pretation
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