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GEOCHEMICAL CHARACTERIZATION OF
BITUMINOUS SHALES FROM THE IRATI
FORMATION, PARANA BASIN, BRAZIL BASED ON
HYDROUS PYROLYSIS EXPERIMENTS



Abstract: The Irati Formation has been object of many studies due the fine-grained rocks which have levels of
total organic carbon contents (TOC) with potential of generation of hydrocarbons (oil and gas). The present study
correlates petrological and geochemical aspects of Irati shale samples collected at three locations, identifying
possible variations in TOC, depositional environments, organic matter composition and maturity, to point out
levels with potential for oil and gas generation and storage along the Irati interval and its regional variations. The
samples were collected at Sdo Matheus do Sul, Parana (1-SM); Pouso Redondo, Santa Catarina (2-PR); and Chico
Loma3, in Rio Grande do Sul (3-CL). To evaluate the potential of samples for hydrocarbon generation open-system
pyrolysis was performed on the original samples prior to hydrous pyrolysis showing that sample 3-CL has a good
potential, and samples 1-SM and 2-PR have excellent potential for hydrocarbon generation. The Hydrogen Index
(IH) and Oxygen Index (Ol) indicate type | kerogen in the 2-PR and 1-SM samples, and type lll for the 3-CL sample.
The reflectance of Vitrinite (Rrandom) indicate immaturity in samples 1-SM and 2-PR, while the sample 3-CL is
mature. Biomarker ratios indicate differences in source and depositional environments. The biomarker
distribution in sample 3-CL points to terrigenous contribution, suggesting a possible deposition in a deltaic
environment, whereas biomarker distribution in samples 1-SM and 2-PR suggest a lacustrine environment.
Hydrous pyrolysis experiments applying different times (0, 16 and 72h) at same temperature (3502C) were
performed to characterize the behavior of the organic matter during thermal maturation. The products of
experiments (expelled oil and bitumen) showed different concentrations of saturated, aromatic and polar
compounds. The concentration of heavy compounds predominates in the bitumen of samples 1-SM and 2-PR.
The expelled oil showed a higher concentration of saturated compounds in samples 1-SM and 3-CL. The

biomarker ratios analysis also showed a positive correlation with the increase in time of experiments.

Keywords: Irati Formation, biomarkers, hydrous pyrolysis, maturity



1.INTRODUCTION

The Parand Basin is a sedimentary region of the South American continent with an area close to
1.500.000 km? located in the southern portion of Brazil (Figure 1). It covers the states of Rio Grande
do Sul, Santa Catarina, Parana, Sdo Paulo, Goias, Mato Grosso do Sul e Mato Grosso. It also extends
into the northeast region of Argentina, northern Uruguay and eastern Paraguay, where it becomes the
Chaco-Parand Basin (Zalan et al., 1990). In the basin rocks rich in organic matter occur in the Devonian

Ponta Grossa Formation, and in the Permian age Rio Bonito and Irati formations (Santos et al, 2006).
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Figure 1. Location of Parana Basin, with geographic locations of the collected samples.

The Irati Formation bituminous shale is considered to have the highest potential for hydrocarbon
generation within the basin, due to the high organic carbon content (TOC) in the rock. A profile of Irati
Formation from the south to the north of the Parana Basin was studied by Aradjo (2001), showing that
the organic matter content of the shale presents good parameters for hydrocarbon generation. This is
evidenced also by the fact that the national oil company, PETROBRAS, started the exploitation of the
oil shale in the 80’s (Milani et al, 2007). Although the TOC content of the Irati shale is very positive for

oil and gas generation, there are other characteristics that are important to evaluate the potential of
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a source rock, such as the maturity of the organic matter. In case of the Parana Basin, most of the
organic matter present in the shales is immature along the basin. However, in some places the Irati
Formation is in contact with intrusive rocks of Mesozoic age, providing a secondary thermal alteration
of the organic matter, reaching a maturation level needed for the generation of hydrocarbons (Araujo

et al, 2000).

The objective of the present study was to correlate geological, petrographical and geochemical aspects
of Irati shale samples collected at three locations, identifying possible variations in TOC, organic matter
composition and maturity, depositional environments, in order to point out levels with potential for
oil and gas generation and storage along the Irati interval and its regional variations. Also, this paper
characterizes variations of the geochemical composition with increasing thermal maturity by hydrous
pyrolysis experiments. The results will help to understand the effect of secondary thermal alteration
on hydrocarbon generation, changes in the chemical composition and in the main geochemical

parameters with the increase in maturity.

2.GEOLOGICAL SETTING

2.1 PARANA BASIN

The stratigraphic chart of the basin (Figure 2) shows that the strata is composed of a sedimentary-
magmatic regime, where the maximum thickness is around 7000 m in its depocenter, which coincides
with the Parana river gutter (Milani et al., 2007). The sedimentary input in the basin was controlled by
tectonic and sea level variations cycles, related with Gondwana evolution during the Paleozoic and
Mesozoic. Milani (1997) separated the stratigraphic chart registration into six large-scale units or
supersequences (Vail et al., 1977). The supersequences Rio Ivai (Ordovician- Silurian), Parana
(Devonian) and Gondwana | (Carboniferous — Eotriassic) represents sediments related to
transgressive- regressive cycles resulting from relative sea level oscillation in Paleozoic. Already the
Gondwana Il (Mid to Neotriassic), Gondwana Il (Neojurassic — Eocretaceous) and Bauru
(Neocretaceous) supersequences correspond to continental sediment packages associated with

igneous rocks.

The Irati shale (Permian) is inserted in supersequence Gondwana |, that begins with the Itararé Group,
which is marked by marine and continental glacial sediments, up to 1.400m thick, dominating the
transgressive system tract. The Guatd Group (Figure 2), has the Rio Bonito formation at the base, a

sandy deltaic front with alternate pelitic packages. The overlying Palermo Formation marks the
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maximum flooding surface of Gondwana | and has a siltic — pelitic composition. Above this formation
comes the Passa Dois Group, with the Irati Formation at the base, consisting of pelites, marl and
bituminous shales in the southern portion of the basin, and sporadic limestones and evaporites in the
northern portion. The Irati formation is overlain by the Serra Alta Formation (Figure 2), with fined grain
sediments, that represents the last marine incursion into Parana Basin. The overlying Teresina
Formation (Figure 2) has neritic and coastal deposits marking a strong continentalism of the basin. The
overlying Rio do Rastro Formation closes the supersequence, and its composed of fluvio-lacustrine

sandstones and shales, located in the central region of the remaining basin.

Period Supersequence
Bauru
LITHOSTRATIGRAPHY
Gondwana lll MAXIMUM
THICKNESS|
GROUP| FORMATION | MEMBER | ™
Gondwana |
MORRO PELADO

= < RIO DO RASTO i 650
= Gondwana | na9
- ‘2 0 TERESINA 850
4 Q p0 SERRAALTA s | 100
= 6 ASSISTENCIA
. Bl |RATI TAQUARAL 70
- ; PALERMO soergrons 30
1 = | Dpevonian Parana GUATA ™ RioBoNiTo PGy | 350
1 a TACIBA
=] 5 = \__ _RIODOSUL A
B Rio Ivaf ITARARE| _ CANPO MOURAO 1500
= LAZUL C. TENENTE

Figure 2. Simplified stratigraphic chart of the Parand Basin with emphasis on supersequence

Gondwana | and the Irati Formation (modified from Milani 1997).

2.2 IRATI FORMATION

The term Irati was first used by White (1908), when proposing the stratigraphic column of the Parand
Basin, to designate a thick sequence of black shales, which contained Mesosaurus Brasiliensis fossils
in the type section near the city of Irati in Parana State. Mendes et al (1966), describing the
Mesosaurus for the White Report, correlated these fossils with other equivalents founds in the basins
of the African Continent, thus attributing to the Irati shale the Permian Age. Santos et al. (2006), using
the U-Pb SHRIMP dating method, obtained the age of 278 Ma to the base of the Irati Formation,

placing it in the middle to upper Artinskian.



This formation is composed of fine-grained sediments, such as siltstones, clay stones and shales,
carbonate rocks, subordinate conglomerates, and according to Araujo (2001) the sediments were
deposited under intermittent anoxia conditions, with a variation of oxygen levels, with an average
thickness of 40 m and the maximum of 70 m (Mendes et al., 1966). According to Schneider et al. (1974),
Irati Formation can be divided in two members: Taquaral and Assisténcia, which can be recognized
throughout practically the entire Parana Basin. The Taquaral Member, the basal portion of the
formation, is composed of siltstones and shales, which represents a deposition in low energy and
marine environment (Scheneider et al., 1974). Assistencia Member, top of the formation, consists of
shales, sometimes bituminous, interspersed with horizons of rocks with dolomitic limestone
composition and siltstones deposited mostly in a restricted marine environment (dos Reis et al., 2018)

(Figure 2).

2.3 SOURCE ROCK

The bituminous shales of the Assistencia Member have been targeted by many studies (Mendonga
Filho, 1994; Araujo et al., 2000; Santos et al., 2006; Collares, 2015, Dos Reis et al., 2018; Lopez et al.,
2019) due to its high content of organic matter, being potentially an oil and gas source rock. The
maturity level of organic matter is in most cases immature and not sufficient for the transformation
to hydrocarbons. Mature stages of the Irati formation have been reported for portions near the
depocentre, or in regions with igneous rock intrusions (Mendonca Filho, 1994; Araujo et al., 2000;
Santos et al., 2009; Dos Reis et al., 2018). In the Rio Grande do Sul State, the organic matter levels
show large variations over the formation, with lower levels in northeast (Souza et al., 2008; Collares,

2015; Lopez et al., 2019) and high levels at the south (Dos Reis et al., 2018).
3.MATERIAL AND METHODS

3.1 SAMPLES

Three Irati shale samples were collected based on the TOC content from different locations in the
southern portion of Parana Basin (Fig. 1). The samples were characterized as black bituminous shales.
Sample 1-SM (14-300) was collected in an open pit mine of PETROBRAS, in Sdo Matheus do Sul city,
Paranda State. Sample 2—PR (14-239) is from Santa Catarina State, collected near the city of Pouso

Redondo from borehole SRPR-01 at 35 m depth. 3-CL (18-077) is located in northeast of Rio Grande
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do Sul, in Chico Loma coalfield, and was obtained from borehole CBM001-CL-RS at a depth of 303,60

m, with an igneous intrusion above it, at a depth of 288 to 295 meters.

3.2 OPEN-SYSTEM PROGRAMMED PYROLYSIS

To obtain the geochemical properties from both original samples and residual rocks after hydrous
pyrolysis experiments, a HAWK equipment from Wildcat Technologies was used, according to the
Espitalie” et al. (1977) procedure. In this process 100 mg of powdered bulk rock were placed in
crucibles and heated to 600 °C, at a rate of 25 °C/min. The following parameters were determined: S1
(mg HC/g rock), S2 (mg HC/g rock), S3 (mg CO2/g rock), and Tmax (2C). Hydrogen index (HI) (mg HC/g
COT) and oxygen index (Ol) (mg CO2/g COT) were also calculated. The Hl is determined as the yield of
reduced products of pyrolysis (S2) relative to the total organic carbon (mg HC/g TOC) and is a function

of relative H/C in the organic matter.

3.3 VITRINITE REFLECTANCE (RRANDOM %)

The samples were ground to 1-2 mm size and embedded in resin. A single plug was prepared for each
sample. The particulate blocks had their surfaces ground down using progressively 45 um and 9 pm
diamond plates, and 0.3 um and 0.05 um alumina polishing on pellon polishing cloth and silk cloth,
respectively. The analyses were performed using a Leica DM6000M microscope equipped with white
light and fluorescence illumination. An Yttrium—Aluminum—Garnet reflectance standard of %Rr = 0.895
(ISO 7404/5, 1984) was used to calibrate the microscope, while the measurements were performed
using the immersion oil Imersol 518F. The analyses were performed at 50x magnification at room

temperature of + 23 °C.

3.4 HYDROUS PYROLYSIS EXPERIMENTS

Hydrous pyrolysis experiments were performed in a stainless-steel reactor (250 mL), which was loaded
with 45 g of sample, and 86 mL of distilled water. These amounts of sample and water were calculated
based on the approximate density of the sample and the volume of the reactor, to ensure that the
sample remains submerged in a liquid water phase throughout the experiment. Then the sealed
reactor was filled with 100 psi of He to check for leaks. When no leaks were detected, the system was
purged three times with He in order to remove the remaining air. The final He pressure was reduced
to an average of 27 psi. An artificial maturation was achieved by isothermal heating of the sample at

350 oC during Oh, 16h and 72h, applying a heating rate of 3.7 2C/ min.
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After the experiments were completed, the reactor was cooled down overnight to room temperature.
Afterwards, the reactor was vented and opened to collect the liquid products and solid residue.
Immiscible oil floating on the water surface, designed as free oil, was generated during hydrous
pyrolysis experiments. Free oil was recovered using a separatory funnel and transferred into a pre-
weighed glass vial, the water was removed with a volumetric pipette and the solid residue was

collected with a large spatula and placed into a pre-weighed Petri dish.

The recovered solid residue was dried in a fume hood until the constant weight is obtained, then it
was crushed and the residual bitumen extracted in Soxhlet for 48 hours (dichloromethane/ methanol).
After the removal of the free oil, water, and the solid residue from the system, the reactor was rinsed
with dichloromethane to recover any adsorbed oil film, designed as rinse oil. The rinse oil was
transferred into a pre-weighted glass vial and weighed after solvent evaporation under a fume hood.

Total expelled oil represents the sum of free oil and rinse oil.

3.5 MOLECULAR ANALYSES

The original samples and residual bitumen from hydrous pyrolysis experiments were extracted with
dichloromethane and methanol (1:1) using a Soxhlet system. The extracts were fractionated using
open-column liquid chromatography of activated silica gel. The saturated, aromatic and polar fractions
were collected by the successive elution of solvents with increasing polarity, such as n-hexane,
followed by hexane/toluene (8:2) and toluene/methanol (1:1), respectively. Saturated hydrocarbons
were analyzed using an Agilent Technologies (Palo Alto, CA, USA) instrument comprising a 7890 A
model gas chromatograph equipped with a 7693-auto sampler and coupled to a single quadrupole
5973 mass spectrometer. The GC was used with a 30 m fused-silica column (0.25 mm i.d.) coated with
5% phenyl methyl siloxane. Helium was used as the carrier gas at a flow rate of 1.2 mL/ min. The oven
temperature programmed was 80 °C (5 min) to 310 °C at 4 °C/min with a hold at 310 °C for 20 min.
The samples were injected in the split/spitless mode with an injector temperature of 290 °C. The ion
source in the MS was operated at 290 °C in electron ionization mode (70 eV ionization energy), and
analyses were conducted in full scan (scanning from 50 to 650 Da) and in selected ion mode (SIM) with
an acquisition time of 50 ms for the compounds, ions of m/z 191, m/z 217 and m/z 218. The

compounds were identified by retention time, mass spectra and data from the literature.
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4.RESULTS AND DISCUSSIONS

4.1 SAMPLE CHARACTERIZATION

Table 1 shows the values obtained from the petrological and geochemical analyses of the original
samples, and residual rocks after hydrous pyrolysis experiments at 3509C in different times: 0, 16 and

72 hours.

Evaluating the concentration of TOC is the first step when characterizing source rocks (Peters and
Cassa, 1994). Values greater than 1% are considered good for hydrocarbon potential, whereas values
smaller than 0.5% indicate little to no potential to yield economic concentrations of hydrocarbons
(Table 1). The TOC content of the original samples shows values between 1.58 to 19.38 wt% which
means that the samples have good (sample 3-CL) and excellent (samples 1-SM and 2-PR) potential for

hydrocarbons generation.

The progressive effects of increasing thermal maturity with the time of hydrous pyrolysis experiments
is demonstrated by increase vitrinite reflectance values (Table 1). It was also observed that sample 3-
CL shows value of vitrinite reflectance of 0.7 and HI of 204 mg HC/g rock, which means that this sample

already reached the “oil window”, maybe to its proximity to the diabase intrusion.

In the present study the samples shown S1 values of 1.02, 4.78 and 7.45 mg HC/g rock to original
samples 3-CL, 2-PR and 1-SM, respectively (Table 1). These values correspond to the quantity of free
hydrocarbons (oil and gas) contained in the rock. It also observed that S1 decrease with increased of

thermal maturity.

The S2 peak corresponds to the hydrocarbon compounds originating from kerogen cracking (pyrolysis
of the kerogen up to 530 °C). High values of S2 were observed for samples 1-SM and 2-PR, 136.22 and
88.79 mg HC/g rock, respectively (Table 1).

Nevertheless, the Hydrogen Index (HI) is a parameter used together with 10 in the classification of
kerogen type, it also could be used for determination of the potential of hydrocarbon generation. In
the present study, the Hl values (Table 1) are high to samples 1-SM and 2-PR (702 and 717 mg HC/g
TOC, respectively) indicating high oil generating potential and low thermal maturity of organic matter,
which it is in agreement with Tmax values (Table 1). According to literature, the Hl of the samples above
the “oil window” mainly fall in the range 100+ 200 mg HC/g TOC; within the "oil window" the Hl is
gradually reduced due to the progressive generation of bitumen from the kerogen. It was observed in

our results the value to HI parameter decrease with increase of time of the pyrolysis experiments to
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all samples. And the original sample 3-CL shows values of 204 mg HC/g TOC (Table 1) indicating high
maturity degree compare to the other samples, which was also in agreement with vitrinite reflectance

results.

The Tmax °C as an indicator of the thermal maturity of the kerogen shows values below 4302C for all
original samples indicating immature source rocks considering that hydrocarbons generation as the
early oil generation window typically starts at a Tmax around 4352C (Peters and Cassa, 1994). Sample
3-CL is mature according vitrinite reflectance level, which means that the Tmax value of 427 2C could
be affected by the relatively low S2 peak of that sample. Several studies have shown that Tmax values
may vary and should not be used for exact thermal maturity determination (e.g. Snowdon, 1995), but
in this study could be useful for relative comparisons between hydrous pyrolysis experiments. As we
can see in Table 1, Tmax values increased with artificial maturation and that samples reach the oil
window at 16 hours (1-SM and 2-PR) and at 72 hours (3-CL) hydrous pyrolysis. But the Tmax values do
not have a positive correlation with vitrinite reflectance values, which indicates that samples at 0 hours

(1-SM and 2-PR) are in peak maturity and sample 3-CL was already mature before experiments.

Table 1. Results of geochemical and petrological analyses of the original samples and residual rocks

after hydrous pyrolysis experiments.

Time _ Vitrinite 51 51 HI oI
TOC

Sample (hours) (wt Reflectance Imf" {l:qg {l:qg -~ me PI

HP at %) Er s Ne (*C) | HC/g | HC/g | HC/g | COu/g

3s0°C (%0) i Rock) | Rock) | TOC | TOC
Ongmal | 1938 | 045 |0.07 | 32 | 421 745 | 13622 702 3 0.05
1-SM 0 1954 | 053 (007 6 | 425 | 036 | 13989 715 3 0.00
; 16 1224 | 083 |[011] 15 | 441 0.45 26.21 214 5 0.02
72 12.11 130 (014 | 19 | 451 1.29 10.64 87 4 0.11
Onginal | 1238 | 045 | 004 | 15 | 421 | 478 88.79 717 3 0.05
2 PR 0 13.57 | 075 (008 | 17 | 423 | 041 96.52 711 3 0.00
16 5.66 087 (009 10 | 439 | 0.16 9.98 176 8 0.02
72 633 103 [015] 9 448 | 0.19 446 70 5 0.04
Ornigmal | 1.58 0.7 0.18 | 20 | 427 1.02 3.23 204 37 0.24
31.CL 0 1.16 082 |008| 10 | 429 | 0.10 1.76 151 55 0.05
16 1.08 1.11 [ 026 | 33 | 428 | 027 0.77 71 49 0.26
72 093 130 (019 ] 23 | 446 | 027 0.33 35 65 0.45

HP: Hydrous pyrolysis; TOC (wt %): Total Organic Carbon; Rr (%): vitrinite reflectance ramdom; S:
standard deviation; N2: number of particles measurements; Tmax: temperature in which there is a
maximum hydrocarbons generation; HC: Hydrocarbons S1: free hydrocarbons present in the rock;
$2: hydrocarbons released by cracking of the kerogen during pyrolysis; HI: Hydrogen Index; Ol:
Oxygen Index; Pl: Production Index = (51/(S1+S2).
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4.2 SOURCE OF ORGANIC MATTER

To identify the kerogen type and provide further insights into maturity according hydrous pyrolysis
experiments, HI and Ol data were plotted in a modified Van Krevelen diagram (Fig. 3). The original
sample 3-CL appear to be a mix of Type Il and Il kerogen related to deltaic environments. In the original
samples 2-PR and 1-SM the results are related to Type | kerogen and associated to lacustrine

depositional environment.
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Figure 3. Hydrogen Index and Oxygen Index plotted on modified Van Krevelen diagram.
4.3HYDROCARBONS

4.3.1 BULK COMPOSITION

The percentage of saturated hydrocarbon, aromatic and polar compound (NSO) fractions in the

original samples and products generated after hydropyrolysis experiments are shown in the Figure 4.
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These results indicated that expelled oils are enriched in saturated hydrocarbons while in the residual
bitumen there is predominance of polar compounds. This characteristic is due the thermal cracking of
hydrocarbon molecules with maturation of the organic matter. And, by the fact that during oil

expulsion the saturated hydrocarbons migrated easily than polar compounds.

In relation to the composition of the sample 1-SM, it was observed an increase of concentration of
saturated compounds in the oils generated in all experiments compared to the original sample, while
the bitumen showed an increase of polar compounds (Fig. 4A). In the sample 2-PR a higher
concentration of saturated compounds was observed in the 0-hour experiment (around 38%), with an
30% difference from the original sample. For this sample, it was also observed an enrichment of the

polar compounds in bitumen fractions with an increased time of experiments (Fig. 4B).

Figure 4C shows the behavior of the organic matter in sample 3-CL, considered mature. The oil shows
an increase of saturated compounds concentration up to 26% compared to the original sample, where
the 0-hour sample showed a concentration of 44% of saturated and 56% of aromatic compounds. As
for bitumen, the concentration of saturated fraction increase, where there was a 14% increase in
relation to the original sample in the 16- and 72-hours experiments, which showed an almost similar

composition.
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Figure 4. Ternary diagrams of the saturated (SAT), aromatic (ARO) and polar compounds (POL).

4.3.2 BIOMARKER DISTRIBUTION

Saturate biomarkers comprising terpanes and hopanes were selected to explore their alterations with

different temperature during hydrous pyrolysis experiments. The mass chromatograms of the hopanes

(m/z 191) and steranes (m/z 217) of the original samples are showed in the Figure 5 and the biomarker

parameters in the Table 2. It can be observed that samples 2-PR and 1-SM exhibit very similar

distribution of biomarkers with predominance of 17a (H), 21p (H)-hopane (H30), and aca-C27 and

aoa-C29 steranes while the sample 3-CL shows high abundance of gammaceranne (Gam) and

predominance of aaa-C29 sterane (Fig. 5). These results also reveal the differences in source organic

matter and paleodepositional environment.
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Figure 5. Chromatograms m/z 191 and 217 showing the hopanes and steranes distributions of the

original samples. H30: 17a (H), 21 (H)-hopane; Gam: gammacerane.

According to Sinninghe Damsté et al. (1995) gammacerane indicates a stratified water column of a
marine and/or non-marine source rock depositional environment resulting from hyper salinity at
depth of the water column. In our samples the gammacerane/hopane ratios (Gam/H30, Table 2) show
values of 0.24 and 0.34 for samples 1-SM and 2-PR, respectively. However, sample 3-CL shows the
highest value (0.97), which could be related to hypersaline paleo-depositional environment (Ten
Haven et al., 1987, 1988; Volkman et al, 1998; Yangming et al., 2005) or stratification of the water
column during deposition of the Chico Loma sample. Furthermore, the sample 3-CL shows lower value
to isoprenoids Pristane/Phytane ratio (Table 2), which could also be related to salinity of the

paleoenvironment, according to Jiamo et al. (1986).

The relation between tricyclic and pentacyclic terpanes (Tric/H30) (Table 2; Fig. 5) shows values of
0.53, 0.32 and 0.14 to samples 1-SM, 2-PR and 3-CL, respectively. The predominance of pentacyclic
terpanes in the sample 3-CL could be due a lower marine organic matter input (Peters et al., 2005). It

also observed that the proportion of diasteranes/steranes ratio in sample 3-CL is high compared to
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the other samples (Table 2), reflecting the difference in the depositional environment of the organic

matter.

The ratios of C27/C29 steranes showed a wide variation (Table 2), with values from 0.14 to 0.92 for
samples 3-CL and 2-PR, respectively, and highest ratio 1.20 for sample 1-SM (1.20). High proportions
of C29 have been interpreted as rock-generated organic extracts in green algae dominated Paleozoic
oceans (Grantham and Wakefield, 1988; Schwark and Empt, 2006). Compound C27 has its origin
related to red algae (Kodner et al., 2008). Also, the predominance of C29 sterane may indicate a higher
terrestrial contribution in the sample (Moldowan et al., 1985). Thus, the data point to a contribution
of green algae and marine organic matter to samples 1-SM and 2-PR, while sample 3-CL showed a

predominance of terrestrial organic matter.
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Table 2. Biomarker parameters for saturated hydrocarbons of the original samples and expelled oils after hydrous pyrolysis experiments.

HP time 208/ PB/ H30/ Ts/ o5 Dia/ PhinC
Sample (hggjorg():at (20S+20R) (a?C;QI;B) (HaotMa) | (Ts+Tm) | (225+22 Hop/Est | Gam/Hzo | Tric/Hzo | Hass/Has | C27/Coe St Pr/Ph | Pri/nC17 18
(C20) R)
Original 0.11 0.19 0.86 0.20 0.51 3.54 0.24 0.53 0.55 1.20 0.07 2.56 2.92 5.82
1-SM 0 0.19 0.22 0.85 0.19 0.49 2.29 0.18 0.78 - 1.65 0.08 0.03 2.15 4,32
16 0.25 0.50 0.75 0.12 0.51 1.5 0.15 1.3 - 7.02 0.04 1.46 1.70 1.94
72 0.33 0.35 0.59 0.36 0.50 0.19 0.35 4.61 - 25.04 0.04 1.32 1.0 1.04
Original 0.31 0.23 0.87 0.21 0.56 8.86 0.34 0.32 1.11 0.92 0.19 1.22 1.66 4.29
0 0.28 0.22 0.85 0.20 0.56 3.83 0.28 0.46 - 2.40 0.10 0.03 1.42 4,14
2-PR 16 0.38 0.38 0.82 0.10 0.54 1.49 0.31 0.66 - 10.28 0.04 1.46 2.01 2.02
72 0.47 0.43 0.83 0.13 0.56 0.78 0.36 1.08 - 32.67 0.06 0.05 1.6 1.26
Original 0.41 0.21 0.87 0.28 0.49 3.44 0.97 0.14 0.56 0.14 0.24 0.37 2.74 10.92
0 0.45 0.23 0.82 0.25 0.55 1.04 0.72 0.4 - 0.48 0.14 0.25 3.91 7.78
3-CL 16 0.45 0.26 0.83 0.24 0.54 3.47 0.64 0.45 - 0.10 0.43 0.41 1.99 6.72
72 0.43 0.25 0.84 0.25 0.57 2.91 0.87 0.28 0.07 0.8 0.41 1.44 6.67

Dia/St: diasteranesCy7aBB/ Cizaaa; Pr/Ph: Pristane/ Phytane; Pri/n-Ci7: Pristane/n-Ci7; Ph/ n-Cig: Phytane/ n-Cig;CooaBBS: 24-Etil-
5a(H)14B(H)17B(H) 20S-colestane; C29aaaR: 24-Etil-5a(H)14a(H)17a(H) 20R- colestane; S/(S+R): razdo 24-Etil-5a(H)14a(H)17a(H) 20S-colestane
(S) and 24-Etil-5a(H)14a(H)17a(H) 20R-colestane (R); Mso/Hso: calculated with moretane Cso and hopano Cso; Ts/ Tm: triterpanes 18a(H)-
trisnorhopane (Ts) related to 17a(H)trisnorhopano (Tm); H31S/S+R: ratio between17a(H)21B(H) 22S- homohopane (S) and 17a(H)21B(H) 22R-
homohopane (R); Hop/Est: concentration of Hopanes (Hop) related to concentration of Esteranes (Est); Gam/H30: ratio between Gamacerane
(Gam) related to 17a(H)21B(H)-hopane; Tric/Hso: ratio between tricyclic terpanes (Tric) related to 17a(H)21B(H)-hopane; Hss/H3a: 17a(H),21b(H)-
pentakishomohopane (22S + 22R)/ 17a(H),21b(H)-tetrakishomohopane (22S + 22R); C27/Ca9: C27 cholestane/ Ca9 ethylcolestane ; Tric/Hso: tricyclic

terpanes/Cso-Hopane.
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4.3 MATURATION

Artificial maturation has been extensively used to simulate hydrocarbon generation and mineral
diagenesis occurring in source rocks (Lewan et al., 1986; Lewan, 1989; Franco et al., 2010; Rodriguez
and Philp, 2010; Bernard et al., 2012). The progressive effects of increase thermal maturity with the
time range of the hydrous pyrolysis experiments can be observed by increasing values of vitrinite
reflectance (Table 1) for all samples reaching maximum of 1.30 % Rrandom in both samples 1-SM and
3-CL; and a maximum of 1.03%Rrandom for sample 2-PR, which indicated the samples reached the oil

generation (Peter and Cassa, 1994).

Based on Tmax values, the sample 3-CL is immature until the 16 hours of hydrous pyrolysis experiment,
and at 72 hours reaches the peak of maturation, with Tmax of 446 2C. Sample 2-PR is mature with 16
hours of hydrous pyrolysis experiment, where it is early mature with 439 2C, and evolves to peak
mature at 448 2C Tmax in 72 hours of experiment. The sample 1-SM shows a similar behavior, reaching
maturation at 16 hours with Tmax 441 2C as early mature, and evolves to late mature at 72 hours, with

451°C.

By molecular analyses it was observed that the artificial thermal maturation of organic matter seems
more effectively on the formation of n-alkanes, in order to increase the concentration of compounds
nCi7 and nCig compared to isoprenoid pristane and phytane, respectively, with increasing maturity.
Figures 6, 7 and 8 show the evolution of the Pr/nC17 and Ph/nC18 ratios for expelled oils during

hydrous pyrolysis experiments.

Sample 1-SM (Figure 6) showed a decrease in the Pr/nC17 ratio from 2.92 in the original sample to
1.03 in the 72-hours experiment. The Ph/nC18 ratio decreases from 5.82 to 1.04 throughout the
experiments. Sample 2-PR (Figure 7) showed lower ratios for these parameters and more stable
behavior, with the Pr/nC17 ratio of 1.42 (0 hours) similar to original samples, and after increase to
2.01 (16 hours) and reach 1.60 with 72-hours of experiment. Nevertheless, the Ph/nC18 ratio ranging
from 4.29 in the original sample to 1.26 in the sample within 72 hours of hydrous pyrolysis. The sample
3-CL (Figure 8) showed high values ratios to Ph/nC18 compared to 1-SM and 2-PR samples, which can
be related to organic matter source, although maturation behavior was similar, with ratios Pr/nCi7

decreasing from 3.91 to 1.44, and Ph/nC1s decreasing from 10.92 to 6.67 in the longest experiment.
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Figure 6. Mass chromatogram of m/z 85 showing n-alkane distribution to 1-SM original sample (A),

and expelled oils after hydrous pyrolysis experiments at 0-hour hydrous pyrolysis (B), 16 hours (C)

and 72 hours (D).
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Figure 8. Mass chromatogram of m/z 85 showing n-alkane distribution to 3-CL original sample (A),
and expelled oils after hydrous pyrolysis experiments at 0-hour hydrous pyrolysis (B), 16 hours (C)
and 72 hours (D).

The 225/(22S+22R) H31 ratio is widely applied as hopane maturity parameter, and records the relative
enrichment of the more thermally stable 22S isomer (e.g. Kolaczkowska et al., 1990) compared to the
biologically-derived 22R stereochemistry. The results showed that there is no variation of the value
increasing the time of the hydrous pyrolysis experiments (Table 2). It is because the equilibrium for
this parameter occurs at vitrinite reflectance of ~0.5% (Peters et al., 2004). However, samples that
show 22S5/(225+22R) ratios between 0.50-0.60 indicate that main phase of oil generation has been

reached.

The 20S/(20S+ 20R) ratio, measured using the C29 aoa steranes, is one of the most widely applied
molecular maturity parameters in petroleum geochemistry, and is based on the relative enrichment
of the 20S isomer compared with the biologically- 20R stereochemistry, to reach an equilibrium
endpoint of ca. 50+55% (e.g. Mackenzie et al., 1980). In this study it was observed that both samples

1-SM and 2-PR showed an increase in the ratio 20S/(20S+20R) to expelled oils with an increase of
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hours to hydrous pyrolysis experiments indicating an increase of thermal maturity. However, the 3-CL
sample showed similar values in all expelled oils whatever the increase of hours in the hydrous
pyrolysis experiments, but in in this case the original sample already is in the oil window and this
parameter reach the equilibrium in samples with 0.7 Ro% (e.g. Lewan et al., 1986; Bishop and Abbott,

1993; Peters et al., 2004).

Cross-plotting the C29 sterane isomerization ratios (Fig. 9) it is possible observed that the samples 1-
SM and 2-PR showed a high degree of maturation in the 72-hour experiment compared to the original
sample. In contrast sample 3-CL shows a very low thermal evolution of organic matter, and at 16 and
72-hours experiments did not show variation in the degree of maturation ratios, possibly because the

sample had already reached maturity before hydrous pyrolysis.
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Figure 9 - Cross-plot of regular C29-sterane isomerization ratios for the original samples and expelled

oils from hydrous pyrolysis experiments.

It is also observed that Ts/(Ts+Tm) ratio (Table 2) shows the variation with increase of hydrous
pyrolysis time, where the sample 1-SM showed an increase from 0.2 to 0.36 with the increase of
experiment time, and 2-PR sample showed a decrease in the ratio from 0.21 to 0.13. However, as
observed to sterane isomerization, there is no variation in this ratio to the sample 3-CL, but source,
litology and oxicity of the depositional environment could also affect these results (Peters and

Moldowan, 1993).

The ratio Tric/Hop show high levels in the experiments with 72h, except to 3-CL sample (Table 2).
According to literature (Seifert and Moldowan, 1978; Peters et al., 2004), tricyclic terpanes are
released from kerogen at higher maturation levels, leading to an increase in the ratio as increased

maturity, and/or hopanes can be thermal degraded in high maturity degree. As an example, Figure 10
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shows the chromatograms obtained from original sample 1-SM and the expelled oils after hydrous
pyrolysis experiments, with the respective Tri/ H30 ratios (Table 2). And cand be observed that the
Tric/Hop ratio increase with time of pyrolysis, where the original sample showed 0.53 and evolved to
4.61 in the 72 hours experiment. Sample 2-PR increased from 0.32 to 1.08, while sample 3-CL showed
a less value of Tri/ H30 ratio from 0.14 to 0.45, possibly because the original sample was already

mature before the hydrous pyrolysis experiments.
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Figure 10. Mass chromatogram (m/z 191) of original sample and oil expelled after hydrous pyrolysis
experiments of the sample 1-SM. Tr: tricyclic compounds with the number of carbons; H29-H35:
series of afy hopanes with numbers of carbons from 29 to 35. The values of Tric/H30 ratio are
highlight and was calculated by sum of tricyclic compounds in the range from 20 to 30 carbons

divided by ap-hopane.

4.4 QUANTITY OF GENERATED PYROLYSATES

Hydrous pyrolysis is useful to evaluate pyrolysate yields, composition, and evolution of hydrocarbons
(Teerman and Hwang, 1991; Mishra et al., 1996; Koh et al., 2008; Spigolon et al., 2015; Wu et al., 2018).

Table 3 shows the yields of bitumen and expelled oils of the samples with increase of time of the
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hydrous pyrolysis experiments. The yields of expelled oil increase with increasing time range of
hydrous pyrolysis for the samples 2-PR and 1-SM. The maximum bitumen yield was 0.51 g for the 2-
PR sample with 16h (%Ro = 0.87, peak of oil window); and 0.92 g for the 1-SM sample with 72h (%Ro
= 1.30, end of oil window). The yields of bitumen and expelled oils are extremely low for sample 3-CL,
which could be related to the thermal maturity of the original sample and/or due the contribution of
terrestrial source of organic matter. According to Tissot and Welte (1984), this type of kerogen has a

low potential of oil generation but can generate gas with high temperature.

Table 3 - Expelled oil generated and bitumen from the Irati Shale in hydrous pyrolysis temperature-

and time-series experiments.

Sample Ro (%) Time (hours) of Expelled 0oil  Bitumen
the hyvdrous (2} (2)
pyrolysis
experiments at
3s0°C

1-5M 0.53 0 0.19 0.18
0.83 16 239 0.51

1.30 72 2.61 0.92

1-PR 0.75 1] 0.13 0.36
0.87 16 182 0.51

1.03 72 2.65 0.15

3-CL 0.82 1] 0.01 0.02
1.11 16 0.02 0.01

1.30 72 0.02 0.03

5. CONCLUSIONS

The vitrinite reflectance measurements showed that original samples 1-SM and 2-PR are immature,
while the sample 3-CL already reached the “oil window”, maybe to its proximity to the igneous
intrusion. After hydrous pyrolysis experiments all samples show a decrease of the TOC content with
time of thermal maturation. And the progressive effects of increasing thermal maturity with the time
of hydrous pyrolysis experiments was also observed by increase vitrinite reflectance values. The S1
and S2 parameters for samples 1-SM and 2-PR increased at 0 hours hydropyrolysis, and decrease after
16 hours of experiments, whereas the mature sample 3-CL show a decrease right from the first
experiment. The biomarkers analyses showed that the Ts/(Ts+Tm) ratio pointed to immature to early
mature samples, and the relation between afB- and aaa-steranes (Ca9) showed a positive correlation
with the increase in time of experiments. The same effect was also observed to Pr/nCi7 and Ph/nCis

and Tric/Hop ratios. To evaluated the source of organic matter the samples were plotted in a Van
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Krevelen type diagram indicating that the samples 1-SM and 2-PR have characteristics of Type |
kerogen and sample 3-CL have characteristics of Type Il kerogen. These differences were also
observed by biomarkers analysis, where Gam/Hso and Pr/Ph ratios are higher to sample 3-CL, which
could also be related to salinity of the paleoenvironment. In addition, the predominance of pentacyclic
terpanes and Cyg sterane over trycyclic and C27 sterane respectively, in the sample 3-CL, points to
terrigenous contribution, suggesting a possible deposition in a deltaic environment. Ternary diagrams
showed a large variation in the bulk hydrocarbon composition, before and after the hydrous pyrolysis

experiments, due the variation of the kerogen types and maturity of the samples.
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ANALISE DA COBERTURA FLORESTAL EM
AREAS DE PRESERVACAO PERMANENTE E
RESERVA LEGAL DE PROPRIEDADES RURAIS
FAMILIARES DO NORTE DO MATO GROSSO.
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Abstract: The papper analyzed 17 rural properties in the Amazon Portal territory on quantifying the
total of permanent preservation areas (APP) and legal reserves (RL) in 2011 compared to the year
2014, assessing their changes through High resolution satellite images. These small family farms were
conducted in organic production system (SPO) or conventional (SPC), certified since 2004 by a
certifying company registered in the Ministry of Agriculture, Livestock and Supply (MAPA). They
compared the results with what is required for the Amazon biome by the new Brazilian Forest Code
(CFB) - Federal Law 12.651/2012. The effects of the new BFC were assessed for adequacy of family
production units. Most of the properties evaluated did not present the minimum required in any of
the years studied, both in the areas of RL and APP (water source springs and margin streams). The
farms on SPO showed better results on 2011 to 2014 year evaluation, compared to SPC. As for the
maintenance of native vegetation in the SPC, RL has presented higher percentages of forest
regeneration. Considering consolidation of deforested areas before 22/07/2008, under the new CFB,
all seventeen properties remedied its environmental liabilities from the perspective of current
Brazilian law to RL. In the case of APP from small family farms, all nine (9/9) remedied its

environmental liabilities, while in this SPC occurred in four (4/7).

Palavras-chave: environmental adequancy, brazilian forestry code, satellite images, Amazon,

adequacao ambiental, cddigo florestal brasileiro, imagens de satélite, Amazonia.
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1.INTRODUGAO.

Os processos de desmatamento no Brasil decorrem da pressdo por abertura de novas areas para a
agricultura e pecudria (TOLLEFSON, 2010; ARVOR et. Al. 2011). A degradacdo ambiental ocorre em
todas as regides do Brasil, mas apresenta mais intensidade na regidao Amazonica, principalmente nos
estados do Mato Grosso, Pard e Ronddnia, onde o sistema de uso da terra estd pautado na extracao
madeireira e no desflorestamento, seguido pelo cultivo de pastagens, arroz, soja e milho (COLSON et

al. 2011).

Torna-se importante analisar sistemas de producdo e uso da terra com foco ndo apenas na
preservagao dos recursos florestais, mas também voltados para a sustentabilidade econémica, social
e ambiental do agroecossistemas em consondncia com a aplicacdo da legislacio ambiental,
especialmente a partir da analise do novo cddigo florestal. Uma estratégia de grande eficiéncia a ser
usada para monitorar as florestas é o uso de geotecnologias e imagens de satélite de alta resolucao
espacial. A funcionalidade e eficacia desses procedimentos, integrada as informacgdes produzidas por
imagens de satélites de alta resolucdo espacial permitem produzir diagndsticos e fornecer subsidios
capazes de identificar e mensurar a ocorréncia de conflitos de uso da terra em areas de preservagao
permanentes fortalecendo as acdes ambientais de monitoramento, assim como facilita a criagdo de

instrumentos juridicos e fiscalizacdo desses ambientes (MELCHIOR et al., 2005).

No presente trabalho foram utilizadas imagens de satélite de alta resolucao espacial para analisar a
cobertura florestal das dreas de preservacdao permanente (APP) e reserva legal (RL) de propriedades
rurais conduzidas em sistemas de producdo organico (SPO) e em sistemas de producdo convencional

(SPC).

O objetivo foi verificar o grau de adequacao a legislacdo ambiental de pequenas propriedades rurais a
partir da aprovacdo do novo Codigo Florestal Brasileiro (Lei Federal 12.651/2012), com imagens de
satélite e comparacgdes entre os anos de 2011 e 2014. A idéia foi verificar se houve regeneracao
florestal, desflorestamento ou mesmo se houve recomposicdo das areas degradadas entre os anos

avaliados.

2.METODOLOGIA

A pesquisa foi realizada a partir do trabalho desenvolvido por Feistauer et al. (2012). As propriedades
rurais foram percorridas in loco para registro e coleta de dados georreferenciados das Areas de

Preservagao Permanentes e Reservas Legais. As coordenadas geograficas dos limites e demais pontos
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de interesse foram analisadas posteriormente através de imagens de satélite para confirmar o que foi
identificado em campo. Em 2014 as andlises das areas foram tomadas em laboratério com utilizagao
do software ArcGis, versao 9.3. Foram utilizadas imagens de satélite de alta resolugdo espacial do
satélite da série RapidEye (resolucdo espacial de aproximadamente 5,0 a 6,5 metros) para avaliar as

areas de Preservacdo Permanentes e as areas de Reserva legal nas propriedades rurais.

A regido em questdo localiza-se no norte do Estado do Mato Grosso, mais precisamente nos
municipios de Nova Santa Helena, Matup4d, Terra Nova do Norte, e Guaranta do Norte, pertencentes
ao territério Portal da Amazonia-MT(GARBIN et. Al. 2006). (Figura 1). Todas as propriedades sdo
enguadradas como agricultura familiar pela Lei Federal n.2 11.326 de 2006 (BRASIL, 2006), elas foram
selecionadas em 2011de acordo com o trabalho de Feistauer (2012), com classificacgdo em dois grupos.
O primeiro grupo foi formado por propriedades conduzidas no sistema organico de producdo organica
(SPO), certificadas desde 2004 por uma empresa certificadora registrada no Ministério da Agricultura,
Pecudria e Abastecimento (MAPA), a partir das normas brasileiras de agricultura organica (BRASIL,
2003). As noves propriedades rurais avaliadas pertencentes ao SPO representam um universo
amostral de 40% das propriedades rurais certificadas por uma cooperativa especializada em producdo
organica naquele ano de 2012. O segundo grupo foi formado por oito propriedades, conduzidas no
sistema de producdo convencional (SPC). Estas propriedades foram escolhidas pela localizacao
proxima e adjacente ao grupo SPO, seguindo o método proposto por Kuiper (2000), que torna

minimiza os erros aleatérios e torna mais precisos os resultados com esta estratégia de analise.

As principais atividades agricolas presentes no SPO sdo o guarand (Paulinia cupania), mandioca
(Manihot esculenta), café (Coffea canephora), caju, (Anacardium occidentale), Cupuacu (Theobroma
grandiflorum), legumes e verduras para a comercializacgdo nos mercados institucionais e feiras
municipais e gado para a producdo de leite e corte. No SPC, as principais atividades sdo a producdo de
gado de corte, e atividades destinadas para o consumo familiar, como o cultivo de verduras, hortalicas
e fruticultura em quintais agroflorestais. Para quantificar e avaliar as dreas de RL e APP no periodo de
maio a setembro de 2011 todas as propriedades rurais foram percorridas para registro de coordenadas
geograficas dos pontos de referéncia e limites, utilizando-se de aparelho receptor de sinais do sistema
GPS (instrumento de posicionamento global).Essas areas foram comparadas com os valores
estabelecidos na legislacdo ambiental vigente, em termos de percentual minimo necessario de area
de RL (em funcdo da area total) e APP (em funcdo da largura dos cérregos existentes ou do nimero de

nascentes), sobretudo as medidas aprovadas pelo novo CFB (BRASIL, 2012). Na andlise da cobertura
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florestal utilizaram-se o programa (software) ArcGis 9.3, interface ArcView, que serve basicamente
para processar/analisar os dados espacialmente georeferenciados. O satélite utilizado é da série
RapidEye, de sensores orbitais com resolucdo espacial (5,0 a 6,5 metros), ou seja, considerada alta
resolucdo espacial que permite uma visualizagdo mais nitida. As cenas ou drbita/ponto utilizadas
foram as seguintes: 2134524 (de 21/06/2014), 2134224 (de 12/09/2014), 2134225 (de 31/05/2014),
2134222 (de 13/07/2014), 2134223 (de 13/07/2014), 2133924 (de 20/05/2013), 2134024 (de
22/09/2013).

Esse método de analise com a utilizagdo de sistemas de informagdes geograficas (SIG) é o mesmo
utilizado pelos érgaos ambientais e controle de desmatamento na Amazénia (CASTILHO e CORREIA

JUNIOR, 2011).

Para comparar as mudancas das areas de RL e APP de cada sistema de producdo em relacdo os
percentuais minimos exigidos pela atual legislacdo ambiental de cada grupo analisado (SPO e SPC)
foram calculadas as dareas totais, de preservacdo permanente (APP) e de reserva legal (RL) dos
diferentes produtores em cada sistema de producdo (Tabela 1). Os resultados obtidos foram

submetidos ao teste paramétrico t-student, a 5,0% de probabilidade (SOKAL e ROHLF, 2009).
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Figura 1: Mapa do Territério Portal da Amazénia — MT com a localizacdo dos municipios de Terra

Nova do Norte, Guaranta do Norte, Matupa e Nova Santa Helena.

3.RESULTADOS E DISCUSSAO.

A drea total média das propriedades classificadas como SPO e SPC foram de 43,4 hectares e 61,7

hectares, respectivamente para SPO e SPC (Tabela 1). Todas as propriedades rurais sdo menores que
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quatro modulos fiscais para os municipios envolvidos, o que corresponde a 90,0 hectares (INCRA,
2012). Em fung¢do do tamanho, as propriedades foram enquadradas nos casos especificos e incentivos

previstos para a agricultura familiar segundo o capitulo Xl do novo CBF (BRASIL, 2012).

Em 2011, o percentual de APP foi de 7,3% para o SPO e de 5,3% para o SPC (Tabela 1), e em 2014 o
percentual de APP aumentou para 8,3% no SPO e 5,4% no SPC. A analise das propriedades rurais por
meio de imagens de satélite, durante o periodo de 2011 a 2014, serviu como pardmetro para
demonstrar que os produtores recompuseram boa parte do componente florestal tanto nas areas de
RL quanto de APP, o que demonstra a acao dos produtores em conduzir a regeneracdo do componente

florestal nesses espagos protegidos.

Tabela 1: Quantificacdo das dreas totais, de preservacao permanente (APP) e de reserva legal (RL) em
propriedades rurais familiares com sistemas de produgdo: organico (SPO) e convencional (SPC),

pertencentes ao territdrio Portal da Amazdbnia, norte do Mato Grosso, nos anos de 2011 e 2014.
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Area de Preservacio Per-

manente (APP) * Reserva Legal (RL)

. Area
Sitema fle Produtor  Total APP APP RL RL
produgéo (ha) Ideal Real Real Ideal 011 2014
(ba) 2011 2014 () o (hs)
(ha) (ha)
01 259 2.1 1.5 1.7 18.6 45 39
02 247 1.6 1.6 1.6 18.1 28 22
03 257 1.5 1.5 1.5 191 18.6 176
Organico 04 555 6.0 1.5 4.7 384 257 27.0
(S.P'U] a5 303 0.0 0.0 0.0 243 184 209
06 60.1 3.0 26 3.0 451 36.5 359
a7 553 6.2 6.2 6.2 38.0 213 348
08 78.0 122 122 122 50.2 620 588
09 353 25 1.5 1.5 257 7.2 32
Sub-total 3908 351 28.6 324 2775 1970 2042
média 43 4 39 3.2a 36a 30.8 219a 22.7a
01 505 103 7.4 74 301 8.2 3.2
02 431 3.6 29 29 30.9 10,7 187
e 03 364 0.8 0.5 0.5 283 21.0 17.0
(f;:? 04 50,0 2.9 0.9 14 372 52 9.8
(SPC) a5 634 21 21 21 487 336 313
06 100.1 8.1 6.4 6.1 72.0 6.4 115
a7 50.0 3.6 20 20 364 20 0.1
08 100.0 53 40 44 74.7 123 2573
Sub-toral 4935 36,7 262 26,8 3583 99 4 1309
média 61.7 4.6 33a 33a 44 8 124 a 164 Db
Total 8843 71.8 548 591 6358 2964 335.0
Geral

Meédia 52,0 4.2 3.2A 35 A 374 174A 19.7B

*Admite-se o coOmputo das APPs na RL. Letras minusculas iguais (nas colunas) e maiusculas iguais
(nas linhas) nao diferem entre si, em nivel de significancia de 5% de probabilidade, pelo teste t-

student.

Apesar de ndo haver diferencas significativas, o SPO apresentou uma maior area regenerada de
floresta na APP ao fazer a comparacdo entre os anos de 2011 a 2014, com um aumento de regeneracao
natural de 3,8 hectares considerando todos os produtores deste sistema de produc¢do. Em seis das
nove (6/9) propriedades em SPO n3o se identificou alteragdo nos percentuais de floresta, e apenas
trés produtores (3/9) mostraram regeneracdo de floresta em APP. Em nenhum dos produtores (0/9)
observou-se supressao de vegetacao e reducao da area de APP. Apesar dos resultados demonstrarem

gue houve regeneracdo natural nos espacos protegidos das propriedades avaliadas, ndo se observou
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diferencas estatisticas nas avaliacdes, o que sugere uma avaliacdo continuada e monitoramento em

anos sequenciais, com uso de imagens de satélite.

Nas APPs do SPC, ndao houve diferencas significativas entre os anos de 2011 e o ano de 2014, com o
aumento total de 0,6 hectares de vegetacdao em regeneragdo, o que classifica este grupo como o que
menos evoluiu em relagao a regeneragao dos remanescentes florestais. Neste sistema de producao
dois produtores apresentaram valores de APP maiores do que havia anteriormente (n°04 e n°08,
tabela 1), ja o restante mantiveram ou reduziram as areas de floresta, a exemplo do produtor n° 06, o

qual reduziu em 0,3 hectares a drea de floresta em APP.

Na area de RL o SPO ndo mostrou diferencas significativas entre os anos de 2011 e 2014. Apesar de
ter havido aumento total do componente florestal das propriedades, com aumento total de 0,8
hectares entre os anos de 2011 a 2014, a maior parte dos produtores do SPO (7/9) diminuiram a area

de RL entre os anos avaliados.

No SPC a area de RL total apresentou um aumento significativo de 30,9 hectares em 2014 com relagao
a 2011. A maior regeneracdo de florestas em 2014 ocorreu neste sistema de producdo, onde dois
produtores (n° 06 e n° 07, tabela 1), que em 2011 n3o apresentavam drea de floresta como Reserva
Legal, apresentaram um aumento de remanescentes florestais por intermédio da regeneragao natural
no ano de 2014, ainda que beneficiados pela legislacdo com dreas consolidadas para desmatamentos
ocorridos em data anterior a 22/07/2008 pelo novo CFB (Lei Federal 12.651/2012). Entre as
propriedades rurais avaliadas no SPC, duas (02/08) diminuiram o tamanho da floresta na RL, uma
(01/08) manteve o tamanho e as demais (05/08) apresentaram regeneracdo de remanescentes

florestais.

Entre os 884,3 hectares quantificados nas dezessete propriedades avaliadas, as areas de RL somaram
335,0 hectares em 2014, incluindo o cOmputo de 59,1 de APP na RL. Entre os anos de 2011 e 2014
houve diferencas significativas e um aumento de 46,0 hectares de RL somados ambos os sistemas de
producdo (tabela 1). No caso das APPs, apesar de ndo terem sido identificadas diferencas estatisticas,
observou-se aumento de 4,3 hectares entre 2011 e 2014, passando respectivamente, de 54,8 para
59,1 hectares. Essa situacdo demonstra o aumento total do componente florestal nesses espacgos

protegidos, na maior parte das propriedades rurais, em ambos sistemas de producdo (tabela 1).

Na soma total das areas de RL em ambos os sistemas de produg¢do houve reducdo de déficit de 33,8
hectares, com aumento médio de recomposicao de componentes florestais em ambos os sistemas de

produgdo. Isso demonstra a tentativa dos produtores em adequar-se a legislagdo ambiental a partir
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da aprovacdo do novo CFB (Lei Federal 12.651/2012), ainda que tenha havido validacdo de areas

consolidadas tanto para as areas de RL quanto de APP.

4.CONCLUSAQ

As imagens de alta resolu¢do espacial permitiram a andlise da cobertura florestal nas propriedades.
Apesar de ndo terem sido identificadas diferencas significativas entre os anos de 2011 e 2014 na
compara¢do com o SPO e o SPC, os resultados demonstram que houve aumento médio de

remanescentes florestais tanto nas areas de RL quanto nas areas de preservagdo permanente (APP).

Ainda que com o favorecimento legal em relagcdo as areas consolidadas de desmatamentos realizados
em data anterior a 22/07/2008 (Lei Federal 12.651/2012), os resultados mostraram processo de
regeneracdo natural e recomposicao florestal de dreas de RL e APP em ambos os sistemas de produgao
avaliados. Essa situacdo demonstra o comprometimento com a tentativa de cumprimento da
legislagdo ambiental, ou mesmo o reconhecimento da importancia das areas de florestas, tanto como

area de RL e em APP, em diferentes sistemas produtivos.

O fato de as propriedades que adotam o sistema de producdo convencional terem apresentado um
aumento maior de remanescentes florestais na RL em relagdo aos demais, mostra que medidas que
beneficiem tais propriedades, inclusive politicas publicas, podem favorecer a maior conservacao para

este e outros sistemas produtivos.
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Resumo: A cidade de Pau dos Ferros, no estado do Rio Grande do Norte, esta localizada dentro do semiarido mais
chuvoso da Terra, apresentando indice pluviométrico médio anual de 772 mm (1911-1990). H4 uma elevada
variabilidade espacial e temporal, pois boa parte desta chuva ocorre no primeiro semestre, especialmente desde
fevereiro até maio, sendo que, em alguns anos, isto pode ndo acontecer, caracterizando as secas. A fim de
determinar a caracterizagdo pluviométrica deste municipio, foram utilizados os dados disponibilizados pela
EMPARN em um periodo de trinta anos observados, de 1987 a 2016, sendo que, a partir de 2014, devido a falhas
de dados, foi aplicado o método da ponderagao regional para preencher tais falhas e completar a série, utilizando-
se, para tanto, dados de até oito postos pluviométricos vizinhos. A partir desses dados da EMPARN, foi possivel
aplicar a estatistica descrita por meio do célculo das medidas centrais e de dispersdo, bem como sua distribuicdo
de frequéncia, utilizando-se para tanto planilhas no software Excel. Também foi possivel obter uma média do
numero de dias do ano que apresenta registro de precipitacdo (igual ou maior a 1 mm). A maioria dos anos
apresentou chuva abaixo da média calculada para o periodo, que foi de 695,4 mm. O numero de dias com registro
de precipitagdo por ano foi igual a 52, dos quais 36 no periodo chuvoso, sendo que na maioria dos anos esse

numero ficou abaixo da média tanto na quadra chuvosa quanto no ano.

Palavras-chave: Clima, Estatistica descritiva, Semiarido.
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INTRODUGAO

Segundo Galvancio e Jatobd (2016), “O clima é um dos elementos do quadro natural que mais
influéncias exercem sobre os demais componentes fisico-geograficos das paisagens de areas

continentais emersas e também sobre a sociedade, particularmente nos espacos rurais e urbanos”.

As precipitacdes consistem em qualquer fendmeno relacionado a queda de agua das nuvens sobre a
superficie terrestre, que incluem a chuva (mais comum), granizo (pedras de gelo) e neve (mais rara)
(AQUINO, 2010). Para que elas possam ocorrer, é necessdrio que as condicdes atmosféricas estejam
favordveis, como umidade alta e calor suficiente para que o vapor de agua atinja seu ponto de

saturacdo na alta atmosfera e se condense, formando as nuvens.

Além de sua importancia, a precipitacdio é um fendbmeno meteoroldgico que apresenta maior
variabilidade tanto espacial quanto temporal. S3o consideradas essenciais a manutencdo da vida no

planeta Terra, seja ela animal ou vegetal, constituindo parte do ciclo hidrolégico (UFCG, 2008).

As precipitacdes também sdao importantes na economia, em especial para a agricultura, pois mantém
a produtividade das lavouras, além de servirem para “o dimensionamento dos sistemas de drenagem,
de barragens, pontes e outras estruturas hidraulicas, o planejamento da conservagao dos solos e do

manejo da irrigacdo, etc” (UESC, 2017).

Apesar de importantes, as precipitacdes podem causar transtornos desde enchentes e deslizamentos
de terra quando em excesso a secas e queimadas quando em falta, além de perdas nas lavouras

agricolas, em ambos os casos (AQUINO, 2010).

Localizado em uma regido de clima semiarido, Pau dos Ferros-RN é um municipio vulneravel a
ocorréncia de secas periddicas. As precipitagdes que caem sobre a cidade, além de concentradas em
poucos meses do ano, ndo sdo uniformes, ou seja, sdo comuns as variagdes no volume entre diferentes
pontos da cidade (espacial), assim como a hora e intensidade em que ocorrem as precipitacdes

(temporal).

As irregularidades de precipitacdo sdo prejudiciais, principalmente em locais proximos, dentro de uma
mesma cidade ou entre dois municipios proximos, comprometendo a recarga dos recursos hidricos e,
consequentemente, o abastecimento de agua, além de afetar a producdo agricola. Assim, essa
variabilidade em diferentes pontos da cidade torna-se essencial a tomada de decisdes e a elaboracao

de projetos ambientais.
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Este trabalho objetivou analisar as varia¢gdes no regime pluviométrico de Pau dos Ferros-RN nos
ultimos trinta anos, bem como a frequéncia das chuvas durante este periodo, utilizando-se a série

historica da EMPARN — Empresa de Pesquisa Agropecuaria do Rio Grande do Norte.

METODOLOGIA

Foram utilizados dados de precipitacdo didrios coletados no posto pluviométrico gerenciado pela
EMPARN — Empresa de Pesquisa Agropecudria do Rio Grande do Norte, no periodo de 1987 a 2016.
Este posto esta localizado no centro (figura 1), mais especificamente na Rua 13 de Maio (latitude de
6°6’32,33"” S e longitude 38°12’22,93” O e altitude de 194 metros), cujo pluvibmetro é do tipo Ville-

de-Paris, de propriedade particular.

Figura 1 - Localizacdo do posto pluviométrico monitorado pela EMPARN na zona urbana de Pau dos

Ferros

Fonte: Google Earth. Adaptac¢do do autor (2017).

Utilizando-se a planilha do software Excel, os dados do posto foram tabulados para em seguida ser
determinada a distribuicdo de frequéncia. Em virtude da existéncia de falhas a partir do ano de 2013,

foi necessario preenché-las usando, através do Excel, o método da ponderagao regional, dado por:
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Em que: Py é o dado do posto com falha a corrigir, n o niumero de postos a serem usados,

{Px1,Px2,...,Pxn} os dados didrios dos postos pluviométricos vizinhos e

G .

S

médias de cada um desses postos, calculadas para um periodo de pelo menos dez anos de observagao.

Para o preenchimento foram utilizados dados de até sete postos pluviométricos préximos, dos quais

seis monitorados pela EMPARN (Agua Nova, Doutor Severiano, Encanto, Francisco Dantas, Rafael

Fernandes e Sdo Francisco do Oeste) e um pela FUNCEME (Ereré).

Por meio da estatistica descritiva foi possivel determinar a distribuicdo de frequéncia de anos secos,

normais ou chuvosos, e determinar as medidas centrais e de dispersdao (média, mediana, moda,

variancia e o desvio padrao.

RESULTADOS E DISCUSSAO

A tabela 1 apresenta os acumulados de precipitacao observados no periodo de trinta anos, de 1987

até 2016, tanto no periodo anual quanto no periodo chuvoso (fevereiro-maio), bem como a

classificacdo (categoria) da precipitacdo pelo método dos quantis observada nos dois casos.

Tabela 1 Acumulados do periodo chuvoso e anual pelo método dos quantis

Acumulado Categoria
Ano Periodo chuvoso Ano Periodo chuvoso Ano
1987 506,8 600,7 Seco
1988 571,2 707,4 Normal
1989 623,5 964,2 Normal Chuvoso
1990 279,1 332,9 Muito seco Muito seco
1991 527,6 577,5 Normal Seco
1992 458,3 612,4 Seco
1993 155,9 212,6 Muito seco Muito seco
1994 657,6 811,2 Normal
1995 639 762,1 Normal
1996 768,4 935 Chuvoso
1997 538 692,8 Normal
1998 193,2 279,2 Muito seco
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1999 471,1 666,8 Seco Normal

2000 714,3 994,8 Chuvoso

2001 393,8 521,2 Seco

2002 607,8 949,8 Normal Chuvoso

2003 612,3 770,5 Normal

2004 700,6 1225,1 Chuvoso Muito chuvoso

2005 379,6 486,2 Seco Muito seco

2006 786,9 859,7 Chuvoso Normal
Acumulado Categoria

Ano

Periodo chuvoso Ano Ano Periodo chuvoso

2007 593,4 665,4 Normal

2008 922 1235 Muito chuvoso

2009 764,2 1031,6 Chuvoso

2010 346,4 531,2 Muito seco Seco

2011 467,6 883,8 Seco Normal

2012 244,2 441 Muito seco

2013 386,6 592,8

2014 482,5 534,6

2015 403 570,5 Seco

2016 393 625

Fonte: EMPARN (2017)

Durante o periodo observado, em dois anos a precipitacdo observada ficou dentro do esperado (1995

e 2003), em dez anos acima do normal e nos dezesseis abaixo da média. Apesar disso, em quinze anos

o periodo chuvoso foi, no minimo, considerado normal, pelo método dos quantis.

Os maiores totais anuais foram observados em 2008 (1235 mm) e 2004 (1225,1 mm), os Unicos

considerados muito chuvosos pelo método dos quantis. Nos anos 2000 (2000-2009), apenas dois anos

foram considerados muito secos ou secos (2001 e 2005); o ano de 2007 teve seu periodo chuvoso

normal e encerrou o ano com um acumulado (665,8 mm) um pouco superior ao minimo (654,74 mm)

gue um ano precisa para ser considerado normal. J4 os anos mais secos foram 1993 (212,6 mm) e 1998

(279,2 mm), sendo a seca deste ultimo provocada pelo El Nifio mais intenso ja registrado. Nessa
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década analisada, apenas o periodo 1994-1996 teve chuva dentro ou acima do normal, sendo 1996 o

ano mais chuvoso; todos os demais tiveram chuva abaixo da média.

Na década de 2010 (2010-2016), seis dos sete anos observados foram considerados como secos ou
muito secos, devido a seca prolongada mais intensa das Ultimas décadas. A principal causa desta seca
prolongada (2012—-2016) foi a Temperatura da Superficie do Mar - TSM do Atlantico Sul mais baixa que
o Atlantico Norte, comprometendo a posicdao da Zona de Convergéncia Intertropical - ZCIT, que ficou
mais a norte em rela¢do a sua posi¢do climatoldgica tipica da época da estagao chuvosa. A este fator
soma-se o El Niflo 2014-2016, um dos mais intensos ja registrados, semelhante ao evento de 1997-
1998. Apenas o ano de 2011 foi considerado normal, tendendo a chuvoso, pois o acumulado anual
(883,8 mm) foi um pouco inferior ao necessario para um ano ser considerado chuvoso (891,1 mm),

embora a quadra chuvosa tenha se enquadrado em “seco”.

Levando-se em conta apenas o periodo chuvoso (fevereiro-maio), pelo método dos quantis a maioria
dos periodos observados ficou na categoria normal. Comparando-se a classificacdo do periodo
chuvoso com relacdo a classificacdo anual, observa-se que em dezenove anos estas coincidiram e em
onze ndo. Dessas onze, em trés deles a categoria anual foi rebaixada em relacdo a categoria da quadra

chuvosa (1991, 2005 e 2006) e nos oito restantes a categoria anual foi superior a do periodo chuvoso.

Agora, comparando-se os totais observados no periodo chuvoso e com o obtido em todo o ano,
observou-se ainda que em dois anos observados o periodo chuvoso se encerrou com acumulado igual
ou superior a média (587,4 mm), mas o acumulado anual abaixo do normal (1988 e 2007). Em outros
dois anos, o acumulado do periodo chuvoso ficou acima do normal, mas os anos terminaram com
chuva dentro do esperado, sendo eles 1995 e 2003. Ja o ano de 2011 foi o Unico que, embora tenha
tido seu periodo chuvoso com menos chuva que o normal (1911-1990), devido a grande anomalia
negativa do més de marco, contudo o acumulado anual terminou acima da média. Isso se deveu
principalmente a chuva muito acima da média dos meses de janeiro (pré-estacao), julho e outubro (os

dois ultimos do periodo seco).

Aplicando-se as medidas de dispersdo aos dados pluviométricos, tanto para o periodo chuvoso quanto

para o ano, os seguintes resultados foram obtidos, na tabela 2:
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Tabela 3 Medidas centrais e de dispersao calculados para os periodos chuvoso e anual

Medida Periodo chuvoso Ano
Média (x) 500,6 mm 695,4 mm
Moda (Mo) 538,94 mm 638,6 mm
Medida Periodo chuvoso Ano
Mediana (Md) 502,5 mm 672,76 mm
Variancia (5% 31930 mm? 56737 mm?
Desvio-padréo (S ou o) 178,69 mm 238,2 mm
Coeficiente de variagdo (%) 34,25 35,69

Fonte: Autor (2017)

A partir dos resultados, percebe-se que a média de 695,4 mm no periodo apresentou uma reducdo de
guase 10% em comparacao com a médiaclimatolégica calculada pela UFCG para o periodo 1911-1990,
que é de 772 mm. Isso se deveu a maior parte dos anos terem sido com precipitacdo abaixo do normal,
com destaque para as secas prolongadas de 2012-2016 e 1990-1993, cujas durac¢bes foram,
respectivamente, de cinco e quatro anos. Comparando-se agora as médias da quadra chuvosa nos dois
periodos, a reducdo foi ainda maior, de quase 15%. Levando-se em consideracao a climatologia anual
(1911-1990) e comparando-as com as médias do periodo 1987-2016, observou-se que no periodo
chuvoso apenas o més de fevereiro ficou com sua média estavel e em todos os demais meses as chuvas
ficaram menos frequentes, em especial no més de marco. Ja em janeiro observou-se um aumento em
torno dos 40%, enquanto nos demais meses (junho a dezembro), por serem de pouca chuva, a

climatologia apresentou pouca variagao.

Analisando-se os outros resultados, nota-se que a moda anual é exatamente a média aritmética dos
limites inferior da primeira classe modal e superior da segunda classe modal e, pelo método dos
guantis, um ano com essa quantidade de precipitacdo é considerado seco. Por sua vez, a moda do

periodo chuvoso, pelo mesmo método, encontra-se na categoria normal.

A mediana anual, de 672,76 mm, é considerada normal, estando um pouco acima do minimo para um
ano se enquadrar nesta categoria, que é de 654,74 mm, ao passo que, para a quadra chuvosa, este
valor estad 1% abaixo do minimo do normal (507,4 mm), encontrando-se, portanto, na categoria seco.
Pelo coeficiente de variacdo, a dispersao em ambos os casos é considerada alta, por CV ser superior a

30%.
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CONSIDERAGOES FINAIS

A partir do estudo, foi possivel determinar a distribuicdo de frequéncia, por meio da aplicacdo de
métodos estatisticos. No periodo observado, a categoria normal foi a mais frequente e ocorreu em
nove dos trinta anos analisados. Muitos dos anos considerados secos ou muito secos, pelo método
dos quantis, ocorreram nas décadas de 1990 e 2010, com destaque para a seca de 2012-2016,
considerada a pior das ultimas décadas e que gerou a atual crise hidrica que o municipio enfrenta. A
década de 2000 concentrou a maioria dos anos chuvosos ou muito chuvosos no periodo, com apenas

dois anos relativamente secos.

Com relacdo ao numero de dias com precipitacdo, a média foi de aproximadamente 52 dias por ano,
dos quais 36 foram na quadra chuvosa, que vai de fevereiro a maio. Para ambos os casos, a maioria
dos anos teve menos dias com chuva do que o normal. Houve também anos em que o nimero de dias

ficou acima da média, mas com precipitacdo abaixo do normal e vice- versa.

Portanto, a fim de se evitar o problema da escassez de agua, faz-se necessario uma correta
administracdo dos recursos hidricos, comecando com a conscientizacdo da populacdo acerca do uso

sustentavel da dgua, proporcionando assim uma melhor convivéncia com a seca.
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