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Abstract
This paper combines findings from underwater cave explorations with geoscient if ic data to enhance the understanding of the karst aquifer.

Underwater explorations in Nobres -MT produced maps of diving lines in Pai Joao (PJ) and Joao Terencio (JT) caves. The diving and safety

procedures adopted to explore the caves with depths of over 100 meters ensured incident-free dives, facilitating the exploration and survey.

The maps reveal that JT spr ing is a vauclus ian cave while PJ, located at the bottom of an ephemeral sinkhole functions like a lake but also
exhibits the structure of a vauclus ian cave. The integration of geological and geomorphological data with the cave maps reveals that the

vauclusian structure of the caves is relat ed to their locati on in a lithological contact zone with siliciclast ic rocks. These rocks form a hydraul ic

barrier for the karst groundwater promoting upward flows and develop ing conduits in subvertical strata. Topographic data were used to veri fy

the altitude difference between the cave entrances. However, the results were inconclusive, open ing the possibil ity to infer wh ether the caves

are components of a single hydrological system or represent two independent systems. This question leads to exploring possible evolutionary

aspects of the caves.

1. Introduction

Fig ure 1: Location ofcaves, geology (CPRM,2004) and geomorphology of

the Serra dos Furnas region.

This paper presents the preliminary findings from the exploration

of phreatic caves in Nobres, Mato Grosso, Brazil and how integrating the

cave maps with geological and geomorphological information improves

th e und erstand ing about karst aqui fers.

The Nobres region (Fig.l ) presents a tropica l climate, humi d in the
summer,dry in thewinter with t ransitional seasonsin autumn and spring.

The average annual temperature is 25'C and the total annual rainfall is

1920 mm. These condi tions support the development of vegetation wi th

featu res of both: the Cerrado and the Amazon rainforest.
The landscapedeveloped in folded lithologiesexhibits karst surfaces

that are lower in relation to the surround ing relie f formed by siliciclastic
rocks. The karst fo rmed in Neoproterozoic dolomites from the Nobres

Formation occupiesan eroded anticline structure with more than 50 km

in length and variable wi dth between 2 and S.5 km. The anticline flanks
expose Neoproterozoic rocks from the Raizama Formation, consisting

of sandstone and arkose with conglomerate layers and intercalations
of siltstone and claystone; these rocks support ridges and plateaus

adjacent to the karst.
The study focuses on the karst sector related to the Serra das Furnas

ridge, drained by the basin of the Quebozinho Riverand the Joao terenclo
and Lucio Feio exsurgences; the regional base level is the Cuiaba River.
Most of the area is wi thing the Gruta Azul state park, a natural reserve

managed by the state of Mato Grosso.
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Based on reports from divers, we decided to explore two locations,

Pai Joao and Joao Terencio caves. The entrance to

Pai Joao Caveisat thebaseof asteep sinkhole on the ridge slope (Fig.

4Aand B). This ephemeral sinkhol e collectswater from a small drainage
basin. According to report s from the local com mun ity, during the rainy

season, the water level inside the sinkho le can rise more than ten meters
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compared to the level observed dur ing dives. From the parking area, it

is necessary 10 walk a trail of 1.8kilometers to reach the entrance of the

sinkhole. From there, a descent of approximately 50 meters on rough

terrain leads to the water 's surface. Alth ough it is not a long distance,

transport ing thevarious cylinders used in the dives (along wi th variou s

support materials) is very labor -intensive, requiring the support of the

local volunteers. Very litt le information was avai lable about previous

dives in this area, but it was brou ght to our attent ion that in th e past 20

years or so dives were conduct ed there, although no signs of prev ious

surveys were observed.

The second target, Joao Terencio Cave is a spring located in the

thalwegof the Mutum Creek, near the section where the drainage crosses

the li th ologies of the Serra das Furnas ridge; in th is sector, th e rid ge relie f

is less prono unced. The cave is wit hin pr ivate property, w hich uses its

water for agricul tural act ivi ties . Tubesconn ected to the resurgence also

suppl y properties downstream. In th is area, th e lo gist ics for d iv ing are

strai ghtforward because vehicle s park next to th e cave (Fig . 5 A and B).

The site has been explored on multiple occasions, and we di scov ered

lines left by previous explorers. However, no publ ished maps o f the

cave were foun d.

Two expediti onswere cond ucted in th e area, th e follow in g secti ons

outline the procedures ado pted and the results obtained .

2.1. Dive Planningo

2. Materials and methods

tocalculatestops0.45of theoriginal pressure limits given by BOhlm ann's

values.Compartment on-gassingand off-gassing werecalculated throu ­

gh the application of the foll owi ng differential equation:

2.1.1. Safetyconcerns

2.2. Cave Mapping and Determination of Flow
Direction

Lines were placed ali gned w ith th e direct io n of the conduits and

t ied in specific survey stat ions . These lines have the pr imary goa l of

provid ing orien tat ion to the divers,always assuring th at can be followed

all the way to open water, in accordance w ith th e preva iling cave div ing

protocol, In additi on, the lines are used as a survey tool (li nes of sight) in

a protocol where it sazimuth, incli nat ion, and distance between stations

are used to produce a map. In th is exploration, di stances between walls

and floor to ceiling (WFC) were not reco rded . To assure the precision of

the survey process, a device capable of recording the position of the line

was used (Mnemo, Ariane's Line , 2023). All data obta ined by the device

were treated using Ariane, a 3D cave mapping software, both from th e

same ent erprise (Ariane's Line , 2023).

Toverify by visual inspect ion the water flow and its general d irectio n

in Pai Joao Cave, a bottle with 5 grams of fluorescein dye dissolved in

500 ml of water was released into a conduit du ring one of the dives .

Given the extreme depth of the system, wh ich caused th e divers to

spend long period s of t ime at depths of over 100 meters (resulting in

an average of 300 minutes), and give n th e remoteness of th e lo cat ion,

during the second expedi t ion in 8/ 2004, a mu lt i-pl ace hyperbaric cham ­

ber was taken to the site and stati oned at the parkin g area. Th e purpose

of this chamber was to recom press and treat any diver sufferin g from

decompression sickness. A group of t rained rescuers from the military

firefig hters (Corp o de Bomb eiros do Estado do Mato Grosso), provided

logistical support ,guaranteeing that an eventual vict im could be rem oved

from the cave and taken to th e hyperbaric chamber safe ly.

(eq 1)!!.L =k .(p - p)
ct J A J

During the first expedit ion, in May 2023, it became clear that , given

the extreme depth s of the systems, special prot ocols would have to be

used to assure the safety of the explorat ion team. All diveswere conduc­

ted in closed circuit rebreathes (JJ CCR, Sweeden). The gas chosen as

diluent consisted In a mixof 1O~ ;' oxygen, 70% helium and 20% nitrogen

and the rebreathers were set to keep the oxygen pressure at 121kPa(1.2

ATA - total pressure equal to gauge plus 0.93 atm of surface pressure)

throughout the dive, raising the oxygen pressure to 141 kPa (1.4 ATA)

at 162 kPa (6 msw - meters of sea water ). The mix chosen keeps the

densuy of the breathing gas lower than Sg L-1, reducing substantia lly

the riskof hypercapnia. Addit ional cylinders, containing enough gas for

each oneof the exploration divers to compl ete the dive safely out of the

closed-circuit units were placed in the cave. The mixes chosen for such

"bail out" gases were: (i) 10% oxygen, 70% helium and 20% ni tro gen;

(ii) 15% oxygen, 550,0 helium and 30% nitrogen; (iii) 21% oxygen, 35%

helium and 44~ ;' nitrogen ; (iv) 50% oxygen, 250,0 helium and 25% nitro ­

gen; and (v) pure oxygen.

All decompression schedulesweredefined usingZHL-16Calgorithm.

Compartments half-times for nitrogen and helium were set to the ori­

ginal valuespublished by BOhlmann (1984). Maximum supersatu ration

pressures for each compartment at the end of the dives were adju sted

so that the intercept a of the linear equations used to limit the compart ­

ment j supersaturation for a given ambient pressure P,m" in the format

p = ' ••• + a were mult iplied by 0.75, while factor b were adjusted
J b} J J

Where P, is the pressure of inert gas in compartment j, PA is the

alveolar (inspired) pressure of inert gas, and k, is t he inverse of the

half-time of the compartm ent mult ipli ed by the natu ral logarithm of 2

(kj=ln2 ' tl2j -l ). Solving (eq 1) we obtain :

P (II = p • e-.,.r + p • (1 _e" "')
J G.} A

(eq 2)

Where P" is the init ial pressure of inert gas in compartmentj at the

time 01 a change in the inspired gasand/or hydrostatic pressure.

2.3. Integration of Cave Maps with Surficial
Data

Using SIS software (Ferrari , 1998), cave topography parameters

exported from Ariane software were adjusted for magnetic declination

and georeferenced with GPScoordinates. The data were then exported

to the Autodesk DXFfile format. The DXFfiles im port ed into Global Ma­

pper software (Blue Marble, 2023) and Surfer software (Golden Software

2024) enabled the creation of maps and 3D vi suali zati ons of cave li nes,

integrat ing various surface data such as geology, dig ita l terrain models,

satelli te imagery , and cartographic informat ion . The combined visual

inspecti on of cave maps with th e other information provides pre lim inary

insights about the genesis and structure of the karst aquifer.
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3. Results

tunnel is relatively small, not allowing two divers to swim side by side
in most of the passages, and visibili ty is reduced due to accumulation

of silt. At a depth of approximately 90 meters the cave develop s into a
much larger tunn el heading ini tially to Wand after wi th inflections to
NWand NE(Fig. 3).

The maximum depths reached in the Pai Joao and Joao Terencio
caveswere 101metersand 109meters, respectively.The imagesbello w

(Fig.4 and 5) show the areas explored and aspects of the dives.

Appro ximately 900 meters of passages, mainly in Pai Joao Cave,

where explored. Although access to the cave entrance requires a much
more elaborate logistica l plan, thecondu it sare larger and water clearer.

The Pai Joao Cave develops in a vert ical tunnel of approximately

20 meters of diameter down to a depth of 50 meters, where it spli ts into

tw o diffe rent tunn els (bifurcation sector) that reconnect at a dept h of

approximately 80meters.At th ispoint thecaveformsa very large tunnel ,

whose dimensions were not yet determined, heading E and after with

inflections to NEand 5. On the 5Wwall of the entrance vert ical tunn el,
ther e is anoth er condu it at a depth of approximately 40 meters. This

passage leads to a well ·defined tunn el, heading init ially to 5W/W and

after with inflect ions to NWand NE. Depth goes up to approximately 30

meters , before start ing to descend at a constant slope down to a depth
of 100 meters . The survey line follows the right wall and, as the cave

reaches a depth of 100 meters ; both the left wall and the floor become

too distant to be seen, even in the extremely clear water found in the
cave. At th is point exploration continued NW, follo wing the ceiling of

the tunnel for approx imately 200 meters (Fig. 2).
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Figure 2: Pai J050 Cave lines: Plan view (A),simple 3D model (8) and 3D

with the surface topography. The rectangular possoges model consider

2-meter WFC distances to improve the visuolization.

The fluorescein dye released at Pai Joao, at a depth of approx i­

mately 40 meters (Fig.4D), in it ially appeared static , but after some
minutes, the plume followed slowly down by the 5W conduit of the

bifurcation sector.
The conditions at Joao Terencio spring caveare very different. The

caveentrance is located at adepth of 6 meters and descendsinto acons­
tant slope down to adepth of approximate ly 90meters.The descending

A

-

c

B
Figure 3: Plan view (A), simple 3Dmodel (8) and 3Dwith the topo graphy of
the lines ofsight ofJ050 Terencio Cave. The rectangu la r pa ssages model

consider 1-meter WFCdistances to improve the visualizotion.

The mapped linesshow that Joao Terencio Cave presentsstructu re
of an artesian spring,also known asvauclus ian spring. Due to pressure,

water rises to the surface from a depth of more than 109meters through

a nearly vertical condu it . Pai Joao Cave is not a spring; i t works as a
lake connected to ascending condu its ; the tracer released indicate flow

in the passages. Although the maps do not show the true contours of
the passages,divers in both caves perceive relatively small ascending

condu its connected to larger ones at the basal port ions of the caves.

Basedon GP5coord inates, the distance between the caveentrances

is 6.591 km; the topographic profile obtained with Copernicus digital
elevation model, with 30 m resolution (E5A, 2024), shows that Joao

Terencio Cave is approximately 18 meters higher than Pai Joao Cave.
The geological map (CPRM, 2004) shows caves positioned on the sou­

theastern flank of the anticline , along the contact zone between the
dolomites and the siliciclastic rocks of the Raizama Format ion (Fig. 1)

and an alignment between the general development direction of both

caves with the contact zone and geological lineaments (Fig 6. A and B).
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Figure 4: Images of Poi JOGa Cove: A-Aerial view of the dofine at Serra das Furnas; B· Cove entrance; C-Diver wi th cave en tra nce in ba ckground; D-Re­

leasing iluote sceine dye E, Fan G- ' .Iapping and exploration at different point s in the cave. Suba quo tic images by niri)! Egorov.

4. Discussion

4.1. About the dives

The dive plan and the safety measures implemented ensured

incident-free dives, facilit ating the exploration and survey. Lucky the

hyperbaric chamber infrastructure was never used.

The depth s of the system and the extreme exposures, in terms of

ambient pressureand times,cause thedivesto becomeexcessively long,

due to the long decompression required before the divers can safely

return to the surface. To illust rate the burden of thi s tim e of exposure,

it suffices to say that probab ilistic decompression modelscalculate the

incidence of decompr ession sicknessin this type of profile in the range

24

between 7% and 11%. That, in itself, just ifies th e infrast ructure brou ght

to the site to treat divers in the event o f a divin g related inj ury.

The ut ili zation of closed-circuit rebreathers in combinat ion with am­

ple open-circuit bail -out gas isa mandatory safety procedure, to ensure

that divers will be able to exit the cave, even in th e case of a failure in

the breathing apparatus. For futu re explora tions in the area, however,

the team will opt for the addit ion of spares clo sed-ci rcuit reb reath ers

as bail-out equipment, which will add even for safety for divers to deal

wi th unforeseen situatio ns.
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4.2. What th e caves reveal about the aquifer

The proxim ity and alignment of the caves with the silic iclastic ro­

cks at the syncline flank (Fig. 6 A and B), combined with the ascending

patterns of th e cave condui ts, ind icate th at the Rarzarna Form ation acts

as a barrier for the karst groundwater that flows towards the region al

base level, th e Cuiaba River. This conformatio n may concentrate and

promote upward flows along the lith ological conta ct zone, develop ing

conduits In subvert ical strata (Fig 6 C). Based on divers' percept ions, the

caves develop ed in this context have large conduits in the basal secto r

and relatively small ones rising tow ards th e surface. This cave formi ng

process lasted for thousands of years and relates to the evolution of

th e plateau that divides the Amazon and Parana hydrographic basins.

Figure 5: A and 8 - Aerial views ofJoiio Ierencio Spring ; C-Aspects of the spring; 0 , Eand F- Start diving procedures at cove entrance.

The top ographic data shows that Joao Terencio Cave is 18 meters

higher than Pai Joao (Fig. 6 D). This elevati on difference suggests that

a hydrological connection between them is improbable: a lake in the

system cannot be lower than the system'sspring. However, considering

the 30 m resolution of the topographic model used in the analysis and

potential imprecision in the GPScoord inates, the difference cannot be

categorically confirmed.

From these considerations, two hypotheses arise: A) the caves are

part of the same system; B) the caves are independent systems. Under

hypothesis A, a t racer test can confirm the conn ection betw een the

25

caves. However, although Pai Joao Cave is at the bottom of an ephe­

meral sinkhole, it disp lays characteristics of a vauclusian cave, raising

anot her possibil ity: during geological evolu tio n, bot h caves wer e port

of a distributary vauclusian system.At some poin t , the drainage became

more effect ive at Joao Terencio spring and Pai Joao Cave functioned

as an estavelle , before ceasing its spr ing function. Under hypothesis

B, the challenge is to discover th e output(s) of the Pai Joao system;

nevertheless, the hypothesis of a vauctusian sprin g that lost its ori ginal

hydrological function is also valid.
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5. Conclusion

The SerradasFurnasexploration project, in special Pai Joao sinkhole

e JoaoTerenc!o spring representsan incredible logistical challenge. Due

to theextreme depthsencountered,each diver needsmore than 100 kgof

equipment, which must be taken and retrieved from thecavefrequentl y.

In thecaseof Pai Jofio, thistransportation iseven morechallenging,given

the distance between the road and the actual cave entrance.

The integratio n of geological and geomorphological information

with the knowledge obtained dur ing the dives led to an understandin g

of the karst aquifer and the formulation of conceptua l mode ls about the

genesis and evoluti on of the caves.

The in ferences presented are just t he fir st step for th e futur e resear­

ches wi th the caves of Serra das Furn as. Certai nly, und erstandin g the

karst in the region wi ll require hydr ological monitoring and experiments

with natural and artificial t racers, besides of course, the maintenanc e

of underwater explorations.

Pai loao Cave (Pl) Dolomite Joao Terencio Cave (JT)
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Figure 6: A and B - Alignment of the caveswi th geologica/lineaments and the concact zone between the dolomite an d rocks ofRaizama Formation.

C•Geo/ogic profile near Poi Jooo Cove and i ts approximate location in the region al topographic profil e. D - Topographic profile showing the loca tion

ofboth caves.
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