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Geolagy and Hydrology of the El Conventa Cave-Spring System,
Southwestern Puerto Rico®

b

BARRY F. BECK**

INTRODUCTION AND PREVIOUS WORK

The El Convento Cave-Spring System is of particular interest because it is the
central feature of the only well-developed, large scale karst area formed on the
Tertiary belted limestenes of the South Coast of Poerto Rico {Moussa, 1969).
Whereas the Nocth Coast Tertiary belted limestones are well known for their exten-
sive karst development (Meverhoff, 1938; Mitchell, 1954; Doerr and Hoy, 1957;
Gurnee, 958, 19%6; Monroe, 1960, 196da, 196db, [96de, 1906, |96H; Beinroth,
196%; Miguel-Giron, 1972}, karst topography on the South Coast has only been
treated in oany detail (to the autha's knowledpge) by Moussa (1962} and Heck
(1973a, 1973h).

Moussa {196%) describes the South Coast karst ares and offers general comments
on the geomorphic history of the Quebrada de Tos Cedros {Cadros Goree) which is
the site of the El Convento Cave-Spring System. The cave itself, however, i5 not
described, nor was it entered (Moussa, 1971, pers. com. ). The TLS. Geological
Survey and the Commonwealth of Puerto Rico have jointly published two Water-
Resources Bulleting which deal with this area: Warer Resources of the Guavanills-
Yawuco Area, Puerto Rico (Crooks, Grossman and Bogart, 1968) and Water Re-
saverces af the Tallaboa Valley, Puerte Rico (Grossman and others, 19727, Although
the former includes the Rio Macand drainage, of which the Quebrada de Los Cedros
is a tributary, it mentions the perennial cave-spring system only briefly. The flow
fram the El Convento Cave-Spring System is mistakenly indicated as being only the
resurgance of a sinking stream (Crooks, Grossman and Bogart, 1968, p, 26 and p.
35) when it iz also o third magnitude spring which {lows from the cave perenially
whether the stream ahove the cave has water or not. Most recently, Miguel-Giiron
(1972} includes this arca on a map of “Principales Nucleos de Cavidades Subterra-
neas en Puerto Rico™ (p. 2) and shows the location of El Coovento and nearby
Cucva Mapancha on a “*Mapa de Cuevas™ (p. 39} but the ¢ave and the area are not
mentioned in the text. Except for these hrief mentions, then, the El Convento
Cave-Spring Systern is cssentially wnstudied, excepr for the author's ongoing re-
search.

* Deliversd verbally at the Mational Speleclagical Sacicty Canvention, 1973, Bloomington,
Indiana.

** Buecau of Water Resourves, Dept, of Natural Resources, Box 3887, San Juan, Puerte Rico,
D19 0.
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FHYSICAL SETTING AND GENERAL GEOQLOGY

The El Convento Cave-5pong System is lacated in the Quebrada de Tos Cedros,
which is a (ributary of the Rio Macand, in southwestern Puerto Rice {see Fia. 1)
The surrounding area is marked by other karst Teatures such as Cueva Mapancha
and several Targe sinkholes which are aobvions on the topographic map {Fig. 1), The
terrain is rmgeed and the arcy is essentinlly nnsectled: u few enpaved roads criss-oooss
the hills and make them accesible by Jeep or an foot. The lower portion of the
Cuebrady contains a cartle ranch centered around the perennial water flow which
emerges from the cave-spring system.

The area surtounding Gueayanilla Bay, to the south, is highly industrialized. In
the magor alluvial vallevs of the Rio Macand and the Rio Tallaboa spriculiuee i3
domanant, most of the land being devoted to sugur cane, The valley between
Penuelas aned Santo Domingo, north of the Quehrada, is also extensively devoted o
sugar cune prowing, The limestene hills ace pringipally wnused except for the previs
ausly mentioned cattle ranch.

The karst ared surrounding the Quebrada de Los Cedros is formed on the Juana
Digz Formation. The Juana Diaz Formation has been divided into three units: a
lower, sandy or gravelly | conglomeralic mudstone up to 190 m thick: @ middle zone
of dense, biomictitic, reef facies limestone 400 m thick; aod an upper chalk or chalky
limestone up te 130 m thick which is not everywhere present {P.LRW. R A, 1972),
The karst topopraphy is limited to the middle zone (T RW.R. A 19721 The only
other significant karst features on the South Cowsst Tertiary limestones are devel-
oped on g series of dense limestone strata exposed along the coast in the area of
Cruwanica, Here the solutional enlargement of several sets of joints into grikes has
broken the thin heds (ca. 0.5 m) into a limestone pavement of scparate, japged
blocks marked by raindrop pits, solution pans, and runnels (Moussa, 1969; Beck,
L9721, At least one significant cave i3 also developed in this area. The common
Factor displaved by these two kaesl arcas and limited to them s the dense, imper-
meable nuture of the strata as compared 0 the chalky or marly character of the
surrounding Juana Tize und Ponce Formation limestones, A dense, impermeable
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Fig, 1. Drainnge Area ol the ELCenvento Cave-Spring Sestcm

limestane s sometimes ciled as a prerequisite for karst development ( Thombury,
L9347 and it appears that it iz the localiving factor in this area of Puerto Rico
[Muouvssa, L4 Beek, 197 3a),

CLIMATE aND GENERAL NYDROLOGY

The elimate of (his portion of Puerte Rico is generally rather dry, but this particu.
lar area falls within the sublropical maoist forest category using the Holdridge model
{Ewel and Whitmore, 1973). Rainfall in this zone ranges from approximately 100
to 200 cmyvr and according to Calvesberl {1972) average annual rainfall in the
immediate srea of L] Convento is approximately 127 cm®,

* Precipitation, evaportation, and lemperature data in Calvesbert (19721 and Cronks, Grossman
and Bogact 4 L9681 are piven in e Epzlish svstem and were converted by the authar 1o metric
equivalents using standard conversion facloes and rounding off to the nearest unit.
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“The distabution of rainfall over the year does not show an absolute wer season-
dry season relationship, but only a relatively dry season and a relatively wet season”
{ibid., p. 4). Rainfull in the El Coovento area Is highest in August, September,
October, snd Movember {Crooks, Grossman and Rogart, 1968} The majority of
Puerta Rico's rainfall is of oropraphic nature and falls as brief, heavy showers
(Calvebert, 1972),

The mean anoual temperature is 2590 (Calveshert, 1972), Data on the tange of
temperdtures 15 nol available for this immediate area but at Santa [sabel. similarly
located, the range extends from an average daily minimun ol 189C in February (o
an average daily maximun of 319C in August (ibid. ). The average annual cvapora-
tion at two stations in the South Coast subtropical dry forest zone i approximately
205 ¢m. The subtrapical dry farest has a potential evapotranspiration: precipitation
ralio of 2.0-1.0 and the subtropical moeist forest fraom 1003 [Ewel and Whitmore,
1973} However, the El Convento area is near the drier margin of the maoist zone
and local conditions in the hills swrrowending the OQuebrada when visited by the
author on pumerous occassions treoughoul 1972 and 1973 indicate that evapo-
transpiration probably exceeds precipitation here by o noticable amount.

The Rio Macand, of which the Quebrada de Los Cedros is a Uributary, is peren-
nial as it leaves the Central Mountaing, however, it loses its flow to the coastal
limestone hills and alluvivm (Crooks, Grossman and Boaart, 1968), The Quebrada
de Los Cedros vccsssionally [ows to the north of Bl Convento, but this i generally
associated only with perinds of heavy rainfall. At such times the flow s completely
ahsorhed by the sinkhole above the El Convento Cave-Spring Svstem. The flow
from Clarco Axul (the local name Tor the pool at the resurgence of the El Convento
System). however, s perenoial. This feeds 2 small stream around which the afore-
mentioned cattle ranch is centered and is then absorbed into the alluvium,

DESCRIPTION OF THE EL CONYENTO CAVE-SPRING SYSTEM

The El Convento Cave-Spring Svstem was mapped (sce Fieo 31 with a Universal
Wilkie®. oil damped, prismatic-sizhting compass and a steel tape during 1971 and
1972 by the author and nomerous associates (see Acknowledaements). The data
were converted to latitwde and departure coordinates (Kunath, [970) on a Wang
SO0* computer, The total error of clasure was approsimately twenly-five meters in
a one thousand meler loop aod this was corrected by distributing the error equally
tir all stations on the loop. The error is ascribed to the large number of individual
mapping expeditions which were compiled to make the map and (o the inexact
vertical control in the survey of the Quebrada®*.

The El Convento Cave-Spring Svstem is composed of several different passage
segments separated by the Quebruda (see Figs. 2 and 3) The major passage system

* Beppstered trademark or copyrighted marme.
** The Universal Wilkic compass is highly avcurnte (in the author™s experience} foc measuring
weirmalhy, bul it s penecally inaccurate and imprecise for measueing verlical angles, principal-
Iy due 1o a lack of sights foc this purpose.
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is on the western side of the porge and conocets Charco Azul {the resurgence), El
Conventa {a high, arched entrance which gives the sysiem its pame), Hoyo sin
Nombre and La Rendija, The passage is principally tall, canyon type passage (termi-
nology after White, 1967, p. 2-18 and 2-20) with flowing water generally covering
the bottom, Rimstone dams frequently span the passape and cause abrupt drops in
the water level. The passage parallels the canvon wall from Charco Azul through El
Convento to Hoyo sin Nombre and then veers west under the uplands. After several
hundred meters it makes almost a 1809 turn and returns to the Quebrada at La
Rendija, so named because it is a high, narrow cunyon passage. The only side
passage vccurs near the La Rendija end and is a short {ca. 75 m) segment with some
water flow emanating from bencath a large Aowstone block which marks its lerni-
nius. At the Ta Rendijs entrance waler seeps from the talus in the Quebrada and
flows into the passage system.

The La Rendija enteance is immediately adjacent to a tall oliff {ca, 75 m) which
Blocks the Duebrada here (see Fig, 20, [n the face of the cliff on the west, adjacent
to La Rendija, there is a small, unnamed cave with a few chimneys and short crawls
leading off from it. The central portion of this room is a large, massive, flowstone
mound taperiog up and to the near ceiling of the room. From a small crawlway on
the east side of this room ooe can enter another cave, Ojo de Agua, which is a
continuation of the El Convento System trending eastward.

Ojo de Apgua begins as u tall slot at the eastern comer of the cliff and the

Chareg Aaul small, uinamed cove e
F 5 -
T | El Convento -,}Pulrfn Rico
TRl Lppar - i
TR e Hoye ain Nambre lavar e
E: \ T ik Locarion
G T .

Fig. 2. Artist’s shetoch of Cuebirada de los Cedres leoking north with vegetation removed. Cueva
Yiento, on the east wall, is nat shown.
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Fig. 3. Map of Tl Convente Cave-Spring Swstem; compass and steel tape survey by B F. Beck
and others.

Ceebrada wall. Tnside the entrance oo the northwest a clay slope leads upward to
the afarementioned crawlway, and Lo the cast the main passage becomes a small
(ca. I m x 2 m), vertically elongated, elliptical tube, The unnamed cave and this
portion of the Qjo de Agua passage are abave the level of flowing water. Afler
appraximately 20 m, the passage to the east opens inte more fall, canvon like
passage. At the juncture there is s short deop (ca. 2 m) and the water flowing out of
the Ojo de Agua passage sinks into a small hole, from here to pass beocath the
previously meotioned dry passage, through the talus at the base of the cliff, and to
reappear as the seep at La Rendija. The Ojo de Agua passage continues eastward
approximately 50 m and ends in a pool which is clear at low flow but murky in
flood, Below the surface of the water in this pool one can see the passage continu-
ging easl. Fassage heiphts and water depths for the various areas are shown on Fig,
£

Indented in the eastern wall of the Quehrada, approximately sixty metars soulh
of the ¢liff. there is a steep svil and talus stope. This is not shown in Fig. 2 for
clarity but is included in the map of Fig. 3. This leads upward to an cxtremely
larze, but relatively shorl, tunncklike cave, known as Cucva Viento, Although the
dimensions are large {20 m wide and &0 m tall) the cross-section is stll canyon like.
At the rear of Cueva Viento there is a larze dome, estimated to be seventy-fve
meters tall, with rwo skylights penetrating to the uplands above. Just outside the
mouth of Cueva Viento, up a steep limestone Tace oo the north wall, a short,
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ppperevel cave penctrates todally through the lmestone wall and exits back into
the Duekrada above the cliff {ie. on top of the Unnamed Cave and the beginning
of the Qo de Agua passape: see Fig, 33, The lower portions of Cueva Wiento an
approximately at the same elevation us the floar of the Quebrada above the cliff,

Just ahove Lhe oliff, the floor of the upper Guebrada slopes downward 1o the
north such that the clifl cdee i3 9 high point. At the base of this slope just nocth of
Lthe cliff there s 2 system ol drresular erevices bevween the rocks which lead down-
ward o maze of small, intertwining passages which all soom hecame to small for
human entranee, The flood low Trom the Ceneral Mountains drains o the base of
this slight upward slope and s here tetolly absorbed into these crevices, later Lo
reappedar below in the Bl Convento Cuve-Spring System. The approsimate Tecation
of this upper sink i3 shown on Fig. 3 bul the derails of the opper Quebrada are
deleted 1o avoid overcrowding.

GEOMORPHIC HISTORY

Maussa (19097 discossed the geomorphic history of the Quebrada and El Conventa
i peneral manner. The dramage from the Cordillera Central {the meuancains which
appear weress the northern portion of Figo D) ol one tome apparently flowed o the
vast and joincd the Ric Tallaboz. A sinkhole, which lormerly existed spproximately
in the triangulsr area north of the Quebrada, perated a portion of this drainage
undergeound and through varieus kaest conduils to the south. Continueing develop-
mecrd ard codlapse has et the CQuebrada as we see il today.

Mowssa (1909) helizves the sorge is due to the collapse of 3 former cuve system.
The large, high, canvon type cove pussages which cross the canyan abliquely, bow.
ever, complicate this theory, On the other hand, the exeremely large houlder spun-
ning the Quebrada near the cliff base {see Fieo 31 may well be the remains of o
matural bridee, which woitld tend to substantizee Moussa’s (1969 hy pothesis, Head-
ward gollapse over a reveding speing svstern is st probably an integral pact of the
development of the Quebrada, but o detailed geomarphic history of the area awaits
more extensive study of all the caves and the various kurst features in the urea,

HYDROLOCY

The details of the hydralogy may be followed on Fiz, 2 and Fig, 3. Water lowing
[t the npper drainage area (outlined on Fig, 1) converges and fAows into the
marrow Ouebrads where it then disappears ioto the sinkhole immediately above the
clif. During the majority of the year this stream is dry, but during the wetrer
periods i1 may carcy heavy, short doration foods due o thundershowers and a
simaller, more persistant ow for several weeks or months,

[l is possible to caleulate o frequently occurring high flow from the hydrologic
parameters, The drainage basin above Lhe Quebrada has an area of approximately
3.4 km? {caleulatad by the weighed paper lechnigque), A good approximation for
the precipitation rate is 2.54 cmfhoor far approximately one hour; this is within
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the runge of, and a pood spproximate sverspe of, the compiled dula associated with
a normal conveclive Lype thunderstorm rainfall as monitored wl Peioclas [Colves-
bert, 1972, pers. com. ). The mean annoal roneft coefficient may be spproximately
calculated from the Basin Climatic Index (R.A. Domenech and Associates and
Black and Yeatch, Consulting Eogineees, 1970, Tigures 2-4 and 2-5) and by this
method an approximate value of 22.5% is obtained. However, ulilizing very general
criteria in Todd (970, Table 2-2a) a walue from 353-70% is obtained. Soil mops
(1.5, Department of Agriculture, 1969) show most of the drainage as high runoff
potential soils. During a high intensity, short duration caiofull, such s we are
hypothesizing, the higher values sre probably closer Lo correct, although the lesser
value is probably more correct on an annual basis fwhich it is calcalated for). In
light of this data 53% will be used as an approximation of the runoff coefficient
with an uncertaioly of 15%, Le, 5321 5%.

Approximately three {o five hours after the thundershower, the flood flow
should reach the cave, As an arder of magnitude approximation we may caleulate
the summation of rainfall times the runotT over the arca of the drainage basin and
gssume Lhal all this fow arrives within one hour. This vields 4 Tow of ¢.72] 3 x
10% m? fhour which is completely swallowed by the system, This is on the order of
10% m3imin in flood. Sediment size duta indicate a velocity near 300 m*fmin
which is reasonably close to the lower runge of this estimate {Beck. 130,

This flow i conducted hrough a network ol opewings toe smazll for human
passage 1o 8l least three different points: the small, unnamed cave where it Tlows
out ahove the large flowstone mouad; the chimney in the connecting pussape be-
tween this cave and Qo de Agna; and into the main fow threush Ojo de Agus from
the pool at the end of the passage. During peak foods afl three openings funclion
andd water may also enter the svstem fram the rear of the side passage. althongh this
cauld not be checked. At such limes water in Ofe de Apuy bucks up because of the
small exit sump and the upperlevel elliplical tube 35 totally flooded. Thus, the depth
in the main passage must be on the order of 4 m ss 2 minimom. This poodiog efTect
is tesponsible for the two large sediment banks present here, the bank closer Lo the
soree being gravel and that downstream clay and silt, a5 would be expected when
rapidly moving water enters a large volume paol,

As the flow subsides, only Ofo de Agus, and possibly the side passage, continie
{o carry water from the sinkhole. Dye studies show that Lhe lime iolerval Tram
entering the sinkhale to emerging at the siphon in Ojo de Apua s approximately
two hours, Since this puth drops approximately 25 m the water might he expected
to move more rapidly, bul it is probable that there is o large svstemn of pussages
behind this siphon and that the volume of water contained therain must firse be
displaced before the dye can emerge,

Even when the stream above is lolally dey, as it s Tor approximately nine
months out of the year, Gjo de Agua and the side passage have o flow of water
eminating from them. ln frequent visits from 1971 through 1973 the author has
never seen either passage dry or nol Mowing. Low flow volumes [roo these passages
were measured using a plywood dam and a Tsunimi-Seiki Kosakosho Nowmetee®,

* The T. 5. K. flowmeter is designed for mensuring flow through a plankton net, buat when
mounted on a handle it will suffice for the appreximate measurercnt of stream Aow.
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Table |, Waler flow in the El Convento Cave-Spring System. Measured with a
Tsurumi-5eiki Kosakusho flowmeter.

TNPUT OUTFLOW
LOCATION |FLOW (w3/min)| LOCATION |FLOW (M3/min)
OJo DE Acua 0.9 CHARCO AzuL 0.4
S1DE PASSAGE il S{‘Egmgmmm 0.1
TotaL 1.0 ToTaL 0.5
LoST TO GROUNDWATER: 0,5 MI/MIN

These measurcrmenls are tabulated o Table 1 Part of the water which enters the Ll
Convento Cave-Spring System tom the siphon in Ojo de Agua passes through the
breakdown in the OQuebrada below the cliff and emerges in La Rendija (follow an
Fig. 21 That portion of the fow passing through La Rendija is then juined down-
stream by the minor OQuw from the side passape and the combined colume con.
tinues throuph the cave to Charco Azul. Dye trucing shows that a part of the flow
from Ofo de Agua also goes southward, probably through small cave openings, and
cmerges ab a spring which is on che southeast side of the Quebrada spproximately
0.3-005 kmn downstream from Charco Azul,

The resurgences for the cave syslem are Chareo Azul and the aforementioned
spring. Moussa (1969, p. 717) hypothesizes thal “there are probably more springs
in the streambed™. The author has examined this area firsthand and finds no evi-
dence that any springs other than the obvious one are present. [n some places small
streamlets branch and rejoin, as in a braided stream, and vecassionally these seep
through gravel bars; such instances may appear to be springs, bul closer examing-
tion shows their correct source. The flow from Charco Azul and from the spring is
also tabulated in Table 1. Dwring the flow through the cave and associated spring
systemn the fow volume is reduced by approximately half, from 1 m?/min to 0.5
m3/min. This loss may occur ioto deeper passages below water level in the main
portion of the Fl Convento Cave-Spring System®, or it may occur in the unmapped
network which goes from Ojo de Agus to the spring, or the loss may well occur in
both areas. A higher density of flow measurements throughout the cave-spring
system iz necded 1o sccurately locate the paint of Joss,

Dye tests were conducted in the El Conventa Cave-Spring System. Flow from
the exit of Ojo de Agua, through the breakdown to La Rendija took only forty
minutes, implving a relatively open, small volume system. Flow from the siphon in
Ojo de Agua 1o Hoyo sin Nombre took approximately three and one half hours,
while flow from Hovo sin Nombee to Charco Azul took well over Four hours (exact

* Dirzetly below onc of the rimstane dams just upstoeam from the Hovo sin Nombee enirance,
a deep hole exists, This is probably simply a plenge pit, but it might he 2 chimney o lower
PRESHIELS,
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time unkonown). This longer time interval for o much shorter segment of passage
indicates that he latter section from El Comvento to Charco Azul is deeper than
expected and probably contains a significant volume of water. However, the volume
af flow may have been significantly lowered by leakage before reaching this area
thus aceounting for the longer travel time, The travel time from the siphon in Ojo
de Agua to the spring on the soulheast side of the Quebrada was more Lthun seven
haurs anet Jess than twenty-four (fexact time notl measured),

SOLUTION CHEMISTRY

Water samples were taken at selected sites throughout the cave-spring systein and
later analyzed in the laboratory. At the time of sampling no water was entering the
system from the sink. Two D0, (dissalved oxveen) bottles were collected at each
lacation; one was fixed for dissolved oavpen measurement by the Winkler method
iStrickland and Parsons, 1968) and the other was left untreated, T30 hottles have a
eround glass stopper which is tapered downward W insure that no air bubbles are
included with the sample. The bartles were transferred to the laboratory on iee and
kept refrigerated until analyzed. The temperature of the water was measured with o
standard mercury thermometer at the time of sampling. All samples were clear and
the bottles weree Teft immersed and open in the flowing water for more than fifteen
minutes to insure couilibration.

pH and alkalinity were measured immediately upon opening the bettle using a
Beckman Model G pH meter and titrating with 0.0164 N H,50, to s pH ol 4.50
{Brown et al., 1970), Dissolved 04 was caleulated froon the alkslinity and the
initial ptl (Brown ¢t al,, 19700 Dissolved osyzen was determined by a Winkler
titration (Slrickland and Parsans, [968) which is essentially similar to the " Azide
Modification of the fodometric Methoed™ (Any Pub, Health Association, and others,
1965 or the Alsterhurg Axde Method recommended by the USG5 (Brown e al,
1970, Ca and Mg were measured by stomic absorption spectrometry with a
lanthinum chloride addative to reduce interference (Brown et al,, 1970} Standards
and blanks were alse run unknown to the operator. Ca analvses were generally low
by 3% or less and My was sliphtly low (14 ); accuracy improved with concentration
and since the samples were measured at concentrations ten times those of the
standards used for comparison the analytical error is probably wery small. Total
carhonate hardness was caleulated using the Ca and Ma values (ASTM, 1963}

The results of the analyses are presented in figures 4 through 6. Fig. 4 shows the
dissolved oxygen and carbon dioxide content of the cave waters. Note that the
water eminates from both springs within the cave (1e,, in Qjo de Apoa sod in the
side passage) very low in oxygen and high in €04 and that it generally loses COy as
it passes through the cave system. The dissolved oxygen content riscs initially,
prahably because the water in the Ojo de Apua passage is shallow and fasl moving
and, at the time of sampling, this passage did not contain a large colony of bats.
Howsever, afler enlering the main passage the dissolved oxygen content decreases
again, The water in the main passage syslem is deep and generally show moving and
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Fig, 4, Disolved oxygen and cathon diexide in F1 Convento Cave-Spring System waters,
Creyzen by Winkler titration; Carbon dioxide caloulated frem plTand alkabmity data.

there are several latge bat colonies roosting over it. The water flow over the rim-
stone dams is small compared ta the overall volume of water and the decaying
puano and lack of aereation probably both act to reduce the dissulved oxygen.
Similarly, the decaying guano is probably responsible fur the small rise in CO,
content found at the sampling station immediately upstreamn from Hoyo sin
Mombre.

Fig. § shows the total hardness as calculated from the caleium and magnesium
values. Fig. 6 shows the Ca hardness and pH plotted on the CaCO4 saturation curye
as modified [rom Picknett's (1972} data. It is recognized that this method of
analyzing the saturation is only approximate {JTacobson and Langmuir, 1972}, but
sufficient data were not obtained to utilize a more sophisticated approach. The
presentation of the data on the modified Picknet curve should be satisfactory for
ohserving relative changes inasmuch as errors due to the presence of other pairs
showld remain relatively constant. An earlier presentation {Beck, 1973a) was
slightly in error due to the author's misinterpretation of Picknet's {1972} data:
however, the conclusions presented thercin were still valid, The samples are num.
hered sequentially oo the graph, 1 and 1’ being the sources of water {Ojo de Agua
and the side passage) and 5 being the resurgence,

The groundwater as it emerges into the cave passages, both at the siphon in Ojo
de Agua and at the terminus of the side passage, is approximately saturated with
respect to calcite. As the water flows through the Ojo de Agua passage and through
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Fig. 6. Hurdness for El Conventa Cave-Spring System waters plotted on approximate saiuration
curve for calcite sotutions at 259 C with Ca;Mg = 3:1, Modified from Picknett {19721
I s the spring in Ojo de Agoa; #1 is the spring in the side passage. # s in Ojo de
Agua where water leaves the passage. #3 is near the entrance to La Rendija. 78 is just
upstreamn from Hoyo sin Mombre. 385 is in Charco azol.
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the hreakdown below the cliff, it rapidly loses CO5 and becomes supersaturated.
Once the flow enters the larger main passape, however, the C05 content remains
relatively constant and Lhe equilibrinm trends back toward saturation, probably due
to precipitation of CaC0Os wn the numerous rimstone dams. The enrichment with
respect Lo COy at site 4 is probably due to the particularly large ammount of bat
guann presenl in Lthe water in that ares and the large population of bats living over
the water, as mentivncd previeusly,

ARBSTRACTH

Whereas the MNorth Coast Tertiary Limestones of Poerto Rico are classic karst
lpcules, their southern counterparts are almost devoid of karst development. The El
Convenlo Cave-Spring System is the mosl prominent feature of the only Targe scale
karst aren developed on the South Coast Tertiary limestones, The karst topography
i localized on the middle Tuana Diaz Formation, which is a reef facies limestane,
apparcotly because of the high density and low permeability of this zone as com-
pared 10 the surrounding chalks and marls. In the El Comvento System a sinkmg
cphemeral stream combines with the fow from twoe perennial springs inside the
cave. The surface drainage hus been pirated from the Rio Tallaboa to the cast inta
El Conventa's subterranean course,

The climate is generally sem-ard with 123-1530 cm of rain falling principally as
short, intense showers during Sept,, Oet., and Moy, Sinking flood waters are ab-
sorhed Ty 2 small sinkhole and appear two to three hours later in the cave, In the
dry season this input is shsenl. The two springs within the cave have a combined
inflow to the systam of 1.0 m3/min at low flow but half of this leaks back to the
groundwater before it reaches the resurgence, The spring waters are saturated with
CaC0y and high in €O, (26,4 ppm). As the water flows through the open cave it
first becomes supersaturated by losing €Oy and then trends back toward saturation
by precipitating CalO5.

RESUMEN

Mientras las calizas terciarias de la costa norte de Puerto Rico son Tocalidades
cirsticas clisicas, sus contrapartes en el suroeste de Puerto Rico cstan casi total-
mente exentos de desarrollo carstico, El sistema cueva-manantial El Convento es la
faceitn mds sobresaliente del dnivo drea cdrstica de gran escala, desarcollada en las
calizas terciurias de la costa sur. La topoprafia cdrstica estd localizada sobre la
formacidon Juana Diax mediana. la cual es una caliza de tacie recifal, debido apa-
renternentc a la alta densidad y baja permeabilidad de esta zona en comparaciin i
las cretas v margus adyacentes. En ol sistema Ll Convento un arroyuelo intermilente
se combina con el flujo de dos manantiales perennes dentro de la cueva, El drenaje,

* Abstract 10 be published in the National Spelealogicn] Spcicty Bulletin
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superficial ha sido pirateado del Rio Tallaboa al este, hacia el cauce subterrdnes de
El Convenlo.

El clima es generalmente semi-drido con [23-130 cmode precipitacion. principal-
mente en forma de intensas lovias cortas durante septiemhbre, octubre ¥ noviembre:
Apuas fltrantes procedentes de inundaciones son absorhidas por un pequefio swmi-
dero y reaparecen dos o tres horas mds tacde dentro de la cueva, Durante las sequias
este flujo no existe. Tos dos manantioles dentro de la cueva tienen un fljo comhi-
nado para el sistema I mts3 imin durante flujo bajo, pero la mitad de este vuclve 4
infiltrarse al agua subterrinen antes de que llegoe o su resurgencio. Las aguss de
manantial estan saturddas con caubonato de calcin v alto en didxnio de carbion
(264 ppm). Mientras fluju el agua por Lo ceeva abierta, primeramente es super-
suturada cuando pierde el didxido de carbdn v entonges regresa a ser saturado por la
precipilucidn de carbonuto de culeio,
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