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Morphological and petrographic patterns of the pahoehoe and "a’a flows of the
Serra Geral Formation in the Torres Syncline (Rio Grande do Sul state, Brazil)

Evandro E de Lima'*, Breno L. Waichel?, Lucas de Magalhdes May Rossetti', Adriano R. Vianda’,
Claiton M. Scherer!, Gilmar V. Bueno’®, Gabriel Dutra’

Abstract The Serra Geral Formation volcanic sequence in Torres Syncline (Rio Grande do Sul state, Brazil) may
be divided into main valley, intermediate zone, and southern hinge. The first volcanic episode along the syncline is
characterized by low eruption rates (< 5 m*/s) forming compound pahoehoe flows near the dunes and ponded ones in
interdune areas. The second episode is constituted by simple flows that rarely exceed 3 m in thickness, erupted with
similar eruption rates. The third is defined by '« '@ flows that are thought to be developed when effusion rates are higher
(>5—10m?/s). The formation of ‘a ‘@ flows occurred on a plain relief. Pahoehoe and “a 'a flows have similar chemistry, and
the difference in the flow type is related to an increase in eruption rates. The ‘a’a lavas are plagioclase and clinopyroxene
phyric, or glomeroporphyritic. All present an intergranular or intersertal microcrystalline groundmass of plagioclase,
clinopyroxene, and opaque minerals (<< 0.1 mm in diameter). The pahoehoe lavas differ from the ‘a’a ones in that they
have a coarser-grained microcrystalline groundmass. The pahoehoe flows are microcrystalline with glomeroporphyritic
and diktytaxitic textures and a plagioclase-poor matrix when compared to ‘a '@ lava flows. The higher content of microlites
in the ‘a’a flows is attributed to undercooling, higher rate of eruption, and degassing before and during emplacement.
When it comes to regional stratigraphic correlation between the Serra Geral Formation flows, the morphological type of
the lavas should be taken into account since ‘a ‘@ flows, unlike pahoehoe, do not reach longer distances from the source.

Keywords: ‘a’a lava flows; Torres Syncline; Parana-Etendeka Province; pahoehoe.

Resumo Morfologia e padrées petrogrdficos dos derrames pahoehoe e’a’a da Formagdo Serra Geral na Sinclinal
de Torres (Rio Grande do Sul). A Formagdo Serra Geral na Sinclinal Torres, no Rio Grande do Sul, pode ser dividida em
uma calha principal, uma zona intermedidria e uma ombreira ao Sul. As primeiras manifestagdes vulcanicas nesta sinclinal
marcam condi¢des de taxas de efusdo baixas (< 5 m?/s), com as lavas do tipo pahoehoe espessas (ponded) ocupando
espagos interdunas da Formagao Botucatu. O segundo episddio vulcanico ¢ constituido por derrames tabulares que atingem
3 m de espessura em casos excepcionais, com taxas de fusdo semelhantes as primeiras manifestagdes. O terceiro gerou
morfologia do tipo ‘a’a, que pode ser atribuido a um aumento nas taxas de efusdo, dadas as semelhangas quimicas desses
com as morfologias pahoehoe. As lavas ‘a’d sdo constituidas por plagioclasio e piroxénio, sendo geralmente afaniticas ou
afiricas, sendo comum também texturas intersetal ¢ glomeroporfiritica, acompanhadas de grande densidade populacional
de microlitos de plagioclasio na matriz (<< 0,1 mm em didmetro). Os lobos e derrames pahoehoe possuem texturas
glomeroporfiritica e diktitaxitica, indicativas de um alto contetido de volateis nos magmas, sendo comparativamente mais
granulares. A densidade populacional de microlitos de plagioclasio na matriz ¢ menor do que as das lavas ‘a’a. O maior
contetdo de microlitos nestas tltimas ¢ atribuido ao subresfriamento, a desvolatizag@o e a taxa de erupgdo. Correlagdes
estratigraficas regionais entre derrames da Formagao Serra Geral devem considerar o tipo morfologico dos das lavas, pois
o tipo ‘a’a, ao contrario das pahoehoe, ndo atinge grandes distancias da fonte.

Palavras-chave. lavas ‘a’a; Sinclinal de Torres; Provincia Panara-Etendeka; lavas pahoehoe.

INTRODUCTION Large igneous provinces
(LIPs) represent anomalous events in the Earth’s his-
tory. In a relatively short time span, immense volumes
of lavas and intrusions are generated and accumulat-
ed (Coffin & Eldholm 1994, Storey et al. 2007, Bryan
& Ernst 2008). Part of the LIPs are continental ba-
salt provinces (CBPs), which, according to “*Ar/**Ar
geochronological studies (Siberian Plateau, Karoo/
Ferrar, Deccan, Columbia River, Parana-Etendeka)

were built from volumes of the 10° — 107 km? order in
short time intervals (~10° — 10° years).

The study about morphological characteristics
and structures of CBP flows is indispensable to the
interpretation of lava flows dynamics and volume in
the identification of the types of deposits that are gen-
erated and in the determination of the related envi-
ronmental consequences. In Brazil, this kind of study
has received little attention, since priority has been
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given to a geochemical and geochronological ap-
proach in the study of the Parana-Etendeka Magmatic
Province. This approach itself does not properly con-
tribute for stratigraphic correlations and for under-
standing the evolution of these volcanic big events.

Pioneer studies about lava flows morphology
were carried out by Emerson (1926) and MacDonald
(1953), who established definitions for flow types and
their characteristics. The inclusion of these concepts
and preparation of models involving morphology and
physical characteristics of basic lavas (Self et al. 1998)
have promoted a better understanding of the nature
and dynamics of these eruptions in CBPs. These stud-
ies supplied the basis for the stratigraphic organization
and identification of the facies architecture in these
provinces (Bondre et al. 2004, Jerram 2002, Jerram &
Widdowson 2005, Waichel et al. 2012). Several stud-
ies have indicated that the spreading of these immense
volumes of continental basalts was similar to that of
the Hawaiian pahoehoe-type flows (Hon ef al. 1994,
Kent et al. 1998, Bondre et al. 2004, Sheth 2006,
Waichel ez al. 2006).

It has been recognized that several factors are
involved in the generation of pahoehoe and ‘a ‘a flows
(Peterson & Tilling 1980, Kilburn 1981, Rowland &
Walker 1990, Self et al. 1998), especially effusion or
eruption rate, cooling, apparent viscosity, topogra-
phy type, deformation rate during flow, and degas-
sing. Degassing takes place before eruption and dur-
ing emplacement it raises the liquidus equilibrium
temperature, promotes crystallization (Dragoni &
Tallarico 1994, Lipman et al. 1985), and interferes in
the apparent viscosity and textural patterns observed
in the matrix of the ‘a’@ and pahoehoe lavas.

Researches involving the investigation of pe-
trographic patterns and types or morphology of ba-
sic lavas are scarce. Kilburn (1987) suggests that
the volume and fabric type of plagioclase microlites
in the matrix of ‘a’a@ flows indicate rise of the ap-
parent viscosity during flow, as also stressed out by
Lentz & Taylor (2002): “[...] The differences in the
petrographic textures between pahoehoe and ‘a’a are
clearly linked to their emplacement histories.”

Morphology of the basic flow types of the
Serra Geral Formation and the textural patterns of
its pahoehoe and ‘a’d lavas are characterized in this
study. We have also discussed the factors that deter-
mined the textural contrasts identified in the volca-
nites of Torres Syncline, which is a major structure
of the Eastern portion of Parana-Etendeka Magmatic

Revista Brasileira de Geociéncias, volume 42(4), 2012

Province (Fig. 1). Papers focusing on the stratigraphy
and architecture of volcanic pile facies have been re-
cently published by Waichel et al. (2012).

Seven whole-rock chemical analyses were car-
ried out at the ACME analytical laboratories Ltd.,
Vancouver, Canada, with the application of the ana-
lytical routines 4A and 4B. The former yielded the
total contents of the main oxides and several trace
elements by means of inductively coupled plasma
atomic emission spectroscopy (ICP-AES). Routine
4B vyielded the concentrations of rare-earth and re-
fractory elements by means of [CP- mass spectrome-
try (MS). In both routines, 0.2 g of powdered sample
were used.

CHARACTERIZATION OF SUBAERIAL
BASIC FLOWS The terms used to describe
the types of (subaerial) basaltic flows and related
structures were taken from investigations on active
lava flows in the Hawaiian archipelago, where these
terms were established.

Based on surface features and structures,
MacDonald (1953) defined the pahoehoe, ‘a’a and
block lava flow types. The surfaces of the pahoehoe
type are smooth, billowy or ropy and the lava bodies
are internally structured with an upper zone, a core,
and a lower zone (MacDonald 1953, Aubele et al.
1988). The dynamics of the pahoehoe flow starts
with the advance of thin lobes and rapid formation of
the upper zone by the contact of the lava with the me-
dium, thus isolating the system internally. This crust
is inflated by the internal pressure of volatiles, which
promotes lava spreading, thickening, and transport
for long distances. Therefore, the pahoehoe flows are
generated in close systems, which maintain a very
slow heat loss (by conduction), around 0.5 °C/km
(Rowland & Walker 1990). To preserve these flows,
a horizontal paleotopography (< 5° declivity) and a
low volumetric flow rate or discharge (< 5 m3/s) are
required. These factors favor the spreading of such
flows for distances of tens of kilometers.

Differently, the ‘a’d flows are characterized
by scoriaceous top and base, presence of elongated/
stretched vesicles on the top, and access through hol-
lows of the upper portion of massive blocks as the lava
flows (MacDonald 1953, Kilburn 1990). When com-
pared to pahoehoe, ‘a’d lava flows are associated with
higher eruption rates (> 5 — 10 m3/s) and/or with a high-
er declivity of the terrain. Such lavas are transported in
open channels, being the flow sufficiently vigorous to
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Figure 1 — Geologic map of the Parand Basin, focusing on the Torres Syncline (Renner 2010).

prevent the generation of an external crust. Heat loss of
the order of 3 — 5°C/km increases the viscosity and de-
formation rate during the flow, preventing the lava from
reaching longer distances from the source. The blocky/
scoriaceous external shell is partially mixed with the
more internal portions as the flow advances, therefore
accelerating lava cooling. The area distribution in these
flows may be ampler in plateaus (e.g. Deccan, Brown
et al. 2011). Basal breccias occurrence in ‘a’a flows of
Serra Geral Formation, as interpreted here, is restrict-
ed or absent, contrasting with the channeled ‘a‘a flows
(e.g. Hawaii and Etna, Italy) that are in general associat-
ed with slopes and central conduits and where the basal
breccias are characteristically abundant.

746

The transitional type between pahoehoe
and ‘a’a is the rubbly pahoehoe. This term is ap-
plied to lava flows, whose top is composed of frag-
ments of pahoehoe lobes (Keszthelyi et al. 2000,
Keszthelyi 2002). The clasts are different from those
observed in the ‘a’a lavas, because they have a vitre-
ous shell on both sides, indicating that the lobe was
broken by the action of external forces instead of in-
ternal flow pressures. This top grades to a coherent
vesicular portion, then to a dense core, and finally
to the vesicular lower crust. These flows frequently
have a smooth base that is typical of pahoehoe.

The upper portion of the block lavas is
formed by angular and polyhedral fragments that are

Revista Brasileira de Geociéncias, volume 42(4), 2012
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regular in shape and have smooth surfaces. This por-
tion is generally formed by more viscous magmas
(Schmincke 2004), and it was not recognized in the
Parana-Etendeka Magmatic Province.

MORPHOLOGY OF SERRA GERAL
FORMATION BASIC ROCKS AT TORRES
SYNCLINAL Torres Syncline can be divided into
three regions — a main valley, an intermediate zone
and a southern hinge — each showing distinct total
thickness and stratigraphy, and reflecting the struc-
tural evolution of the synclinal.

One of the facies of the synclinal main valley
is constituted by thick (ponded) pahoehoe flows as il-
lustrated in Fig. 2, which fill interdune spaces of the
Botucatu Formation. The other facies is anastomosed
(lobes and compound pahoechoe) where the reliefs
were smoother. In this lower portion of the Torres
Syncline, S- (spongy, according to Walker 1989)
and P-types (pipe vesicle, according to Wilmoth &
Walker 1993) lobes were also identified.

Figure 2 — Ponded pahoehoe outcrops: (4) massive
internal organization and horizontal fracturing
pattern; (B) filling of Botucatu Formation interdunes
by ponded pahoehoe.

Revista Brasileira de Geociéncias, volume 42(4), 2012

S-type lobes are characterized by homoge-
neous distribution of vesicles, whereas the P-type
have vesicles in the shape of tubes (pipes) at the base
and massive rims. The emplacement of P-type lobes
(Figs. 3A and B) involves lower extrusion tempera-
tures than those of the S-type. In the P-type the rims
are vitreous and the central portions more crystalline,
which indicate slower crystallization. Such crystalli-
zation time interval favors the exsolution of volatiles
present in the magma (Wilmoth & Walker 1993, Oze
& Winter 2005). Alternatively, Hon et al. (1994) sug-
gest that the P-type lobes can be generated by pres-
surized lavas, in which the vitreous and dense zones
would cause an increase in the lobe internal pressure,
dissolving the volatiles present in the magma and in-
hibiting the formation of vesicles.

Very fine vesicular sheet flows occur associated
with the lobes and were produced by a single and contin-
uous effusion, generating thin horizontal flows (Fig. 4).

These facies are overlain by a succession of
3 m-thick, simple P-type pahoehoe flows (Fig. 4). To

|

Figure 3 — (4) P-type lobe with pipe vesicles, (B)
stratigraphic arrangement between P-type pahoehoe
lobes.
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the North, the succession of pahoehoe flows is ex-
posed at altitudes up to 330 and 370 m in the syncli-
nal main valley.

Following the pahoehoe flows, successive
‘a’a-type flows (individual thickness of 15 — 20 m)
with a scoriaceous lobular facies crop out at alti-
tudes up to 630 m. The blocks on top and at the base
of the ‘a’a flows are sub-rounded, highly vesicular
(Fig. 5) and internally deformed by the flow. These
suggest that they were formed at the limit of the frag-
ile-ductile conditions. The intense vesiculation of the
fragments and the random distribution of the blocks
indicate that break-up of the external portions and ro-
tation occurred as the lava flowed. Some fragments
reach an average of 10 to 30 cm in size and zeolitization

Figure 4 — Successive sheet flows. The arrows mark
the limit of the flows, the upper dotted line indicates
the contact between sheet flows and a simple
pahoehoe flood.

is common in spaces between blocks. An important
characteristic is that the fragments are oxidized, indicat-
ing the exposition of an original fragmented crust.

The origin of these flows is attributed to an in-
crease in magma effusion rate. The topographic factor
is discarded because the relief constructed by the pre-
ceding pahoehoe flows is considered flat. The com-
positional factor is also ruled out as the chemical
data presented in Table 1 indicate that the variations
in SiO, contents and in Fe,0,YMgO ratios are not
enough to explain the formation of different morpho-
logical types.

In the upper portions of the Torres Syncline
main valley, successive acid lava flows crop out with
local intercalations of ’‘a’a-type basalts, reaching
400 m in thickness.

Petrography of the pahoehoe flows  The petro-
graphic studies aimed at mineralogical and textural
identifications and classification of the basic rocks
from the main valley, including the localities of
Feliz, Caxias do Sul, Nova Padua, Sdo Marcos, and
Sdo Francisco da Paula. In these localities, pahoe-
hoe flows were identified in the lower portions of the
Torres Syncline and ‘a ‘@-type flows in the intermedi-
ate and upper portions of the Serra Geral Formation.

The pahoehoe flows were separated in pon-
ded, lobe (compound flows), sheet flow and simple
pahoehoe. The primary mineral composition of these
flows is constituted by plagioclase, augite, opaque
minerals, and apatite.

Table 1 — Results of the chemical analyses of different types of Serra Geral Formation basic flows in the valley

of the Torres Syncline

LR-04-A LR-11-A LR-12-A LR-13-A LR-18-B LR-23-A LR-27-B
pahoehoe , .- .-
ponded ponded ponded Simples a'a a’'a a'a

UTM 465957/ 465785/ 469516/ 464324/ 465352/ 466941/ 467971/

6738398 6743253 6741931 6752965 6754868 6757812 6759967
SiO, 55.65 50.91 50.56 48.69 56.84 53.07 S51.11
TiO, 1.33 1.17 1.07 1.06 1.46 1.17 1.52
ALO, 14.29 14.42 14.09 15.02 13.10 14.81 13.44
Fe O, 10.39 11.08 11.06 10.51 13.03 11.72 13.80
MnO 0.15 0.17 0.16 0.18 0.18 0.18 0.21
MgO 4.08 7.14 8.62 6.38 2.97 5.01 4.42
CaO 7.11 9.81 9.71 9.94 6.69 8.98 7.95
Na,0 2.63 2.03 1.82 1.66 2.52 2.43 2.12
K,0 2.34 1.06 0.92 1.14 2.55 1.73 1.40
PO 0.29 0.16 0.14 0.14 0.22 0.16 0.19
PF 1.5 1.7 1.5 5.0 0.2 0.5 3.5
SOMA 99.76 99.75 99.74 99.78 99.76 99.76 99.72
Fe,0,/MgO 2.29 1.40 1.15 1.48 3.95 2.11 2.81

Contents of major element oxides in weight percent. PF: loss on ignition
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Figure 5 — (A) Contact between top and base of 'a’a
flows; (B) breccia on the surface of the lava flow,
containing vesicular blocks; (C) breccia on top of
‘a’d lava, with spaces between the vesicular clasts
filled with zeolite and quartz.

In the ponded-type pahoehoe the rock is gen-
erally holocrystalline (fine to medium-grained pha-
neritic), with a matrix in which augite is intergranular
between plagioclase laths (Fig. 6). The porphyritic
texture is common, with clinopyroxene and plagio-
clase phenocrysts, the latter partly arranged in a sieve
texture. The glomeroporphyritic texture is frequent,
with clustering of plagioclase and subordinately au-
gite phenocrysts (Fig. 6C). The presence of segrega-
tion structures in the pahoehoe central portions plus
the microvesiculation between plagioclase and py-
roxene crystals, characterizing a diktytaxitic texture,
indicate, according to Goff’s (1996) criteria, a high
volatile content in the magma that originated these
lavas (Fig. 6D).

In the lobes, the cores are scarcely vesicular and
sometimes include finer-grained strips or zones with
aligned plagioclase. The upper crust is moderately
to highly vesicular, and the vesicle size increases in-
wards (Figs. 6 E and F). The external portion of the
upper crust is in general holohyaline and oxidized, and
the basal one rarely contains plagioclase phenocrysts,
which may have floated towards the top of the lobes.

The simple pahoehoe flows extruded af-
ter the peneplanation of the Botucatu Formation
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paleotopography. These flows are in average 3 m
thick and differ from the compound pahoehoe for
presenting a vesicular top, holocrystalline to hypo-
crystalline fine-grained phaneritic core, and a lower
portion with pipe vesicles. The vesiculation pattern is
marked by rounded to sub-rounded, rarely stretched
vesicles. In the core, augite is intergranular and the
diktytaxitic texture marks a microvesicular pattern,
both suggesting a slower cooling than that of the pa-
hoehoe lobes and ‘a’d lavas. Although the porphy-
ritic and glomeroporphyritic textures represented
by isolated or clustered plagioclase phenocrysts are
common, the abundance of phenocrysts in the simple
pahoehoe type is lower than that of the ponded one.

Petrography of the "a’a flows The mineral com-
position of the Torres Syncline ‘a’@ lavas is the same
of the pahoehoe: plagioclase, augite, opaque min-
erals, and apatite. The typical ‘a’a flows are thick
(15 to 20 m) and have a brecciated or clinkery shell
(Fig. 7A) and a massive core (MacDonald 1972,
Peterson & Tilling 1980, Rowland & Walker 1990).
The latter is aphanitic and hypocrystalline, with abun-
dant plagioclase microlites of the matrix surrounding
plagioclase phenocrysts.

Below the scoriaceous blocks, the rock is hypo-
crystalline and aphanitic, sometimes partially brecci-
ated, rich in plagioclase microlites, and with stretched
vesicles. It grades to internal parts, in which the flow
patterns can be autobrecciated generating fragments
of fluidal aspect (Fig. 7B), and to central zones, where
the very fine matrix surrounds plagioclase (Fig. 7C)
and subordinately augite glomerocrysts. The matrix
of the cores is characterized by intersertal and inter-
granular textural domains with clinopyroxene be-
tween plagioclase crystals. Characteristically, ‘a’a
lavas are more abundant in plagioclase microlites in
the matrix (< 0.1 mm) when compared to the cores
of the pahoehoe lavas (Fig. 7D). The microlites are
elongated, skeletal and bifurcated, suggesting chang-
es in the undercooling conditions.

DISCUSSION When comparing the basic flow
types of Serra Geral Formation in the Torres Syncline,
the marking petrographic aspect is the aphanitic and
hypocrystalline texture and the large quantity of pla-
gioclase microlites in the cores of the ‘a’a lavas,
which are different from the pahoehoe lobes and flows
that are texturally thicker and have larger plagioclase
phenocrysts. This textural contrast helps separating
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Figure 6 — Photomicrographs of pahoehoe flows, crossed nicols: (A—B) ponded pahoehoe showing fine-
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grained phaneritic and intergranular textures,; (C) glomeroporphyritic texture with aggregates of plagioclase
phenocrysts; (D) diktytaxitic texture with spaces between plagioclase crystals indicated in the image by the
letter d; (E—F) upper crust of pahoehoe vesicular lobe filled with nontronite, and plagioclase phenocrysts

surrounded by a microcrystalline matrix.

both subaerial flow types, and this criterion can be
extended to geologically similar areas (e.g. Hawaii,
Polacci et al. 1999, Lentz & Taylor 2002; Oregon
Plateau, Bondre & Hart 2008; and Deccan, Brown
et al. 2011). Textural differences of this type were
highlighted by MacDonald (1953), who attributed
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the greater crystallinity (abundance of crystals) of
the ‘a’a cores to the more vigorous movement during
emplacement.

Sato (1995), investigating the textural patterns
of basic lava types, stressed out lower abundance
of plagioclase in the matrix and the coarser texture
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Figure 7— Photomicrographs of "a’a lavas at the same scale of Fig. 5. (4) breccia composed of hypocrystalline

basalt fragments cemented by quartz and zeolites, plane-polarized light; (B) fluidal fragment generated in
autobrecciated flow, plane-polarized light; (C) core of a ‘a’d flow showing glomeroporphyritic texture in very
fine-grained phaneritic matrix, contrasting with the grain-size in Fig. 5C, crossed nicols; (D) core of a ‘a’a
flow with a very fine-grained phaneritic matrix, showing large abundance of plagioclase microlites (compare

with Fig. 5), plane-polarized light.

surrounding plagioclase of the pahoehoe lavas when
compared to ‘a’a ones, despite the almost identical
chemical composition of both types.

These differences are generically attributed
to a more rapid cooling of the ‘a’d lavas (open and
channeled system) when compared to pahoehoe
(closed and leveled system), although this fact does
not explain the larger volume of plagioclase micro-
lites in the matrix of the ‘a’a lavas.

The higher abundance of plagioclase in the
matrix of the ‘a’a flows can be related to the combi-
nation of some factors, such as undercooling, devola-
tization, and eruption or flow rate.

The undercooling that marks the difference
between the liguidus temperature and the effective
one of the first crystallization has influence in the
nucleation rate, growing, and crystal morphology.
Moderate undercooling indicates a more rapid drop
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in the magma temperature and favors nucleation rath-
er than crystal growing. This temperature interval is
strongly modified by degassing. The increase in /ig-
uidus temperature caused by devolatization enhances
undercooling, which in turn increases the nucleation
rate. The decrease in liguidus temperature with pres-
sure before devolatization followed by a rapid one
may generate early partial reabsorption of the phases.

Kouchi et al. (1986) experimentally demon-
strated that an increase in the internal movement
of a basic magma increases plagioclase nucleation
(shear effect), thus decreasing the incubation time
of these crystals.

The textural pattern and the plagioclase
abundance in the ‘a’d lavas can be explained by
the higher effusion rate (> 5 m?/s) of these sys-
tems. The pre-eruptive condition of rapid magma
ascension would promote the loss of volatiles in
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the upper portions, generating a convective pattern
of the system with the nondevolatized portions
(Kazahaya ef al. 1994). This movement would also
accelerate the degassing process and would in-
crease the undercooling interval and shear effect
in the system. Their combination could favor the
rapid nucleation of plagioclase crystals with elon-
gated and partially reabsorbed shapes.

CONCLUSIONS
the Syncline Torres can be divided in three re-
gions: a main valley, an intermediate zone, and a
southern hinge.

Low effusion rates (< 5 m¥s) mark the Serra
Geral Formation initial volcanic manifestations,

Serra Geral Formation in

where the spaces between the Botucatu Formation
dunes were filled with thick (ponded) pahoehoe
flows. In the smoother portions, the anastomosed fa-
cies predominated with compound pahoehoe, S- and
P-type lobes, and thin sheet flows.

With the peneplanation of the relief, flows suc-
cession acquired a simple P-type pahoehoe morphol-
ogy (average thickness of 3 m), however maintaining
the low effusion rates (< 5 m¥/s).

As rates increased, successive 15 to 20 m-thick
‘a’a-type flows were formed. The occurrence of ‘a’@
flows might only be attributed to an increase in the
magma effusion rates, discarding the paleorelief and
chemical variations in the generation of these flows.

Petrographically, the cores of the 'a’a-type basic
flows are characterized by an aphanitic and hypocrys-
talline texture and abundance of plagioclase microlites.
The pahoehoe lobes and flows are texturally coarser and
include larger plagioclase phenocrysts. These differenc-
es are generically attributed to rapid cooling of the ‘a’a@
lavas (open and channeled system), when compared to
pahoehoe (close and leveled system), although this fact
does not explain the greater volume of plagioclase micro-
lites in the matrix of the 'a ‘@ lavas.

The greater abundance of plagioclase in the
matrix of the ‘a ‘@ flows in comparison to pahoehoe is
attributed to undercooling, devolatization, and higher
eruption rate of the ‘a’a lavas.

When it comes to regional stratigraphic cor-
relations between flows of Serra Geral Formation,
the fact that the 'aa-type flows, differently from the
pahoehoe type, do not reach long distances from the
source, must be taken into account.
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