Laboratory and I'ield Evidence
for a Vadose Origin of Foibe (Domepits)

By Max W, Reams?]

Wrth 6 fipures in the text

Introduction

Foiba {plural, foibe) is a term applied to natural, vertical wells and
similar nearly cvlindrical cavities in the northeastern Italian karst
region, the Carso (11 Novissimo Melzl, Srcientifico, 1954, p. 505;
Institute Geografico Mililare, 1924, 1930; Lueciano B. Ronea,
peraomal eommunication, September, 1962). Foiba ia defined in the
present paper as a ravity in relatively aoluble rock which is natural,
gelutional, tends toward a eylindrical shape, and possesses wallz nor-
mally approaching verticality. This definifion is used because it is
deseriptive but posseases genctic connotations aulficient to associate
it with a karzt region and to further distinguizh it from some features
in caves formed under phreatie conditions or by eollapse. Foibe exist
with or without direct openings to the surface.

Fuibe have been reported from the various karst regions of BEurope,
Central America, and the United States. The names applied to theae
cavilies vary from region bo region, e.g., trojes and tecontles in Mexico
iMeAllister and Hernandez, 1945, p. 60-62, pl. 12, 20) and domes,
pits, dome-pits, domepits, pitdomes, vertical shalts, chimneys, natural
wells, and wellzs in the United States (Davies, 1950; Davis, 1%30;
Merrill, 1960 Pohl, 1935; Watson, in preparalion). Some of the
*“nlls” in the karst of the Carboniferons of England may Dbe foibe
{Charles 5. Hutchison, personal communication, Oetober, 1963} and
the korstovyi shakbhta (“karst mines” or karst shafts) of the Crinca
may alse it the above definition (Ivanov and Dublyansky, 1954). For
the salee of uniformity, it is suggested that foiba become the accepted
seientific name applied to all sueh related cavities,

The only area in the United 3tate: where foibe have been well
studied is the eentral Kentueky karst region (Pohl, 195%; Merrill,
19609, The foibe in thiz area range in height up to 73 . and are
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generally restricled to the edges of NDut-topped ridges capped by
sandstone and shale and onderlain by several hundeed meters of
Misgizsippian {(Lower Carhenifoeons) limestones, The walls of these
fribe prssess verlical Tapies, and fossils stund 1o eelief, Witer from the
surface 12 supplicd to these covities from zinkholes, ravines, ete.

Most workers agree that Wentucky Toibe are the product of vadoss
solutiom along vertical fraclures or intersecting lracturea. However,
there iz considerable dizenssion coneeening the exact way thiz enlarge-
ment takes place. Twa hasie views are currenlly under consideration
and o thimd, propezed by the author, 15 elucidated;

1, The upward extension theory, This view holds that Toibe
formn near the walee table and expand upward and luterally, with
litd)e downward expansion { Brucler, 1960, and in preparation).

2. The downward exlension theory, This view is based on Lhe
coneept that fuibe arce dnitiated above the water table and expand
dewnward and Iaterally with little npward develapment (Mernll,
05 Tohl, 1955),

d. The lateral extenzion thoorey, This view, praposed T the
anthor {Reams, 196345 196300, postulates Lhal Taibe develop by luleral
expaosion of joints, beneath loss soluble lovers, contemporancoeusly
frome nene the surlace down to tle water table.

The purpose of Whis paper 35 Lo present o body of evidenes drawn
[rom laboratory model stodies field observations, and water analyses
in suppart of the lateral extenzion theory.

Experimental Evidence

Previens experimental work concerning [oibe was done by Saint
Wineent {1519) with water directed onto s siear enbe, and by Maunier
(le7h, 1899 who used hvdeocllovie acid directed onto limestone
bloeks. Menniee’s medhod was meomplelely deseribod and his resulis
arve difficull tooinderpeet, When experimenting with solutional forms,
Lhe detailed methods used will greatly inlluenee the shape of the cavity
produced. For thizs eeasen, eonsiderable pare must e taken wlhen
sobting np experiments, and in orecording data as Lhe experiments
prrovend. Tlhese fwa pomts musl e considered when iolerpretations
wee mosnle, Stilarities between the mode] and the notural object mean
little unless Lhe enviennment which prodoeed the model approached
Lhe natueal envieonment.

The limestene chozen for meszt of the experiments n the present
sludy waz the Loaverwortl Momber of the Oread Formation of Penn-
sylvanian (Uppoer Carboniferons) age, Thiz unit waz chosen beeanse it is
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densge, massive, and readily aceessible. The insoluble residue content
18 approximately 10.5 per cent, sufficiently pure for the purpose. The
acid used was usvally hydrochlorie diluted with distilled water to o
ratin of 1:250 by volume, Many concentrations of acid were tried and
il was found that 1:250 was nearly ideal for the siee of blocks used
and the time desired for the experiments Lo reach completion,

The limestone was sawed into blocks of a conventent size, usually
315 e The sawed hlock was clamped fiemly to s stand 2o that
the flat, front face was normallv vertical. This face simulated a joint
plane, The dilute acid wus siphoned from a container through Tyzon
tubing to a glass tube where the acid deipped or flowed onto the edge
of the limestone bloek and down the front face, A clamp contealled the
rate 0f flow, The base of the block was immersed 1o o bath of circulat-
ing tap water to simalate o water table. Another Himestone block was
submerged in the water to help negate the excess acid and prevent
side offeets on the baze of the Block being treated (Fig, 1) The ex-
periments nsually lasted frem aboul one day to one week of dissolving
time, The rates of flow of dilute weid ranged Trom about two liters
per day to one Titer per hour.

Fig, 1, Laboeatory apparalos used in simuolating foilwe [see text for explana-
tion].

Many variations rom the above method were emploved, ez, vertical
grooves were et into the front faces to simulate intersecting fractures,
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bt the resulling cavities were nearly identical to models starting
with ungrooved froot Tuees,

The main objective of the experiments was Lo find the renson for
the remarkably vertical walls of foibe studied m the United States,
T tezt the prevuiling thought that a thin il of water descending
foiba walls was the netive agent, the elfectivenrss of such a [ilm of
waler to dissolve vertical walls was determined. A fattened wloss tuls
was used Lo spread a filoy of acid sver s wide aren of a block. No waler
bkl was wsed in this nstunce, Az the mestone was dissolved, the
glass tube was moved to keep the Hgoid flowing constantly over the
Face af the block. Dripping the solulion onto the Tace was avoided as
ook as posaible, The slowly moving film of weid dissolyved the mosl
aizeeptilde arens and. consequently, remnant, jagged ridges stood in
relief. There is o veey elose resemblance hetween this model and
solubional, jagged ridges formed in eaves by sionilar peoceszes,

Lo the carly stages ol development in the above muodel, it was evident
that more roek was being dissolved froon the wpper park of the cavily
than the Tower parl (Figo 20 Tlhe wall of the final cavity deviated from
tlie oeiginal vertical by several degreers.

Fig. 2. Bxperiment testing the effecl of o film of solvent onoa smooth
verbival Tace, Note the ermoant, jagered ridges.

Tor Further tezt the procnss of solution by a selvenl filne, bwo grooved
Blorks were clamped with grooved faees together and placed in g
vertical position. A ring of vaseline was Tormed on the top surface of
the joined Blocks to direct acid into the prepared hale, The resulling
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cavily was widest at the top and decreased in siee toward the hottom,
The geomeley of this cavity strongly resembled “cultors.” Cutters are
solutional sinkholes wilkiout surface cxpression which aee foemed Ty
enlargement, of jointa (loward, 19633,

A thin solvent film of acid produces o cavily shaped 1ike a sinkhole
or i muodel with slanting walls. Therefore, seme olher agent, must be
responzille for the nearly verbieal walls of foibe, To soe il a less solulile
Fayer conld ponteol water ow wlong o fractare, a glass slide. simulating
i laver of chert op shale, was placed oo the Lop surface of the model,
tlush with the Broestore Baee Acid wis allowsd to Tall, deap b dreop,
onto the edre of Ul Nat shide while the acid souece renained stabiomary.
TTe shide broke ap the individoal deops and canzed the acid to reach
the face of the limestone in somewhat dispersed denplets, After
comtact, the acil ran down tho faee of the block inoa thin steeam.
A hall-dome shape developed just under the slide, Teeland (1855) has
shown the impoetanes of surfacer tension i similar genlogio situatinons,
The etehed wull which developed belew the slide beeame o nearly
vertieal Taee,

Al the beginning of the above experiment, the area just below the
slide was Lhe most vigneously attocked becanse Uhe deap firet tonehed
sobuble material Lhere, The selution was least sobueoted and the
velarity wits higlwst al thal point, Kaye (1857) and Weyvl {1938) have
shown that the rate of solution of caleinm parbonate inerenses linearly
witll inereazing veloeitv. Az the npper area was eeaded back it received
lrsz ol less salvenl and Lhe avea Tarther below wus the mosl vigoronsly
allacked. As this lower arew was epaded hack, b too received less
loguid and the area below it in Buen was the sl vigorously attacked,
e, The end result was a vertical wall

Vertical wulls may also Le produced in Inboratory medels by re-
moving the glizs slide from the top surface and clamping the gluss
Lube in a statienary position throughont the experiment, The broader
paerl of Bhe eavity i at the top of the model duriog Lhe initial stages.
As the experiment proceeds, Lhe upper area does nob increase in size
becanse the acid falls to lower and lower levels before encountering
the limestone. The end result iz again o verlical wall.

The same effectz and result are obtained 7 the Block is tilted to
simulate dipping heds (Figo 3. Lowering of the most aclive area of
salutiom wives the illusion of & lewering Aooe level. A hetter idea of the
provess iz illustreated by the cross-section of the block model in
Fipure 4,

Fram the above experiments it beeomes elear that water in Jree
tull {dripping, ete.) is necessary for the develapment of vertical-walled
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ravities in relatively soluble rocks. 1t seems that dripping water can
be a permanent feature in natural cavilies only if a less soluble layer
is present to restrict Qow. The walls of o cavity developed helow a less
soluble layer are probably not vertical during incipient stages but are
tilted at a slight angle from the vertical, thus forming a very steep
funnel reaching to the water table, This concept is consistent with the
findings of Howaped (1963} concerning eavities formed beneath less
aoluble lavers, If the rock sequence is intermpted by other less soluble
layars, temporary foiba floors will be formed. Otherwise, the {loors
only form near the water table,

Shortly after inception, the walls of the solutional cavily should ap-
proach verticaliby quite rapidly alter dripping water beeomes dominant,
and maintain this angle during most of the cavity's life, Dripping water
will be the contealling factor as for s the wall angle 1s concerned. How-
ever, differential solution peoduces irregularities in the wall,

Na definite limit ean be placed on the required diameter of a cavity
before vorlical walls will heenme dominant because of the variability
of quantily and quality of water entering the cavity and varialions in
lithology, However, field evidence indicates that less than a meter
wiounld he the correct order of magnitude, provided a cavity does not

beeome clogred with debriz
introduced from abuve,
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Fig. 3, Experimenl Lesting tho
nlfectivenesz of o solvent deip-
pingontoa Ll zarface. Note
that the cavily sleps at the
water level Itemnant rock ar-
chesconeeal partof Ehe cavily.
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Water-Sample Evidence

Water-sample data from foibe in central Kentueky and central and
sonbhern Missouri provide interesting contrasts in water chemistry
i('Table), However, the variations betwern the bwo regionz are not as
pronomneed as might appear on corspry examination. Anoual vari-
ations are very important in the interprelation of cave-wiater chemis-
try, as sugeested by Moore (19062, A detoiled study of annual flucto-
atinng {Henms wnd Vineyard, in preparation) will s in the clavifica-
tion of the effeets of climate, moeralial activity, and taoperatioee on
cave-water chemistry, Holland, et ol (154 have diseussed the general
ehemistry of water in caves.

The Fentucky samples were taken during a celatively  meist
sumter, Such samples were of lower eancentration with respecl to the
principal jong of cave-waters than were samples taken in Missouri
foibie, The prioeipal wos in karst waters are: calemim (Catt), magne-
sium (Mge+), and bicarbonate (HCO ) The Missourl samples reprezent
two elimatic apposites: celd, wid-winter weather and extreme drooght
during woarm, late summer. The contrasts belween the bMissourd
samples are strilking, The coneenteatinns of the principal ons are
rech Ligher in the late summer samples than the mid-winter samples.

Duving hot, drey conditions, the only souress of waler Tor foibe,
which veach elase ta the surface in Mizssouri and Kentucky, would be
soll moisture brought down by
pravity wd waler from springs

riging from higher units, The latter | |
case 15 very important in Ken- 5
tucky and may be in Mizsourd =
{Jeery I Vinevard, personol com-
taunicatinon, Deeember, L) :

Water brought down as soil
moisture under drovght econdi-
tiong would be extremely high in
carbonieacid {HLO0 b and its tins,

= it IR

Fig. 4. Lross-gection disgram of o

vertival experimenlal model. The

dotied line outlines the cavily. The

XY marks the point where water

presenlly strikes the limestone. The _|

water level is marked by the dashed ol
Tt
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Table. Analytical waler saniple data exprezsed in parts per millivn anl temprraturs
ari from

Sample ;"’:']'.1' Pl e :‘L'lg*"“| Nat | K+ | Ser | TI00,7 [ By
Numbor i BN et Rl I K I o 109, | 1%, | =&
1 1.5 | 755 | 316 a6 2.3 1.4 105 G
] 14.58 7.7 4 21 Al 0.7 1:2 1.4 10 |
3 125 | 7.6% | 28.7 9,49 1.4 1.4 o3 64
5 h | 7.70 | 308 o 1.3 1.0 12 7.4
i 1.5 | 752 | a5 14 1.0 114 .4
3 10,5 | 7.63 | a1 7.4 L3 0.5 Lk B4
7 10s | Tan | ans 5.1 1.5 1.0 R [
# 1.0 7.80 BRI d.H 1.5 .4 (N2 I, K
5 11.5 | 7.60 | 296 O 0.7 0,3 12 4.0
1ii 115 | 790 | a0l 5.1 0.7 0.5 L6 5.
11 110 | 7.66 | &0.4 34 i3 05 114 Bl
12 10,5 | 761 | G54 6.1 075 | 0.8 19 74
15 97 | Tks | wwod & 1.0 L.l 1% 1.8
14 11,0 | 763 | 474 1.5 L 108 L5
13 10.0 | .60 | 434 7.0 1.4 L 105 LG5
16 wo | o6 | oara 7.3 1. L. 111.5 | 142
17 10,5 | 7.61 | 470 T 1.4 L 11 Ry
15 12,4 | 7.7% | a2 3.0 1,2 .9 13 04
uy 130 376 atn 1.8 G i |] 114 1.9
20 1.0 Tl G514 L) . 1.4 | 112 il
14 120 | 776 | &0 6.1 3 11 1 T
Pk 130 i LI a0 1.4 1.4 1004 | 8 T
23 g L T a1.4 L) q:a8 T 111 o2
a4 125 | T.9% | 30.3 b4 1.4 4 104 5.2
47 11.2 133 Hia 5 [ERY) (.5 1012 S
g 1.2 | 7.80 | 335 J2 0.7 0.1 103 2.2
25 1. .70 W En 206G [ Ny 1025 UG
@ .0 | 760 | 277 A 03 5 BE.G | O
a6 16 a5 | ikG il 163 ol
5.5 o 14 50| 1.0 S0 164 H
14.5 q% a7 .5 | 1.5 il k] 17
L. 44 20 15,0 1.0 i 1 14
3.4 | 39 25 | 20 1p | 0 19 | 13
Iadr | 764 Gl
121 T.0H e
121 T.7h alb 32 M1k
120 | 7.7 | 94 70 fa
L - R I 31 264
1o | 7u BT




Speleology [ Boeams 381

in degress centizrade. Bamples 128 are Teom central Kenloeky and the remainder
Mizzouri
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due to leng contact with the high carbon dinxide atinospheres seenering
i soils [Haem, 19535, po 76}, This exposure conld aceount for the higher
concentrations of principal ions in the Miszour samples. The other
Mizsouri foiba samples, Laken during cold conditions, show faidly high
concentrations of the principal ons, which prebably results from
extended contack with the soil, In this case, the #oil ne doubt contains
leas carbon dioxide due to low microbial aclivity, as suggested by
Movee (1862,

When foiba waters are compared with mores coneentrated cave-
waler samples taken in Missoued from walers depositing speleothems,
it can be seen that the foiba waters have had less eesidenee tinwe in the
zomie of aeration. This evidence lends support to the idea that metenric
water moving quickly through the vadese zone is responsible for
tuiba development.

Field Evidence

Foibe develop in diverse geographic and gealogie wreas o the
United States, Three areas will be discussed Lo show some variations
and the unilving similavities displaved by foibe. These areas are:
central Bentucky, contral and southern Missourd, and soulh-rentral
Kansas.

The foibe of central Kentuclky have been the most extensively
studied i the United States. The principal contribotors have been
Brotz (1942), Drocker (1960, and in preparation), Mereill (19604, Pobl
(1965), and Watson (in preparation). A summary of theie findings
appeurs i the introduction of this paper, The writer (Heams, 19334,
19830 has cmphasized some facts concerning Lhe {foibe of this area
which have recoived little altention. The eeilings ol foibe i central
Ientucky are nearly flat and the longitudinal middle axis i usoally
grooved by oan upside-down, meandering channel along its entire
length. Most foibe are noticeably elongated along Lhe longitodinal
axis, but are quite norrow ab right angles to this axis. The elongation
has Leen considered o be the reaull of serial roalezeenee {Pohl, 1955,
Merrill, 10605 DBroueker, 1960, and in preparation). However, the
eeilings are nearly ab Lthe same alevation throughout the entice length,
Fach foiba secems to be one genetic unit, although o type of serial
development may have oceurred in some rases.

Waterusually enters foibe at only one end of the elongated cavity and
exits through o small lateral deain or hale in the Qoor. The wet end of
the [oiba usnally iz directed toward the souree of water, The Big Clifty
Sandstone contains a perched wiater tuble wlich provides a year-round
source of water for [oibe located below the sandstone outerop on the



Spelealogy T Reams and

edges of lat-lopped ridges (Philip M. Smith, personal communieation,
Drecemnber, 1062), Except for the end where water enters, maost foibe
are relatively dry.

Mereill (1960, and personal communication, Janwary, 1964} has
verified the presence of Lwo or more foibe one on tap of another,
“hourglass' stvle, wilh less soluble chert heds, siliceous coral 2ones,
impure limestones, and dolomite units intervening belween them, A
less zolulile unit thos forms the floor for one foiba and the ceiling of
the foiba below it Floors also form at the water table or may be left
above the water table as a result of recent lowering of the zone of
saturation.

In order to maintain a vertical-walled watertall, it is aceepled geo-
murphic theory thal a resistant layer i3 needed. Tt seems cloar that
maost large contral Kentueky [oibe are the result of undergronnd
waterfalls (used in the broad sense) which begin when seeping water
opens o joinl below a less soluble laver. Thisis followed by enlargement
and clongation by water dripping from the less soluble laver at the top
of the feiba: Water may move vertically through sinkholes until o less
soluble layer is reached. Movement would then he lateral, along cetling
channels formed during a prior zolutional epoch or as a result, of the
lateral movement ol the waler presently under consideration. In
either rase, the eeiling channels are probably controlled by froctuces,
Water travels theongh the channels unti] fractures in the less soluble
luyers are reached. The water then proceeds to dissolve the under-
Iving limestone, A less soluble laver becomes an overlanging lip which
s undepmined in much the same way o Nisgara-lype walecfall
wigrates upstream. Some foibe that are not clongated may be ted by
witker which is nob diverbed laterally,

Bretr (14942) propozed o somewhat related theory which utilized
celling channels as paths along which water could travel and Torm
foibe by coring oul lacge blocks and allowing them to fall into o cave
pazsarn. There 1s litlle evidence Lhal coring iz an active proeesz in the
development of Kentueky foibe (Pohl, 1933),

The foibe of central and seuthern Miszouri are developed mainly in
Mississippian (Loewer Carboniferous) limestones, although seme form
in Ordeviciun dolomites, The dulomites ace capped by a thick resistant
sandstong caprock. Cheet lenses oceur through the linestones and
delomites and fopm the ceilings, and frequently the floors, of all the
foibe that the author has studied, Deike and Daike {1954) noticed that
the foibe in o eave in Mississippian limestone in central Missour
possessed chert cellings. Water is directed onto the lower parts of
Missouri foibe by the chert Jayers so that nearly vertical walls are
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produced (Fig. 51 Foibe in Missouri ravely exeecd 25 m. in height and
maost are net over & few meters high.

Fentueky fuale bear almost no genetic relation to horizontal cave
passages and intersecl cove levels at randomly distributed pointa, Foibe
in Missouri van be ronghly divided into theer groups: (13 thoze which
mbopsect the cave levels predominantly in the ceilings and are aszociated
with ceiling coneavities, (23 those which inlersect the cave along Lhe zide
walls, and {3) those which are separated from the main cave passages
by long, low, water-filled passages, This grouping is only for the sake
of dizenssion and bears little relationship to any naloral, genetic
divigion.

Fig. 5. Looking almost veetically upward into a Iniba developed i Ui eeiling

of o Missowri cave, The buse of [he foiba is about @ meter fong. Note Lhe

chiert coiling and the cheel proteodiog al the base of the ity A vertical

Joint baecls the foila and cherl langibwlinadly. Water drips through o hole
in the upper cherk layer inta the foiba.

The first group uenally seens Lo foem by a combination of plieeatic
and vadose processes. Fluebiming waler table ponditions luve prol-
ably filled the cave passages with water from tioe to time, eoliaeging
prominent jointz in the cave eeilingz. Such easily opened jointz weee
alan euwsv paths Tor vadose swoter Lo peeeolate down aod enlarge
cavities to forme verfieal-walled fo1be below ehert layers, Joints seem
to penetrate the chert Tavers in most cases, The second group s
itialed alost exclusively B enlargement of joints Lelow chert
lavers and probably have not been effected by s Duetualing water
table to such w degeee az those Toibe inogronp one. The thied geoup is
laege (Jerey U Vineyard, personal cotomunication, Auguet, 163 and
capecially interesting. The only diffeeence belween Lhese and other
Mizsourt forlwe 35 their inaceessibility, These foibe are no doabt joinl
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enlargenients below chert layers, The small pussages by which the
third group is reached are probably the drains of the respeelive Toibe.
Brucker {1960, and in preparation) postulated that lateral drains of
foibe in central Kentueky, upon lowering of the water table, dried out
and hecame new dendeitic eave svstems, The validity of this eoncept
for foibe in central Kentucky and Missouri iz uneertain and will
require extensive field mapping to test its likelihood. The author
favors the view that foiba druins are primarily recent additions to the
much older cave systems. The [urmation of Missouri foibe may be
conzidered o be the enlargement of joints under cherl layers by
deipping and Aowing water. The foiba Qoors are formed by intersection
of chert layers or the water table, while some foibe are terminated by
interanction of cave pazsages.

Breetz (1956) postulated a eoring theory [or foibe in Missouri similar
Lo that suggested for Kentueky foibe {Bretz, 1942). This hypothesis
has been replaced (Bretz and Harriz, 19613 by a joint-enlargement
theary similar to Pohl's (1955) and the theory presented hece, ot
without the importance given to the presence of a less saluble layer,

Fuibe in Kanzas have only recenily been studied [Reams, 1064),
These eavities are found in the caves of the two main Karst aveas of
Kansas: (1} the vulerop area of the Fort Riley Limestone (Permian) in
southeeentral nnsas amd {2) the outerop area of the Permian gypsum
anils 150 kme or more bo the southwest, The Fort Riley Limestone is
very eavernons and contains caves of several kilometers in length.
The unit is nob as thick as most kaestie limestones, and no Toibe
could be expected to be higher than the maximum thickness of 15 m.
(Moure, el al. 1981, p.43=46), unless collapse of lower unita would
allow extension downward, The foibe in the Fort Riley Limestone
geeur in the center of cave eeilings along the same joints thut control
the vuve passages, which are among the most striking examples ol
joint conlenl the author bas seen, These feibe are very similar to
aroup one of the Miszouri Toibe, Fort Riley foibe blend inlo ceiling
cavitios formed by @ Mluetnating water tuble in an even more striking
wity Lhan do the Mizsouri foibe, The largest foiba seen by the author io
fansus is about 35 me high, These larger Toibe must eeach very near
the surface Loeause the caves are al shallow depths, Foiba flnors are
farmed by less soluble layers or the cavities inlersect tave pussages,

The gypsum eaves in Kansas are much shorter (usnally not oyer a
few hundred metees long] than the limestane coves and aee Toeated in
a more arid region. Foibe are mainly found developing on the sides
of steep, collapze sinkholes leading into the caves and are not necessar-
ily directly joint controlled, They range up to 3.5, in height and form
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below minor, less soluble layerz in the gypsum (Fig. G). Their walls,
lile those of Iansas [oibe formed in limestone, are grooved and japeed,
Thesze foibe act as small feeders for the intermiltent cave streams.
Foiba floors form by intersection with
thewalertable {cave stream), or other
leas soluble layers,

Diripping water was suggested az a
mechanism for foiba development in
anhydrite in Mexico by MeAllister
and Hernandez {1945, p. 62).

Conclusions

TFoibe in various regions seem to
display two common [eatures: {1)
they have nearly vertical walls and
{2 they form below less solnble layers
which serve to limit water Tow to oan
area immeadiately below, and there-
fore allow deipping and pouring wa-
ter to plane off the walls, producing
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Fig. i. Foiba forming in the wall of a

collapse sinkhole in gypsum. Note the

Irssacduble layer at the top of e oiba.

The lrse 35 nhaewred by fallen blocks,

The total height. of 1he Feiba is about
3.5 meters,

o unusual verticality, The floors are formed by less soluble layers
or at the water table, or no floor may exist due to intersection
with a cave passage, Experimental laboratory models support this
reasoning. The elose association of joinls bisecting foibe and the joint
conteal of foiba water supplies lend support to Joinl expansion from
near the surface Lo Lhe water table by vadose water as a most tenalle
theory.
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Speleology I Rewns

ABETRACT

Faiba {plurcal, foibe] is a teem derived Trom the aortheastern [alian karst
ceprion, The word iz here soggested for use in preference to olher terms
refereing to verlical cavilies in solubile rrcks. Foiba is defined as @ cavity in
relalively soluble rock which s nadueasl, solutional, tends toward a cylindrical
shape, wiel posseszes walls which nermally approach verlicality.

Lo loboratory expoerimenls, lnestone blocks woere ieeated will alilule
bydenchloric acid, and cavities resermbling foile were peoduced. Vertical
wills developod only when a less seluble layer capped the limestone block
or when the acid souees was stationary, allowing acid to drip Lo the arey
directly below,

Waler analyzes fram foibe in cenfral Kenbueky and Missouri indicate
that the waler has had lesa eegidence time in the gone of aeeation than ofher
walnrs prreolating through the rocks and enlpring the saves.

T cenlral Kentueky, foibe seem to be developed by migealing wnder-
geound walerfulls held np b ess soluble avers or by owater maving directly
dnwn jointz below loss solulde layers. T Missouri, foibe are lormed by joint
enlorgemenl below cheet lavers. Those Foibe o the coilings of caves are
complicated by ihe enlargement of the lower part of the joints by cave
streams doring fluctuating water Gable comlilions. 1o limesione caves of
Iansas, foile are formed inoa similar manner as in Missaoreic The failee of Ahe
gypsum caves of Kansas are Moemed maialy on the sides of steep collapse
sinkholes and lack joint control although ey form beneath less soluble
lavers in the gy psm.

Dreipping water is necessary Toe L development of vertical wualls by
solntion. Less zoluble lovers seem bo be Uwe unigqoe Teature which allows
waler Ledeip and poue inte foibe,

The flooes of foile are Toemed by less goluble layers ve near the waler
table. [T foibe interscel previoosly Teemned cave passages, no Ooors may
develap,

AUSAMMENFASSUNG

Foiba (Mehrzahl, Foibe) st eing Bezelchnnng, die aus dem pordisUichen
Teil des ilalienischen Karstpebirges stamm b, Dieses Wort wind hier andepen
Bezeichoungen gegeniiber, iz sich aul veetikale Lacher in Tislarem Gestein
bieeiehien, beverzort. Foibin st oin Loch in relaliv ldzbarem Gestein, nutiir-
Tiel dureh Lisung geloemt und von sylimdriseber Gestall. Bz hat Wiinele,
die in natirheher Weise YVerlikalhitil anstreeben,

In Laboratoriumsuntersechungen wieden Kallksteinblieke mit verdimu-
ter Salesuure bebandelt und Locher, die Foibie ahnelten, erzengt. Vertikale
Winde bildeten sich nur, wonn eine weniger Jislhare Lage den Kalkstein
brdeckis oder wonn die Siurequelle slationir war, so dal die Saoee aul die
unmiltelbar darunierlicgende Fluehe Leipfeln konnte.

Wiasseranalvsen aus Foihe o der Zentealgegend von Kenlucky wnd
Missouel aelgen, dall das Wasser weniger Zeit in lultdurchwebion Sonen ver-
hrachte als agderes Wasser, welches durch die Folgen sickerte, um in die
Hishlen einzudringen,

In der Lentealgegend von Wenlucky scheinen Folbe sich mit Hille von
wandermlen unterirdizehen  YWasserfiillen xu entwickeln, welche durch
wemiger [Gzshare Schichlun oder duech unmittelbar nach unlen Ghee
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Verbinduowsslollen ans weniger Wshaven Sehichten sich bewegonides Wazsser
anfpehalten wueden, In Missouri bilden sich Foibe doreh Vergrralerung der
Girenzschichion unler Teneesteinactigem Quara. Die Foibebildung in den
Decloen der Hihlen wind duecle den unteren Tel der Greneselicht, dic von
Hillstrimen infolee wechseinden Wasserspicgels vergrolert wird, ep-
seltwerd, T deo Kalksteindwitilen veon Kansas bildeo sich Faile dlnlich wie
in Missauel. Die Fuibe inden Gipzhihlen von lansas bilibey sich hanplsich-
el aul den Seilen von steilen, dorech den Flassigheitsstrom gefomnten
Sehichion, die kedne Crenzsehicht Loesilzen, shwohl zie zich unter wenigoer
Iiskaren Schichten im Gips bilden.

Troplindes Wasser sl nolwendig hie die Bildung der vertiloadon Wl
durch Tésung, Weniger lashare Schichilien seheinen das cingige su sein, wo-
durel Wasser aul die Fodba teopft und in die Foabe el

[yer Boden der Foiba billel sicl durch weniger ashaee Selichten aler
nahee e Wasserspiogel, Wenn Foibe sebon vorhsr gebildele Hollenginge
durchkreewel, bilden sieh loeine Bogden.
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