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Abstract
In central Brazil , high temperatures and a strongly seasonal hydrological regime increase potent ial evapotranspiration, raising drought risks

and threatening local ecosystems. Understand ing how c1 imate variat ions driven by rising global temperatures impact regional c1 imate and
water availabi li ty is crucial. Monitoring studies perform ed in well-ventilated caves of central Brazil revealed that changes in relat ive humidity

and potential evaporat ion signif icantly influence the hydrological cycle, as detected through oxygen and carbon isotope ratios. This study

focusing on the Lapa da Onça cave,located in the Peruaçu Kasrt canion the in north ern Minas Gerais state. The study aimed to determine how
temperature, relat ive humi di ty, and precip itat ion impact carbon and oxygen isotopy in speleothems of open cave systems.

Our find ings show ed that calcite deposit ion rates depend not only on water availabil ity in aquifers but also on environmenta l condi tions,

closely linked to temperature. Addit iona lly, temperature and relative humidity directly influence the isotopic behavior of carbon and oxygen.

Temperature had a stronger impact on seasonal variabil ity of 8"0 and 8"C, while relalive humidity has significantly affected on iterannual
variabil ity of =8'·0. These parameters revealed a c1ear seasonal cycle, aligned with patterns of high temperature and humidity, highlighting
the ir crit icai role in understanding regional hidroc limate dynamics.

1. Introduction

Speleoth ems are considered by the scienti fic community ashighly

precise paleoclimat ic records, capable of provid ing high-resolut ion
chronological informat ion, including annua l and sub-annua l scales.

Their chemic al and isotopic variat ions reflect changes in c1imatic and

environmenlal parameters such as temperature and precip itation de­
pending on the local environmental condi tions (FAIRCHILD et aI.,2006).

However,advancing research in th is field requiresa broadergeographical

distribution of records and mon itoring of environmental dynamics in

karst systems to more accurately relate c1imatic factors to geochemical
and isotopic variations.

Despite glob al advancements, there are still few studiesthat connect

current environmental dynamics with geochemical proxyes such as
stable isotopes, trace elements, and caleite deposit ion rate on trop ical
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cave site . This gap limits the reliable interpretation of paleocl imat ic
and paleoenvironmental records, as the hydrogeochemical responses

of karst aquifersarehigly dependent on local conditions. ln th iscontext
new monitoring efforts areessential to prevent ambiguous or erroneous
interpretations .

This study focus on Lapa da Onça, a well -ventilated cave located

in the in the North of Minas Gerais State in a region occupied by the
Brazilian Cerrado biome, a savannah-type vegetat ion characterist ic

of an tropical seasonal c1imate with dry winters and rainy summers
(Stríkis et al., 2024). The primary object ive of this study is to enhance

our understanding of how environmen tal conditions, associated with
cave atmosphere temperature and relativy humid ity, affect the carbon

and oxygen isotope signals recorded in speleothems.
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2. Materials and methods

2.1. Hydrogeoehemiea! and Isotopie
Monitoring of Onça Cave
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The mon itori ng of Onça Cave began in February 2018and was con­

du cted monthly unt il Novernber 2019. Frorn earlier March to Decernber

2020, no sampling activit ies wore conducted due to the COVID-19 pan­

demi c. From th e beginning of 2021, sampling carnpaigns were resumed

on a monthly basis un til September 2023.

The monitoring occurs at five specific points in the cave, ident ified

as PI to P5, with installat ions ranging from arcas near l he entrance to

int ern ai regions with acti ve dripping. as shown in Figure l.

Data of local rainfall , ternperatur e, and humidit y (externai and cave

environmet) were collected usíng auto rnate data Ioggers rnanufactur ed

by Hobbo, mod el U23-00, whi le drip rate was manually measured with

stopwatches dur ing Iield visits.

Figure 1: Hydroqeocbemicat monitoring points instolled in Onço cave.
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Isot op ic analyses of carb on (813C) and oxyge n (8" 0) were perfor­

me d at L1ESP-CPGEO of IGc/U SP usi ng a Delt aPlu s Advan tage mass

spect rometer. During th e process, calei um carbo nate reacts with H'pO,.

releasing CO,.Thísgas is separated via gas chro matogra phy and analyzed

aut omaticall y.lsotopic ratios are measured w ith a preeision of ±0.08%,

(" C/" C) and ±0.1 %0 (" 0 / " 0) and expressed in parts per th ousand (%0)

relat ive to th e in terna tional VPDB standard. The values are corrected

using inte rnational stand ards (NBS-18, NBS-19) and internai standards

(REI, VICKS).

2.3. Isotopie Analysis of 8180 and 813C in
Reeent Carbonate

Figure 2: A) Comporison between Onça Cave daily mean temperoture

(black) and the extern ai env ironment (red). 8) Comparison between

daily mean cave atmosphere relative hum id i ty (blue) and the externol

relative humidity (red) and mon thly precipitation (grey). Meosurements

Irom externa i environment were obtained Irom the local meteorotoçicoi
station Irom the Instituto Naciona l de Meteorolog ia (lNMET- OMM:88336)

at Január ia City, locoted 40 km soutbwest oi the cave.
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2.2. Caleite Samp ling fo r Isotopie Analysis

To monitor th e caleit e precip ita tion rate and the oxygen and carbon

isotopic composit ion of speleotherns,calcite depositi on experiments were

carried out on art ificial subst rates. For this purpose, we used concave

glass substrates replaced at monthly basis at th e monitoring sites Pl to

P5 (Figure 1). The glass subst rate installed in the cave are sandb lasted

beforehand to create a rough surface that facil itates calci te deposit ion.

These substrates are fixed at moni to ring points using epoxy resin. De­

posi tion rates are determined by weigh ing th e subst rates abefore and

after the sampling.

Calci te samples for isotope analysis coll ected by scraping t he glass

substrate at 3 to 4 points, following the procedures outl ined in STRíKIS

et ai (2024).
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Figu re 3: Comporison between cave mean deposit ion ro te (blue) and

monthly mean cave temperature (red) at Onça Cave.

3.4. Stable Carbon and Oxygen Isotopes in
Recent Carbonate
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lhe relationship between temperature, relat ive humidity, and

isotopic values 01 ó"O and óllC was analyzed. Ra inlall was excluded

as it only controls the drip rate. lhe comparison between temperature

and cave mean ó"C and ó" O calculated for the five monitored point

(here presented in z-scorevalues) shows a good consistence in respec

to seasonal (intrannual) variability (Figure 4A). Variations in calcite ónC

and Ó"O exhibit a coherent relat ionship wi th cave reiative humidity.

Notably,lower humidity leveiscoincide with10weró" 0 valuesand higher

temperatures dur ing October and November, while higher hum idity

and elevated ó" O values are observed in the cooler months from May

to August (Figure 3B).

Stable carbon (0"C) and oxygen (0"0) isotopes were analyzed in

520samplesof recent carbonatescollected frorn 130glassslidesacross

five monitoring points. lhedata,presentedgraphically, show consistent

seasonal and interannual variations, with a trend of reduction over

t ime. Normalized curves highlight relat ive variat ions in 0"0 and ónC.

with amplitudes ranging from ·2 to 2. Both norm alized averages (data

on z-score) reveal similar patterns,suggesting aprogressive decreasein

ó" Oand óllC valuesacrossthe live pointsduring themonitoring period.

3.5. Relat ionship Between Environmental
and Isotopic Parameters
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Drip rates measured at live points in Lapa da Onça Irom 19seconds

to 12minutes and 29 seconds. To compare the se points, data were nor­

malized using the z-score, allow ing for anal ysis of seasonal variations

on a relat ive scale. The comparison suggest seasonal consistency, with

peaks in September 2018, January , Jun e, August, and September 2019,

December 2021, and September 2022 and 2023. Drip rates respond to

monthly rainlall peaks afte r 6 to 9 mo nths, indicati ng the influ ence 01

autogenic recharge and water percol ati on t im e through the karst.

The monitored calcite de posit ion rate was nor malized using the

z-scoreO,Aseasonal pattern was observed, with peaksbetween January

and May.lndivi dual comparison s revealed a str ong consistency between

drip rate and calci te precip itation ,although some discrepancies remains.

3.2. Dri p Rate

lhe env ironme ntal monitoring of Onça Cave began on 02/20/ 2018,

wrth temp erature measurements taken at three distinctlocations: near

the cave entrance, in the cen ter 01 the cave, and within the innermost

part of the monitored cave chamber. lempera tu res range Irom 16°C

to 26°C, with lower amplitudes in the interior (16.8·C to 22.9°C). Peaks

occur frorn October to Apr il (21°C to 24°C), wh ile minim um values are

recorded between Jun e and August (I7"C to 19°C) (Figure 2). Seasonal

contro l is influenced by exte rnai temperature, closely following externai

minimums (r = 0.75, p-valeu -c 0.05) Relat ive humid ity, ranging from

51% to 100%, gradually increased frorn 2018 to 2023, correlat ing with

seasonali ty and precipitat ion (Figur e 2). lhe wettest mo nths (November

to March) coincid e with higher rainlall , whi le the driest months (June

to September) show a gradual decrea se in humidity (Figure 2). lhe

relation ship between inte rnai and externai temperature and humid ity

demonstrates env ire nme ntal impact s on the cave.

3.3. Calcium Carbonate Depo sit io n Rate

3.1. Environmental Parameters of Gruta da
Onça

3. Results
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Figure 4: A} Camparisan of ó180 and ó13C fro m calci te precipita ted in ar tificial substra ces (doto 011 e-score) lVith tbe cove otmospheretempera ture

anomoly during the monitored period. B) As in . A. but witb tbe relotive humidity. Note the teversal of the Y·oxis scole in the groph in B.
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4. Discussion

The envi ro nmcntal Iactor s influencing isotopic cornpo sitio n at

Onça Cave cave were anatyzed on a seasonal scale. The cavc's average

tem peratu re f1u ctuates by 8.3°C, ranging írom 16.2°C to 24.5°C, with

maximurn valuesoccurring between October and MarchjApril and mini ­

rnum values between June and August (l5.8°Cto 16.2°C). This seasonal

am plitude of 8.5°Cis signi lica nl ly higher than in conlined caves,such as

Lapa dosAnjos (STRIKIS, 2015), located close lh e OnçaCaveand where

varia t ions roach only 0.5°e. rnternally, lh e cave's ternperatu re is more

closely alig ned wi th externai minirnurn ternperatures.

Relativo humidity at Onça Cave averages around 85%, wi th sea­

sonal íluc tuatlons mirroring externai condi tion s. This contrasts wi th

caves of rostr icted air circulati on, where humid ity is consistently near

100% (STRIKIS, 2015;CRUZ et al., 2007). Thecave'sdrip rateshowsa delay

016 to 9 mo nths relative to rainíall peaks, reflecling the time require d

lo r meteoric water to percolate through lh e karst system.

Drip rate iscruci al Ior CaCO, deposit ion but not the sole controlli ng

lacto r. Ternperature plays a signi ficant role by aHect ing CO, solubili ty;

higher ternperatu res decrease CO, solubility, promot ing calci te preci­

pit al ion thr ough degassing (DRE YBDROADT,2005; FAIRCHILD & BAKER,

2012).Thishighl ightsthe interplay between temperature and deposit ion

rates in the cave environment.

scasonat isotopic data (0"0 and OI 'C)show consistent cycles linked

to variati ons in temperature and humidity,both 01which influencespeleo­

th em isotopic composition. Low humidity induceskineti c Iraction ation ,

5. Conclusion

The Iive-year geochernical and hydro logical monitor ing01the Onça

cave, in Cent ral Brazil, revealed how temperature and humidi tyinfluence

the geochernist ry 01 speleothem carbonates,enabling the identificat ion

01clirnat ic effects dri ven by temperature and relat ive hurnldity, The

cave ternperature ranges from 16.2°Cto 24.5"C,adjusting with externai

rninimums, and with rnaxirnurn values occurring Irorn October to Mar­

ch/April. Relative humidity shows greater variatio n near the entrance

and smaller f1uctuation s in the interi or, remaining consistent across
monito ring points.

Drip rates, higher between June and September, respond to ac­

cumulated rainlall with a delay 01several months, influencing CaCO,
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