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WORLD’S DEEPEST KARST HYDROLOGIC SYSTEM DOCUMENTED IN SIERRA
JUAREZ, OAXACA

INTRODUCTION

Mexico is rapidly being recognized as possessing some
of the most spectacular and deepest caves in the world. Six of
the 46 cave systems in the world that have been explored to
depths greater than 1,000 m are in Mexico (Minton, 1994).
Two of the world’s 10 deepest explored caves are 1n Oaxaca.
Mexico’s second deepest explored cave, Sistema Cheve, 1s 1n
the Sierra Judrez in northeastern Oaxaca (Figure 1). Its present
explored depthis 1,386 m, the eighth deepest in the world. The
surveyed length of the cave is 23.3 km and exploration contin-
ues each year during the dry season (Figure 2). The deepest
explored cave system in Mexico, Sistema Huautla, is in the
Sierra Mazateca, near the town of Huautla de Jiménez. A recent
multi-national expedition pushed its explored limits to -1,475
m. The waters from both Sistema Cheve and Sistema Huautla
reappear at karst springs—resurgences—in the Cafion Santo
Domingo, approximately 1,400 m apart but on opposite sides
of the Rio Grande (Figure 3).

The greatest proven relief of a karst hydrologic system
previously reported was 2,355 m for the Napra cave system in
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Figure 1.- Location map for the Sistema Cheve. The darkened area on the large
map represents the State of Oaxaca. The inset map shows the location of
Sistema Cheve within the State of Oaxaca.
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the Caucasus (Kazharsky, 1993). The Iljukhina system, also in
the Caucasus, has a depth of 2,350 m (Klimchouk, 1993). The
deepest cave exploration in the world has been to a depth of
-1,602 m in Reseau Jean-Bernard 1n France.

METHODOLOGY

The highest point in the multi-entrance Sistema Cheve is
the entrance to Cueva Escondida. Cueva Cheve, however, 18
the largest and most accessible entrance to the system. A
physical connection between the two caves has been traversed
and the connecting passages have been surveyed. Fluorescein,
a non-toxic dye, was placed in a stream flowing into the main
entrance to the system—Cueva Cheve—in the spring of 1990
(Smith, 1991). Eight days after the dye was injected into the
system, bright green water emerged 18 km north of the Cueva
Cheve entrance at Agua Fria de Santa Ana, a karst spring on
the southern side of the Rio Grande in the Canén Santo Do-
mingo.

To determine the precise, relative positions of the Escon-
dida and Agua Fria entrances, a double differential Global
Positioning System (GPS) was utilized. The absolute elevation
was determined to a point near the Escondida entrance using
two NAVPRO 5000 receivers. A second series of tests deter-
mined the precise relative locations and elevation change from
this control point to two sites near Agua Fria de Santa Ana.
Precision overland surveys were made to connect the control
site and the two remote, GPS stations to the two cave en-
trances—Escondida and Agua Fria. The final depth of the
system also incorporates the depth reached by a 1984 scuba

dive of the spring.

RESULTS OF THE SURVEY

The highest entrance to the system—Cueva Escondida—
is at an elevation of 2,798 m a.s.l. The Cueva Cheve entrance
is at 2.654 m a.s.l. The spring where the water from the system
resurfaces—Agua Fria de Santa Ana—is at an elevation of 291
m. This resurgence cave had been previously explored by
scuba divers to a depth of 18 m—273 m a.s.l.—in 1984 (Stone,
1988), prior to the discovery and exploration of the insurgence
area. Thus, the total vertical extent of the hydrologic system 1s
2.525 m a.s.l. (Figure 4). The vertical extent of the subterra-
nean dye trace, the deepest ever successfully completed, was
2.363 m a.s.l.

Cueva del Mano, a dry cave connected to Agua Fria, has
an explored length of over seven kilometers of maze passages
that extend about one kilometer towards Cueva Cheve. The
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PROFILE OF SISTEMA CHEVE

Oaxaca, Mexico
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Figure 2.- Cross-section of the explored portions of the upper part of Sistema Cheve hydrologic system. Surveying and mapping of the cave is a continuing effort

by the multinational Proyecto Cheve (after Vesely, 1993).

cave is not fully explored and exploration continues. The
deepest passage in the upper, explored part of the Cheve

system, is filled with water and will require an ambitious scuba

diving effort to explore. One attempt using scuba was made 1n
1991, but it ended in water filled passage (Hose, 1992a). It 1s
likely that exploration will eventually connect the lower and
upper parts of the system, which are now approximately 13 km

apart.

GEOLOGIC SETTING

The Sistema Cheve is formed within an approximately
four kilometer wide, north-northwest-trending band of Creta-
ceous carbonates. The cave walls and surface comprise a
melange of rudist-bearing limestone, laminated micrite, fore-
reef breccia, thick-to-massive bedded dolomite, thin-bedded
limestone and chert, thin-bedded limestone, laminated back-
reef limestone, and mylonitic marble (Hose, 1991). An hy-
pabyssal andesitic dike cross-cuts the carbonate terrain and 1s
exposed in the upper part of the cave. On the surtace, the
carbonate terrain is surrounded to the west, south, and east by
cataclastic rocks of the Cuicateco Metamorphic Complex, 1n-
cluding talcose and scaly serpentinite, sandstone, shale, vol-
canic rocks, and chert-mica schist (Figure 3). These rocks were
severely tectonized during Late Cretaceous-Paleogene
(Laramide) thrusting events. Foliation (approximately N20°W
60°W-90°) is sub-parallel with the trend of the fault that
divides the two terrains.

The entrances and passages are just east of the tectonized
terrain. Most of the cave is east of and under the hanging wall
of an east-verging, Laramide thrust fault, that trends approxi-
mately N20°W 60°W (Figure 5) in mostly east-dipping beds.
The hanging wall is made up of insoluble, cataclastic rocks
which are not exposed in the explored passages of the system.

Most of the known passages are linear and developed along
joints. The joints are parallel to the trend of the fault and
probably represent the axial cleavage of an east-verging-syn-
cline (Hose, 1992b).

Exploration in the upper portion of the hydrologic sys-
tem—Cueva Cheve—has not penetrated beyond the Aguacate
lineament, which is expressed by cast-northeast-trending clifts
on the surface. Near the end of the cave, a large—approxi-
mately 15 m wide x 25 m high—passage abruptly changes to
a maze of smaller passages, most of which are filled with
boulders that have collapsed from the ceiling. The lowest
explored passage in Cueva Cheve is a water-filled tube 1n
mylonitic marble, presently referred to as the Terminal Sump.
The only exploratory scuba dive in the sump failed to penetrate
to air-filled passage.

The lowest part of the hydrologic system—Agua Fria
and Cueva del Mano—are also formed in mylonitic marble
within the foot wall—eastern side—of the major north-north-
west-trending thrust fault (Figure 3). Passages are linear and
have formed along joints that are parallel to the trend of the
fault.

All of the known input sites—i. e., cave entrances—to
the hydrologic systems of Sistema Cheve and its neighbor,
Sistema Huautla, are in carbonate outcrops immediately ad)a-
cent to insoluble rocks. Surface streams that traverse across
insoluble rocks sink into the cave systems within a few tens of
meters. Thus, the karst above and east of Sistema Cheve lacks

permanent streams.

DISCUSSION

A hydrologic system in which water flows 19 km and
drops 2,525 m in eight days through subterranean conduits
demonstrates the vulnerability of high-relief karst terrains to
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Figure 3.- Simplified geologic map of the Sistema Cheve area.

widespread groundwater contamination. Such systems are
more similar to surface drainage systems than they are to
clastic aquifers. Yet, the drainage patterns and input areas of
most karst springs in Mexico are completely unknown.
Extensive, high-relief karst is present in many regions in
Mexico, including the states of Chiapas, Guanajuato, Gue-
rrero, Nuevo Ledn, Oaxaca, Puebla, Querétaro, San Luis Po-
tosi, Tamaulipas, and Veracruz (Espinasa-Perefia, 1990a,
1990b). New roads are entering many of the mountainous input
areas that were previously remote and inaccessible to motor-
1zed vehicles. Greater impact on the environment, including
the groundwater, commonly accompanies the improved acces-
sibility. The necessity of understanding karst better, particu-
larly high-relief systems, is becoming increasingly important

in Mexico.
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CROSS-SECTION OF SISTEMA CHEVE

3,000 .

---------------------------
-----------------------------------------
--------------------------
--------------------------------------
---------------------------
-------------

......

.......

B e Rt B T e S ety S et e, S N e
......
........
.........

--------------------------------------------------
---------------------------

Meters R, :
-------------------
AT A P r"u
: ; . ] T
am o n v e
. " """ 1 r - e, Tl
S R R e Ny
T T T e N et o ) i, P n g W I
L B S AR i Oy M hl Rl I M I . C Rl " R LA L
P R CERE - - R . -
Ve N A . . u -
- ; s . 3 - A
L 3 o - K £
L - . - - - T, I e L et B
et _ - . A - ¢ , 3 o T P LN T T S ]
S ea eve ] - o ; B . e R T TR e
1 0 0 L ", . ~ LGOI ERE N R NN RN N CE) -
i T T el ol el R ey BRI K UG I
_ 5 . e e e L AL L, A Rty G S e
¥ X
.
-
.

na.
L]
. -a
"
-
e
w"a
LN} " s mm = LN LB} L] LI |
T
-
-
L]
.
3
Pty Tty i NI ER
a . ¥
. - % > a ") = - e - ) - b ] M [ b b L. = - e n m ok m bk kAR LI N L I
. - T L ki T T e e e L I i o T R R ] R i ) P
LR A N T - rh kY LY LU L NN AL | L | [ ] " RW =2 = EE m e m BT e s ¥ kA Ehmy e mk A= g mmp e -k m bk e mad FFFE R L ICREN NN e NN - " = mmmwhkd BAd+ LU RO L N B = mE mEm - mm
. . N MR R, T L R R Y R O R T I e ey e N e U e A TR T oL ) PR R RO GO I B R R ] LY DU A i sy S i e R AL N
3 - - . =
Py S S I ) = ee em e mhmk LA | ] LU B . LI ) " moEammm = h ks mEm e B hom Fhr bk hw Fw -0 mpm - arpear Ll mon e w R Tm e mmewdr d -k * N e - = mw e ey mm ke L ah EF o B dmmhm e - SR M T I RO
Lh L m e uh LI AN AR LRI R e ey y 7 ww T OF E EEE USRS BN RSN N N L 4 4 = E R EE = wmmt mh e R
FI N - , -l = I L ey ] T LI N IR L am mm s e kA
; R TN O I IO RO R LA e B e IR I R R R T L ety e O SRR R MILRIR W B R R R I R
) . A R R O R R e RS BN S e ey TP R e, Sl I R L AR I S
L] - m m b h + 1] - " ' ey e ran agm g et rameemeenanll D = = = sl F w o om W - hw o= B e g & N Jd R EEERE PR T I B UL R ) -
- Y - L L. N A L e e el P - 4 [Sarary a . e Tata - 4
-
adl » L% L O L ey LRCI ] M
n N O
- LI L e L] -qlg. - L] = - L] - rm - - . orm + - -
- . - ' n - - ] - a,
I\.-'h.‘h'*-.:':.‘\'-" "-"ﬂ‘\-‘l".:.kl'i :“\.l': ny .-:" :‘q:‘q.:':- -:-:'-I" ': h. :“11.:11::.: :::- h':--“h:-.‘ L“:ii“":::“ Il'll:ll:lll”“"l.l“I g Y - n L] l: RN RN TR R - : T T i e e Py i T o
e B W - . e 'y " .
oy -, -:h"l-‘lh W - o A o LR gL ) -.-"-‘-,‘_ e w Emk L e :I:-.Ll- l:l: -:-t 1 .:q'\'i.. e e e e e Ty h‘H:-‘I-‘i‘ - W T T iy AT e e . e e T -I:'-.-I‘i -I:l:l-.l"-‘.l-i . 'I:ﬁ!-'-.-'l_lll. G el KA I D o, SN N
- . -
LN e e e 4 AR AN R R R L L L) e e MR L i R R S i R Sl i e o i St n e R R e e BT BT, el Tl P . - e PR R kL B e et ey, e i Mt e B LB e ]
N - N . . '

15,000

B S AN T

------
--------
------

L em

0

Figure 4.- North-south-trending cross-section of the explored portions of the Sistema Cheve hydrologic system including the upper part, commonly called Cueva
Cheve, and the resurgence area, Agua Fria de Santa Ana and Cueva del Mano.

Vesely, C.A., 1993, Sistema Cheve (profile map): Association for Mexican Cave
Studies Newsletter, no. 20, p. 35-36, scale 1:7,000.

Manuscript received: December 14, 1993,
Corrected manuscript received: November 28, 1994.

Manuscript accepted: December 6, 1994,

Expianation
//, Tectonite _'[_'_',I Carbonate / Cave passage

Figure 5.- East-west-trending, schematic cross-section of the upper portion ot
the Sistema Cheve hydrologic system.



