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Abstract UDC 551.444.3:551.3.051(815.142.5)
Isabel Pires Mascarenhas Ribeiro De Oliveira, Daniel Correa,
Rodrigo Lopes Ferreira & Augusto Sarreiro Auler: Rising wa-
ter flow as a factor of organic material importation into caves
The Carltcio Cave is located on the left bank of the Peruagu River
canyon, in a National Park located in the semiarid zone of Minas
Gerais, Southeastern Brazil. Although the Carlucio Cave is in an
unfavorable relief position in terms of material importation into its
interior, it harbors an important fossil deposit. This paper sought
to investigate such fossil assemblage and describe material impor-
tation and deposition events. For that purpose, a survey of the ex-
isting fossils was conducted, including a description of the deposi-
tion sites and taphonomic signatures. A topographic survey was
carried out of representative samples and the deposit chronology
was established by means of carbon-14 and uranium-series dating.
The fossil assemblage comprises mainly terrestrial epigeal mollusk
shells, totaling 1,399 individuals, 70% of which are Drymaeus sp.
(Bulimuloidea, Bulimulidae). In addition, 20 bones, 57 vegetal
deposition sites, four charcoals, one palm fruit and one corncob
were recorded. The cave location and morphology and the de-
posit’s taphonomic signature indicate that the material was carried
upward by the rise in water level (WL) of the Peruagu River due to
episodic barriers to the natural river flow, followed by floating and
retention of the material once the WL went gradually down. At
least four flood events that reached the Carlucio Cave were identi-
fied in the Peruagu River canyon during the Holocene. This study
provides evidence of a mechanism of material transport and accu-
mulation in the cave caused by the rising water flow in connection
with flood events in the river canyon.

Key words: Cave deposits, Holocene chronology, fluvial geo-
morphology, Peruagu River canyon.

Izvlecek UDK 551.444.3:551.3.051(815.142.5)
Isabel Pires Mascarenhas Ribeiro De Oliveira, Daniel Correa,
Rodrigo Lopes Ferreira & Augusto Sarreiro Auler: Narascanje
nivoja vode kot faktor vnosa organskega materiala v jame
Jama Carldcio je na levem bregu kanjona reke Peruagu v na-
cionalnem parku na polpuséavskem obmodju province Minas
Gerais v jugovzhodni Braziliji. Ceprav je jama v neugodnem
reliefnem poloZzaju glede vnosa materiala, v njej lezijo pomem-
bne fosilne najdbe. Ta ¢lanek je poskusal raziskati fosile in opi-
sati dogodke vnosa in odlaganja materiala. Zato smo pregledali
obstojece fosile ter med drugim opisali odlagali$¢a in tafonom-
ske podpise. Izvedli smo topografsko raziskavo reprezenta-
tivnih vzorcev ter z dolo¢anjem starosti z ogljikom Cl14 in
uranovo serijo vzpostavili depozitno kronologijo. Fosilni os-
tanki obsegajo predvsem kopenske epigealne mehkuzce s 1399
posamezniki, od tega 70 % Drymaeus sp. (Bulimuloidea, Bu-
limulidae). Poleg tega smo opazili 20 kosti, 57 rastlinskih talis¢,
§tiri oglja, eno palmovo sadje in eno koruzo. Lokacija jame, nje-
na morfologija in tafonomske raziskave sedimentov nakazujejo,
da je material odneslo navzgor s porastom nivoja vode reke Pe-
ruagu zaradi epizodnih ovir pri naravnem toku reke. Temu sledi
lebdenje in zadrzevanje snovi, ko je nivo postopoma upadel. V
holocenu smo v kanjonu reke Peruacu identificirali vsaj $tiri
poplavne dogodke, ki so segli v jamo Carlucio. Ta $tudija doka-
zuje mehanizem materialnega transporta in akumulacije v jami,
ki jo povzro¢a narascajoci nivo vode v povezavi s poplavnimi
dogodki v re¢nem kanjonu.

Klju¢ne besede: jamski sedimenti, holocenska kronologija,
re¢na geomorfologija, kanjon reke Perugu.
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INTRODUCTION

Cave deposit studies have singularly contributed to the
understanding of paleoenvironments. Chemical depos-
its have proved to be excellent paleoclimatic markers of
the Pleistocene, while clastic deposits have helped un-
derstand the dynamics of caves and their surroundings.
Recent studies on organic deposits in caves have brought
promising results as to their geochronological applica-
tion and paleoenvironmental significance (e.g., Neves &
Pil6 2003; Auler et al. 2006; 2009; White 2007; Polk et al.
2007; Wang et al. 2007; Moldovan et al. 2011; Hubbe et al.
2011; Hubbe & Auler 2012).

Caves in which identification of organic deposits
is most probable are those whose relief position facili-
tates material importation (e.g., caves in doline bottoms
and caves linked to fluvial drainage). Literature provides
extensive descriptions of organic deposits in caves, and
such occurrences are usually temporally correlated to
clastic import events.

Organic deposits in the Carlucio Cave consist of
a remarkable fossil assemblage, particularly shells. This
kind of deposit is commonly found in Brazilian caves,

but few studies address their paleoenvironmental signifi-
cance (e.g., Cartelle et al. 1998; Ferreira 2003; Baptista
& Morato 2003). This study analyzes organic deposits
found in the Carlicio Cave from a geomorphological
perspective, i.e., it takes into consideration the cave posi-
tion and the source areas of organic material. This ap-
proach involves clear paleoenvironmental significance,
since the present conditions could not lead to the forma-
tion of such deposits.

This paper seeks to correlate events of organic ma-
terial import and deposition in the Carlicio Cave with
specific former environmental conditions that led to the
formation of these deposits. The content of such deposits
was used as proxy chronological records for the recent
paleoenvironmental reconstruction of the Peruagu val-
ley. This paper also presents the inventory, taphonomy,
chronology, and paleoenvironmental assessment of the
Carlticio Cave fossil assemblage. The results can also be
taken as additional input to better understand the re-
gion’s prehistoric human occupation: once it was found
charcoal a corncob on the fossil assemblage.

STUDY AREA

THE KARST OF THE PERUACUY RIVER AND
CARLUCIO CAVE
The Carltcio cave is located on the left bank of the Peruagu
River canyon, in a National Park in the semi-arid region
of Minas Gerais state, southeastern Brazil. It is one of the
most important, internationally relevant speleological and
geomorphological sites (Pilé & Rubbioli 2003).

The Peruacu River bed is a fluvio-karstic system con-
sisting of an approximately 17-km-long breakdown can-
yon with surface and underground (cave) reaches, marked
by a sequence of sinks and resurgences (Fig. 1). The can-
yon develops into Neoproterozoic carbonate sequences of
the Bambui Group, with sub-horizontal limestone with
90% CaCO, content (Pil6 & Rubbioli 2003).

The Carlucio Cave is located on the left bank of the
Peruacu River canyon on medium to steep slope (Fig. 2.
Entrance coordinates UTM 579.224 and 8.332.151; axis
23L; Cérrego Alegre Datum). The cave is located upstream
of the Brejal Cave, which is the first underground section
along the Peruacu River (Fig. 1).

The Carlucio Cave has a single entrance approximate-
ly 22 meters above the Peruagu River bed. This entrance
is the highest point; the cave floor is three to nine meters
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below this elevation. The cave features a straight plani-
metric pattern in a single 160-m long conduit (horizon-
tal projection) split into two different compartments. The
first compartment is about 100-m long over a descending
plane starting at the entrance. It is wide, photic, and cov-
ered with clastic deposits. The second compartment is al-
most perpendicular to the first one and shows a number of
rimstone dams in the twilight zone at the immediate tran-
sition with the first compartment. This conduit becomes
narrow, low and totally aphotic as it advances toward the
cave interior. The cave floor, walls, and ceiling are covered
with chemical sediments. The second compartment’s mor-
phology is marked by the presence of rimstone dams and
columns that set many individual chambers apart (Fig. 2).

This paper’s study area is the aphotic compartment
of the Carltcio Cave. This compartment shelters the larg-
est fossil deposit and shows minimal external disturbance.
Fossils are found in all environments of the aphotic area
in association with chemical deposits and cave floor and
walls. In the photic area of the cave, few organic deposits
are also found, but this portion of the cave was not consid-
ered for the research since it shows large external influence
that could compromise the data source.
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KARSTIC CANYON OF THE PERUAGU RIVER AND CARLUCIO CAVE
~ \ d

PERUACU RIVER FLOODS

The opening of the Peruagu River canyon by collapse and
exposure of the drainage gave rise to large deposits of
breakdown blocks. These are huge clastic deposits that
cover the ground and sometimes obstruct the river flow.

The occurrence of large floods in the Peruagu River
has already been reported by several authors who de-
scribe the river siphoning by breakdown block deposits
as the cause of such floods (Anjos 1918; Rubbioli 1999;
Ferreira et al. 2003; Oliveira 2008; Oliveira et al. 2009;
Coelho 2013; Rodet et al. 2015).

Upon studying logs found in the Carliucio Cave

Fig. 1: Location of the karstic can-
yon of Peruagu River, highlighting
the Carliicio Cave area. The arrow
indicates the location of the On¢a
Cave, where the Peruacu River is
siphoned due to presence of a large
breakdown block deposit. Source:
Rubbioli et al. (2003).

photic zone, Coelho (2013) maintains that it is pos-
sible to associate log importation to the existence of
a large deposit of breakdown blocks in the Onga Cave
a few kilometers downstream (Fig 1). According to
Coelho, the resulting siphoning at this point could
have raised the water level (WL) by up to six meters
above the Carltucio Cave entrance elevation. It is be-
lieved that the WL rise up to this elevation is due to
both natural flow limitation and periods of greater wa-
ter availability. The author’s findings point to tree log
ages of 340 + 20 years BP (Tr-01) and 800 + 20 years
BP (Tr-02) (Tab. 1).
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PROFILE

L
'\—qa’%’%&rﬂ_ s

Fig. 2: Topographic plan and sec-
tions of Carliicio Cave. Source:
Modified from GBPE (2003).
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Tab. I: *C dating of tree logs found in the Carliicio Cave by Coelho (2013).
. 1Bc/12C Conventional age
Sample ID Lab number Material dated Ratio (“C age yr, BP) pMC
Tr-01 (TC-05)* UGAMS - 12595 wood -27.1 o/oo 340+ 20 95.82+0.26
Tr-02 (TC-04)* UGAMS - 12594 wood -25.5 0/o0 800 + 20 90.53+0.25

METHODS AND TECHNIQUES

A comprehensive fossil survey was carried out, includ-
ing a description of the deposition site and taphonomic
signatures. The base map used to locate the identified fos-
sils is BCRA grade 4C, which was kindly provided by a
speleology group (GBPE 2003). The height of the fossils
in relation to the Peruacu River bed was determined by
means of field topographic survey. Data were digitalized
through OnStation and CorelDraw software.

Shells of the Drymaeus and Megalobulimus genera
were identified to the lowest taxonomic level accord-
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ing to Simone (2006), since they are the most abundant
shells. The remaining shells were grouped in the Pul-
monata category. A corncob was found and identified
in comparison to material described by Freitas (2001).
Bones of large mammals were identified to species level,
whereas in the case of the palm fruit, the identification
was limited to the family. The remaining plant remains
and bones were not taxonomically identified given the
degree of material alteration.

The deposition chronology was determined by car-
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bon-14 dating of organic remains conducted by Beta
Analytic (Florida, USA) and through uranium-series
dating of the respective calcite covers carried out at the
University of Minnesota (USA). The age found by "C
dating represents the maximum age, whereas the calcite
cover age was the minimum age of imports.

Three samples were dated by means of "C, one tree
log and two shells of Megalobulimus sp. located at high
elevations and at distant deposition sites. Shell samples
F-02 and F-06 were submitted to etching pre-treatment
and the log sample F-03 to an acid / alkaline / acid se-
quence treatment. Radiometric analysis was applied to
samples F-02 and F-03, and atomic mass spectroscopy
(AMS) method was used for sample F-06. Calibrations
were calculated based on Reimer et al. (2004) and Talma
and Vogel (1993) using the IntCal04 database.

#0Th/?*U uranium-series dating was carried out
through the inductively coupled plasma mass spectrom-
etry (ICP-MS) method. The respective half-lives were es-
tablished according to Cheng et al. (2000). The samples,
notably F-02, presented detritic contamination, which was
corrected for initial **™ using an initial **Th / #**Th atomic
ration of 4.4 x 10 £ 2.2 x 10. Those are the values for a
material at secular equilibrium, with the crustal 2*Th/>*U
value of 3.8. Errors are arbitrarily assumed to be 50%.

IMPORT OF MATERIALS, ESPECIALLY SHELLS,
INTO CAVES
Lund (1845) recognizes five processes through which
materials are carried into caves: (1) carried by predators;

(2) fall into cracks; (3) death of animals while crossing
a cave; (4) death of resident animals; and (5) transport
by runoft. The latter stands out as the prevailing mate-
rial importation mechanism, which is already well es-
tablished in Brazil (e.g., Lund 1845; Paula Couto 1953;
Cartelle 1994; Souza 1999; Auler et al. 2009).

Chambers and Steadman (1986) define the follow-
ing means of importing epigeal terrestrial mollusks — the
prevailing organisms in the Carlucio Cave’s fossil assem-
blage - into caves: (1) retreated into moist areas during
daily or the dry season; (2) carried by birds, rodents, or
lizards as prey items; or (3) transported along with the
sediment influx during periods of extremely high rain-
fall. Importation through sediment flow is pointed out
by the authors as the prevailing form of accumulation of
terrestrial mollusks in caves.

Inventories and taphonomic and paleoenviron-
mental studies of molluscan fossil assemblages are com-
monly found in the literature, but they refer mainly to
sedimentary deposits and notably occurrences of aquatic
species (e.g., Clifton 1971; Cowling et al. 1999; Walker &
Goldstein 1999; Aguirre & Farinati 1999; Kidwell 2001;
Yesares-Garcia & Aguirre 2004; Yanes et al. 2008; Szy-
manek et al. 2016). The few studies on the occurrence of
epigeal terrestrial mollusk deposits in caves confirm that
they are associated with sediment deposits (e.g., Lozek
1980; Chambers & Steadman 1986; S. Alexandrowicz
2000; W. Alexandrowicz 2000; Svoboda et al. 2000; W.
Alexandrowicz & Stworzewicz 2003; W. Alexandrowicz
& Rudzka 2006).

RESULTS

FOSSILS SURVEY

The fossil assemblage found in the Carlicio Cave’s apho-
tic zone comprises mainly shells of epigeal terrestrial
mollusks of the families Bulimulidae and Megalobulimi-
dae. No extinct taxa have been identified, and the species
identified still occur in the study area. Tab. 2 shows the
survey results, and Figs. 3-5 illustrate some of our find-
ings.

DEPOSIT TAPHONOMY
The Carlucio Cave fossils are not associated with sedi-
ment deposits. These fossils are abundantly distributed
across different cave elevations and plan. The greatest
fossil concentration and diversity are found in the inner-
most portions of the cave, associated with calcite floors
and great diversity of speleothems (Fig. 6).

Bones are associated with calcite floors or rimstone
dams, showing greater weight and pointing to possible
transport near the cave floor. Vegetal material was found
associated with varied chemical deposits, almost all ce-
mented with calcite. With specific regard to shells, 1001
records were cemented with calcite or embedded in spe-
leothems or gaps, while 398 were loosened.

Most of the fossils are found along columns or close
to such speleothems’ base. The incrustation type is relat-
ed to the type of speleothem with which the material is
associated. Most of the encrusted samples have smooth
surfaces as a result of the seepage water flow over the fos-
sils in rimstones, columns, stalagmites and flowstones.
Fossils found inside rimstone dams show a rough sur-
face, with a high level of incrustation as a result of their
partial or total immersion in water (Figs. 7, 8).
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Tab. 2: Census and taxonomy of fossils found in the Carliicio Cave.

TYPE QUANTITY (un) | REMARKS
990 Drymaeus sp. Albers, 1850 (Bulimuloidea:
Bulimulidae);
Terrestrial 1,399 171 Megalobulimus sp. Miller, 1878
mollusk shells (Strophocheiloidea: Megalobulimidae);
238 order Pulmonata.
16 bones of small animals
Bones 20 01 skeleton of Passeriform;
03 bones of large mammals.
Xz;g)‘ce)tsai‘tl'ion site 57 Leaves, logs and branches.
Pe?lzfcs)i?\?er;etal o1 g?;ﬁﬁi il:)vL::odn;cec;Itjmn was identified as WL Mark in
remains ’
Charcoal 04 Carbonized vegetal material.
Palm fruit 01 Family Arecaceae Jussieu, 1789.
Corncob 01 Zea mays mays Linnaeus, 1753.

Fig 3: A) B) and C) encrusted Drymaeus sp. Shells; D) and E)
Megalobulimus sp. shells; F) shell of the subfamily Streptaxinae,
generically belonging to the order Pulmonata; G) very encrusted
shells, generically belonging to the order Pulmonata. Source: Ol-
iveira (2008).
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Fig. 4: A) disarticulated Passeriform skeleton; B) humerus of Tapi-
rus terrestris (tapir); C) and F) incrusted tree logs; D and E) fossil-
ized leaves found in column speleothems. Source: Oliveira (2008).
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Leaves, logs and branches are dispersed on the floor
(Fig. 4 C) usually close to speleothems’ base, and found at
a height, deposited above floor level indicating flotation
(Fig. 4D, E, F).

Shell fossils were intact and had no sediments in
their inner cavities. Shells in the aphotic zone of caves
experience little or no predation or bioerosion.

Shell apex shows a planar, polymodal orientation,
without flow orientation (Kidwell ef al. 1986). There is no
preferred orientation of the concavity in the vertical di-
rection. The upward position of concavity in many sam-
ples indicates a decantation mechanism, but corresponds
to a hydrodynamically unstable position easily reworked
by post-deposition perturbations, such as emptying of
the cave or subsequent floods.

The main fossil locations were recorded in rela-
tion to the Peruagu River bed (Fig. 9). A Drymaeus sp.
shell was the highest record, 19.6 m above river level.
Dated samples were at 14.4 m (F-02 Megalobulimus
sp.), 19.1 m (F-03 tree log), and 19.3 m (F-06 Megalob-
ulimus sp.) above the Peruagu River water level (Tab.
5). A WL mark was found in a lentic environment sur-
rounding a column in the distal portion of the second
cave compartment, at 16.9 m above the river bed. Also,
a leaf was recorded at 19.1 m above the Peruagu River
water level.

CHRONOLOGY
Dating flood events that led to fossil importation is pos-
sible only indirectly. Carbon-14 dated ages refer to fos-
sil material at the time the organism died and became

ST

Fig. 5: A) Water level mark in a lentic environment containing veg-
etal remains around a column speleothem; B) encrusted palm fruit
of the family Arecaceae; C) charcoal in a column speleothem; and
D) fossilized Zea mays mays corncob. Source: Oliveira (2008).

available in the environment, which possibly took place
some time before the transport and deposition event.
Conversely, the ages of °Th/**U-dated samples repre-
sent both the age of the samples’ calcite cover and the
minimum age of the events, as the calcite layer deposi-
tion was subsequent to the material importation (Tab. 3;
Tab. 4; Tab. 5).

Legend
A vegetable (leaf/wood)
C 1 shell
mm bone
@ S5shells
charcoal
. 10 shells ¥
& palm fruit NM _&
| E 2003 .
.50 S =s= corncob ‘ J
0 10m 4”’i-;

LOCATION OF THE FOSSIL ASSEMBLAGE - CARLUCIO CAVE

Fig. 6: Location of the fossil assemblage in the Carliicio Cave’s aphotic zone. Source: Oliveira (2008).
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Tab. 3: Age of 14C-dated fossil samples.
. 13c/12C Conventional age 20 Calibration
Sample ID Lab number Material dated Ratio (14C yr BP) (Cal yr BP)
F-02 Beta - 240538 shell -11.7 %0 3260 + 50 3600-3380
F-03 Beta - 240539 wood -26.4 %0 1610 £ 50 1610-1390
£06 Beta - 240540 <hell 8.4%0 9650 + 40 11190-11060 and 11020-11010 and 10960-
10800
Tab. 4: Uranium-Thorium-dated calcite covers.
Sample 232Th d234u [230Th/238U] [230Th/232Th] Age Age
ID 238U (ppb) (ppt) measured activity (ppm) uncorrected corrected d234uUinitial
F-02 335.2+1.0 | 12494 +48 | 299.7+4.5 | 0.03062 +0.00111 13.5+0.5 2.594.9+95.7 | 1.758.5+430.5 | 301.2+45
F-06 1230.0+3.2 | 2362+7 371.4+19 | 0.09914 + 0.00051 850.5+4.5 8.149.0+44.7 | 8.108.5%49.0 380.0+2.0
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Fig. 7: A) and B) shells found in columns and column bases; C) : g5
in calcitic floor; D) in rimstone dam; E) and F) flowstone. Source: - s :
f 7 Sl o e

Fig. 8: Smooth surface incrustations associated to A) and B) col-

Oliveira (2008).
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umns, C) rimstone micro-dams, D) flowstone, and E) rimstone

dam edges. Rough surface incrustations associated to F) and G)
rimstone dams. Mixed surface incrustation at H) with smooth up-
per face and rough lower face at the rimstone dam edge. Source:

Oliveira (2008).
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Tab. 5: Altimetric and chronological data of dated samples.
. Altimetry
Sample ID Material dated / Lab, Age (yr BP) Correlation (above the Peruagu River bed level
number .
during the dry season)
¥“Cin shell . |
Beta - 240538 3260+ 50 Maximum age
F-02 144 m
Calcite cover 2°Th/?*U 1701.5 + 430.5 Minimum age?
*C in wood . .
F-03 Beta - 240539 1610+ 50 Maximum age 19.1m
AMS*C in shell . |
Beta - 240540 9650 + 40 Maximum age
F-06 193 m
Calcite cover 2°Th/#*U 8051.5 £ 49.0 Minimum age?

1 Direct determination on fossil;
2 Dating of overlying material

LEVEL OF DEPOSITION OF THE SAMPLES
DATED, HIGHER SAMPLE DEPOSITED AND
WATER MARK LEVEL IN THE PROFILE OF

CARLUCIO CAVE
Samples dated A = A
Entrance level 21.9m
193 o e T ————
SM) 19.1m —
(F-US) [F‘03] 14.4m F
(Fo2) .~

Peruagu River

B B’
MU
19.3m I8 =
19.1m
(F-06) (F-03) 14.4m
(F-02)

Peruagu River

Higher sample and water mark level

A
Entrance level 21.9m
Maximum level 19.6m T
Water mark level 16.9m %g\}y i
N %—gé
Peruacu River =3
B B’ Fig. 9: Levels of deposition of col-
ik [T lected and dated fossil samples,
. - — 17 .
PEP——————— R the highest sample found, and the

water mark in the profiles of two
segments in Carliicio Cave and in
Peruagu River relation to the Peruagu river level.
Source: Oliveira (2008).
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Tab. 6: Ages of flood events causing import of samples.

Event Age
Sample ID Age (yr BP) Event (yr BP)
Tr-01* - wood 340+ 20 4 320 to 360
Tr-02* - wood 800 + 20 780 to 820
F-03 - wood 1610 + 50

2 1560 to 3310

F-02 - shell From 3260 + 50 to 1701.5 + 430.5
F-06- shell From 9650 # 40 to 8051.5 + 49.0 1 8002.5 to 9690

*According to Coelho (2013)

DISCUSSION

Among various processes that commonly result in ac-
cumulation of epigeal terrestrial mollusk shells in caves
(Chambers and Steadman, 1986) the transportation as
prey is excluded by the absence of predation marks on
the shells; the transportation along with the sediment
influx is not supported due to the empty inner cavities
of the shells and; the accumulation of snail shells due to
their retreat in moist areas during dry seasons seems un-
reliable due to their abundance in the aphotic zone, the
heterogeneity of the deposition sites and their associa-
tion with vegetal fossils exclude such possibility as a main
factor in transport.

Fossil importation was a consequence of the natural
impoundment of Peruagu River and the resulting up-
stream WL rise. Thus, organic material floated into the
cave and was entrapped upon the subsequent WL de-
crease, followed by a fossilization process inside the cave.
Materials were imported into the Carlicio Cave by water
transport as a result of the rising water level from the Pe-
ruagu River valley. Fluctuation was the selection factor
acting upon the imported material, which resulted in the
prevalence of shells in the deposit.

The Carltcio Cave entrance is the only major ele-
ment of contact with the outside environment through
which the materials could have been imported. The
amount of fossils, the diversity of deposition sites, the oc-
currence of plant material, and the existing WL marks
all point to material transport by water. This is also evi-
denced by the fossil location high above the cave floor
and the existence of several sub-compartments (seg-
regated by speleothems) with scattered fossils, notably
in the second segment. Such widespread elevation and
plan-view distribution would hardly be achieved by
mechanisms other than water-related ones.

It is inferred that columns that compartmental-
ize the cave plan view morphology worked as traps that
have captured materials carried on the surface of the wa-
ter stream. However, the considerable amount of fossils
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found at column bases and cave walls may result from
decantation of elements that have lost their dynamic
equilibrium upon encountering obstacles.

The fossil in the highest position was found at 19.6
meters above the river level, which is deemed the mini-
mum level reached by the paleo-reservoir, as shells are
not necessarily carried on the water surface and there
may have been subsequent reworking. A WL recorded 5
meters below the cave entrance suggests the existence of
an endogenous lake confined inside the Carltcio Cave.

The virtual lack of large- and medium-sized animal
bones, the absence of an association between fossil and
sedimentary deposits, and the fossil taphonomy indicate
low-energy, short-distance transport point to a gradual
rise of the Peruacu River water level. The lack of a planar
shell apex orientation pattern and preferred vertical shell
concavity orientation indicate the influence of low-veloc-
ity water currents when the cave was emptied and sug-
gests also a gradual lowering of the Peruagu River level.

The tree log sample age shows a minor error. Taking
into account that wood is more prone to degradation in
an external environment, it is believed that the age of F-03
tree log is close to the age of its importation event: 1610 +
50 years BP. The dated tree log sample was not associated
with sediments or embedded in calcite. It showed signs of
dehydration, and the age determined for this material al-
lows extrapolating that tree logs are preserved for a con-
siderable time in endogenous environments.

Shells, in turn, are a hard, weather-resistant mate-
rial that can be preserved in external environments for
many years after death. This limits the extrapolation of
1C ages of shell fossils to approximate ages of material
import events. In this sense, the 2**Th/**U ages of calcite
covers indicate the minimal age for the event.

Sample F-06 was imported into the Carlacio Cave
during the lower Holocene, between 9650 + 40 and
8051.5 + 49.0 years BP, the earliest flood record then
dated in the Peruagu River valley. Sample F-02 was im-
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ported by a flood dated 3260 + 50 to 1701.5 + 430.5
years BP. This sample’s 2°Th/**U age was considerably
contaminated. The interval between the maximum and
minimum age of the flood during which the shell F-02
was imported includes the age established for the tree log
F-03 importation. Therefore, it is not possible to unques-
tionably state that shell F-02 was imported during a flood
event separate from the flood event during which the log
sample F-03 was imported.

Moreover, Coelho (2013) established the ages of 340
+ 20 years BP (Tr-01) and 800 + 20 years BP (Tr-02) for
tree logs found in the Carltcio Cave’s photic zone. These
ages are much lower than those determined in this study,
which points to recurrent great floods. Considering the
Coelho’s data (2013) and the above mentioned results,
there were at least four major floods in the Peruagu River
that resulted in flooding of the Carlucio Cave. The oldest
of such events was dated at least 8051.5 + 49.0 years BP
(F-06) and the most recent one at least 340 + 20 years BP
(Tr-01) (Tab. 6).

The occurrence of maize in the Peruagu valley was
previously studied in archaeological sites in caves by
Freitas (2001; 2004). Derived by indirect methods, their
ages ranged from 620 +/- 60 to 990 +/- 60 years BP and
from 570 +/- 60 to 1,010 +/- 80 years BP. The corncob
found in the Carlicio Cave was not dated, in order to
preserve the deposit for future research. Prous (1986) be-
lieves that corn has been grown in Minas Gerais since at
least 4,500 years BP and the oldest specimens in north-
ern and northeastern Minas Gerais were found by Bird
et al. (1991) in a 4,000 to 1,000 years BP chronological
horizon.

Shells of the mollusk Drymaeus sp. (Bulimuloidea:
Bulimulidae) represented 70% of the deposited shells
and, except for a few samples, all Drymaeus sp. shells were
virtually of the same size. It was not possible to establish
the cause behind this fact, but it is inferred that selective
transport may indicate a possible archaeological source
for these materials. Schmitz et al. (1989) point out that
gastropod mollusks, especially of the Bulimulidae family,
were extremely important as a food source for the human
population from 8,500 years BP to approximately 6,500
years BP. Palm fruit (Syagrus oleracea) and charcoal were
also found in archaeological sites in the Peruagu Valley
caves of Boquete, Hora, and Caboclo (Freitas 2001; 2004;
Prous 2007).

The Carltcio Cave fossil deposit does not show a re-
lationship between the deposition age and the respective
elevation, or even between the chronology of events and
the flood extent. Such findings stem primarily from the
fact that the material was not necessarily at its original
deposition site. Therefore, it is possible that the materi-
als were rearranged when the cave was emptied, with

the resulting decrease in elevation, and also during re-
cent flood events, in which case the elevation could both
rise and fall. Strong evidence of these deposit features is
the location of tree log F-03 and Megalobulimus sp. shell
F-06 samples at similar heights, approximately 19 meters
above the Peruagu River level, although these samples’
ages are more than 7,500 years apart.

According to a study carried out by Coelho (2013),
the breakdown block deposit found in the Onga Cave
(Fig. 1) is the first siphoning point at the Peruagu River
capable of obstructing the river surface flow at very high
elevations. There is a 46-m altimetric difference between
the local base level of the Peruagu River upstream of this
breakdown block deposit and the lowest elevation at the
top of these blocks, where the river surface flow could be
reestablished. This deposit comprises a variety of sedi-
ment sizes, with a large amount of clayish material be-
tween the coarsest clasts, which results in a low porosity
deposit. In this reach, the Peruagu River runs under-
ground for 640 meters of breakdown blocks. Such break-
down block deposit structure creates a physical barrier
in the Onga Cave that prevents the Peruacu River from
flowing on the surface, with the local base level rising by
up to 46 meters, which is up to 6 meters above the Carla-
cio Cave entrance (Coelho 2013). As the entrance is the
Carltcio Cave’s highest elevation, floods that reached the
height of 46 meters in the Onga Cave would have reached
heights between 9 and 12 meters above the floor in the
Carlacio Cave, which means that this cave would have
been virtually submerged.

Taking the maximum and minimum dates found
for flood events during the Holocene, it is inferred that
floods occur periodically since the breakdown block de-
posit was formed, with a minimum age of 8051.5 + 49.0
yr. BP, according to the oldest event dated.

When evaluating paleoclimatic events based on sta-
lagmites of a cave also located in the northern region of
Minas Gerais, Strikis et al. (2011) present a broad record
for the period between 1,300 and 10,200 years BP. The
study reports a large increase in rainfall in the years 9.2,
8.2,7.4,7.0,6.6,5.2,4.0,3.2,2.7,2.3,2.2, and 1.9 kyr BP,
with duration of 50 to 300 years. Characterized as sudden
precipitation fluctuation events, some of these records
overlap the ages established for the transport of Mega-
lobulimus sp. shell samples F-06 (events at 9.2 and 8.2 kyr
B.P.) and F-02 (events at 3.2 and 1.9 kyr B.P.).

In a paleoclimatic study of the past 3,000 years in
the Anjos Cave, located near the Peruagu Valley, Stri-
kis (2015) found abrupt variations in stalagmite growth
over short periods of time (around 10 years). The fastest
growth rates took place between 1,650 and 1,870 CE (300
and 80 years B.P.), a period close to the age determined
for sample Tr-01 (events between 340 and 320 years B.P.).
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CONCLUSION

The mechanism of sediment transport into caves through
horizontal water flow is well-known. Yet, the fossil assem-
blage identified in the Carlacio Cave provides evidence
of a material transport and accumulation mechanism
based on the rise in water level as a result of river floods.

The Carltcio Cave location and morphology, and
the deposit’s taphonomic signature indicate upward
transport of material in connection with the rise of the
Peruacu River WL as a result of barriers to the river’s
natural flow and consequent deposit entrapment upon
WL lowering. The deposit of breakdown blocks in the
Onga Cave that siphons the Peruagu River stands out as a
barrier structure given its capability of raising the WL to
such an extent that the Carlticio Cave would be flooded.

The fossil assemblage identified in the Carlucio
Cave comprises mainly terrestrial epigeal mollusk shells
(1,399 individuals), 70% of which are Drymaeus sp. (Bu-
limuloidea, Bulimulidae). These fossils are not associated
with sedimentary deposits and are abundantly distrib-
uted across different cave elevations and plan. They are
mainly associated with areas with an abundance of spe-
leothems, and most of the samples show some degree of
calcite incrustation.

Analyzing sedimentary cave deposits is undeniably
a complex task, as no stratigraphic relationship is neces-

sarily found between the different levels of sediment de-
position. Similarly, the Carlticio Cave fossil deposit does
not show any relation between deposit age and elevation.
This feature poses an additional challenge in interpreting
organic deposits in this cave.

The fossil deposit chronology indicates recurrent
floods over time. At least four flood events that reached
the Carlicio Cave were identified based on dating of fos-
sils from the Holocene period found in the cave. It is in-
ferred that the WL elevation in the Peruagu River canyon
is associated with both water flow bottlenecking and epi-
sodes of increased water availability.

Some correlations with the region’s pre-determined
paleoclimatic records were developed on the basis of data
from the Carlucio Cave fossil assemblage and used as a
potential source of chronological proxy records in the
paleoenvironmental reconstruction of the Peruagu valley
in the Holocene period.

The selectivity in the transport of Drymaeus sp.
mollusk shells and the occurrence of corncob and char-
coal in the Carlucio Cave fossil assemblage indicate that
at least part of the material identified in the cave could
have an archaeological origin. This hypothesis corrobo-
rates the intensive archaeological occupation of the Pe-
ruagu River valley.
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