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THE ALKALINE POST-COLLISIONAL VOLCANISM OF THE CAMPO ALEGRE BASIN,
SOUTHERN BRAZIL: PETROGENETIC ASPECTS

BRENO LEITAO WAICHEL !, EVANDRO FERNANDES DE LIMA 2, LAURO VALENTIM STOLL NARDI 2 AND CARLOS
AUGUSTO SOMMER*

ABSTRACT The Campo Alegre Formation is composed of volcanic rocks related to the silica saturated alkaline series and represent part
of post-collisional Neoproterozoic magmatism (595 + 16 Ma) at the end of Brasiliano-Pan-African Orogenic Cycle. Rhyolites are the most
abundant lithological types, and occur associated to basalts, trachytes, trachydacites, auto-breccia, pyroclastic flow deposits, dikes and
ignimbrites. Two lithological associations, both of alkaline affinity, but with different contents of major and trace elements (e.g. Mg, P, Zr, Y,
Nb, and REE) were distinguished. Their parental basaltic magmas probably represent different fractions of melting from lithospheric mantle
metasomatized by subduction-related fluids during the previous Brasiliano-Pan-African Cycle. The Campo Alegre Basin volcanism is correlated
with the Acampamento Velho Formation in the southern portion of this region, in the Sul-rio-grandense Shield.

Keywords

INTRODUCTION Large areas of the Parana Basin basement, magmatism, which includes a large amount of granites. This volcano-
southern Brazil are occupied by a post-collisional magmatism (Nakdimentary sequence was denominated Guaratubinha Group (Ebert
& Bittencourt 1993), related to the Brasiliano-Pan African Cycle. Thi§971, Daitx and Carvalho 1980) and is constituted by the Bateias,
magmatic episode has been ascribed to the evolution of the retrcdeanpo Alegre and Rio Turvo formations. The Bateias Formation
foreland basins associated with the waning stages of the Brasilianggresents the lower portions of the sequence and consists of
Pan-African Cycle (Gresset al. 1996, Silva 1999). Granites with conglomerates and sandstones deposited on the basement. The Rio
minor intermediate and basic plutonic rocks, as well as large volcafliarvo Formation occurs in the upper portion of the basin sequence,
plateaus, represent lithological associations related to the calc-alkalimegrlying the Campo Alegre Formation, and encompasses epiclastic
shoshonitic and silica-saturated alkaline magmatic series. Cruastd volcanogenic sedimentary deposit.
derived granites are also widespread.

The Campo Alegre Basin (CAB) volcanic association represenGEOLOGY OF CAMPO ALEGRE FORMATION The Campo
part of the post-collisional magmatism related to final stages of tiidegre Formation (CAF) consists predominantly of volcanic rocks,
Brasiliano/Pan-African cycle in the northeastern of Catarinense Shielthich were grouped in a Lower Effusive Sequence (LES),
(Fig. 1). It consists of a Neoproterozoic volcano-sedimentary sequetiotermediary Epiclastic-volcanoclastic Sequence (IEVS) and an Upper
(595 + 16 Ma, Cordaret al.1999) lying on older Archean granulite Effusive Sequence (UES). The rock classification was based in TAS
terranes. A large number of metaluminous and peralkaline granitesdidigram (Le Ba®t al. 1986) (Fig. 2) and Zr/TiQ* 0.0001 versus
alkaline affinity in the southern Brazil region present this same age a8iD, diagram (Winchester & Floyd 1977) (Fig. 3). The LES is
are probably related to the same parental magmas. The CAB volcazomposed of basalts, in the basal portion and trachytes in the upper
association lacks evidence of deformation or metamorphism, andimtion, the IEVS lies between the effusive volcanic sequences and is
considered part of an alkaline-silica-saturated post-orogenitade of shales and volcanogenic sedimentary and pyroclastic flow
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Figure 1 - Localization Map of the Campo Alegre Basin.
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deposits. The UES occurs in the central part of the basin and consist¥he bimodal distribution of th€AF lithologies is indicated by the
of trachytes and rhyolites Basic volcanic rocks are mostly in the lowesimpositional gap in the 53 to 63% of Sidterval.
stratigraphic levels, as lava flows or dikes. Basalts have porphyritic Two different basic magmas were identified in @&F: Eastern
texture with phenocrysts of olivine and plagioclase in a matrix made Basalts EBas) and Western BasaltsMBas). This geographic
plagioclase, chlorite, carbonate iron oxides. separation is also supported by geochemical characteristics such as the
The most abundant lithologies are rhyolitic lavas with minoabundance of MgO, ., Zr, Nb, Y, and REE contents and Lajyb
amounts of trachytic and trachydacitic lavas. Felsic rocks show littlatios.EBasrepresent tﬁe least differentiated basic magmas, with 8%
mineralogical variation. Sanidine and quartz phenocrysts and. of MgO and low Cr and Ni values. These features, including the
ubiquitous; arfvedsonite and iron oxides may be present. The matfixck of negative Eu anomaly, are coherent with a differentiated
originally glass, was converted to fine-grained quartz-feldspaharacter caused by olivine + pyroxene fractionation. Nb negative
aggregates. Spherulites and micropoikilitic textures are presentanomaly relative to LREE suggests a lithospheric mantle source
denitrified acid lavas. Autobreccia also occurs and represents nomedified during previous subduction (Fig. 4). TBBasshow a slight
explosive fragmentation of flowing lava. The process commonlyREE enrichment relative to heavy REE (HREE), illustrated by sub-
affects the external surfaces of the lava flows and generates a laydnarizontal chondrite normalized REE patterns with La {, Ydtios
rigid blocks, plates and spines. varying around 3-4, similar to those of the calc-alkaline and mildly
Pyroclastic flow deposits are common as welded high temperatuatkaline basalts (Fig. 4). The Ba positive anomaly indicates the
ignimbrites. \olcanogenic sedimentary deposits represent gajpseraction of mantle sources or of parental magmas with continental
between eruptive periods marked by weathering and erosion. crust materials, and the high Ba/La ratios suggests the presence of Ba-

MAJOR- AND TRACE-ELEMENT GEOCHEMISTRY ¢nriched fluids in the source, related to subduction zones (Wilson
Geochemical studies in the Campo Alegre Formation (CAF) WeﬁSQ). TheEBastrace elements normalized against MORB values
0

based on major-, trace- and rare earth (REE) element data, obtai patterns similar to those of calc-alkaline basalts, except for the
from 26 volcanic whole-rock samples (Table 1). Analytica wer values of Rb and Th and the higher Ba contents (Fig. 5).

determinations were performed by Activation Laboratories, Ontario, 18

Canada, through Inductively Coupled Plasma (ICP) analysis for major - l l ' .
elements and Inductively Coupled Plasma Mass Spectrometry (ICP- 16 [~ -
MS) for trace elements and REE. r 7
The geochemical characterization of tBAF rocks was based 14r= 7
mainly on low mobility elements, due to high Loss on Ignition (LOI) I
values found mainly in the basic rocks and the larg d KO %, 12 ]
content variations in the trachytic and rhyolitic rocks, probablyZ 10k |
reflecting loss of alkali elements. L _
ON 8 f— —
x - -
Table 1 - Chemical analyses (major in % wt; trace and REE elements in ppm) 6 . 7
of the CAF: average values. . C A&ﬁA ]
EBas | WBas| LES ‘ UES ‘ L-ZrR ‘ H-ZrR L 5 ]
2 2 (©)] ) (O] 2 .,
SiO2 46.9 49.4 67.6 66.3 . 7313 r 1
Al203 16.5 16.1 14.7 14.7 12.8 128 0 Wb b b
FeOs 10.8 8.6 51 6.8 14 4.p 30 45 60 75 90
MgO 8.3 3.6 0.2 0.4 0.1 oL
CaO 7.2 8.6 0.7 0.4 0.1 ofa Sio,
Na0O 3.8 3.0 43 3.6 2.0 3.B Figure 2 — FCA samples plotted in TAS diagram (Le Bas et al. 1986). Legend:
K20 0.4 0.9 4.7 55 6.2 5[ O = trachytic rocksa = rhyolitic rocks;A = basic rocks.
TiO2 1.5 1.4 0.7 0.7 0.1 0.8
P05 0.2 0.6 0.3 0.1 0.03 0.0¢4 80T
Ba 833 850 1750 724 713 292 -
Rb 13 19 150 90 157 110 Rhyalite (@ O
Th 08 47 156 104 25.4 28|3 L om/Pan
Nb 5 20 33 20 15 3] i
Ta 0.3 1.1 1.8 1 2.6 2.p - N
Sr 698 787 267 73 55 3B 0 Rhyndacite-
Zr 116 272 476 674 148 12qo N Dacite
Hi 3 62 126 144 6.2 2% Q Trachyte
Y 27 37 72 54 37 11 7] L
La 11.6 64.2 92.7 82.9 74.7 148 L .
Ce 26 123 208 136 111 21 SUF  Andesite
Pr 3.3 12.9 20.3 17.6 3.9 J0 . .
Nd 164 517 79 701 462  119|2 s Phanolite
Sm 4.1 9.2 15.6 12.9 8.7 23{5 i
Eu 16 25 27 22 0.51 ip s F
Gd 4.8 87 152 12 8 22p Suh-Al
Thb 0.8 1.2 2.3 1.8 1.2 3.p Al
Dy 44 61 125 95 6.4 204 Basanite-Nephelinite
Ho 0.9 1.1 2.4 1.9 1.2 1 i
Er 26 33 71 57 3.8 1p o vl
Tm 0.3 0.4 1 0.8 0.5 18
Yb 2.3 2.8 6.4 5.3 35 118 0,001 0,01 0.1 1 10
Lu 0.3 0.4 0.9 0.8 0.5 1.8 . .
Nb/zr 004 008 006 003 01 ods Zr/Ti0,*0.0001
Ce/zr 022045 044 022 0.75 0.¢9 Figure 3 -FCA samples plotted in the Si® Zr/TiO, diagram (c.f. Winchester
La/zr 01 023 019 012 0.5 0.15 & Floyd (1977). Legend: X = EBas; + = WBas = diabasesQ = LES
Rb/zr 011 0.07 034 015 1.08 042 trachytes;i = UES trachytes? = H-Zr rhyolites;? = L-Zr rhyolites.
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A=diabases.
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Figure 6 — WBas basalts, UES trachytes and H-Zr rhyolites trace and REE elements spidergram (A) and REE variation diagram (B). Values are patterned fr
Haskin chondrite (Haskin et al. 1968). Legend: + = WBas;UES trachytes¢ = H-Zr rhyolites.
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Figure 7 — FCA trachytic and rhyolitic rocks plotted in the Zr versus TiOdiagram (c.f. Leat et al. 1986). Legend: Baixo K = low K calc-alkaline rocks;
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H-Zr rhyolites; = L-Zr rhyolites. trachytes;: = UES trachytesp = H-Zr rhyolites; O = L-Zr rhyolites.
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TheWBas represent fractionated melts with low MgO, Cr, Ni, ancet al. 1987). The very high contents of Zr suggest the original
TiO, and high BO,, Zr, Nb, Y contents. The high Zr values and theperalkaline character of these liquids. Low Ba (131-134 ppm) and Sr
REE pattern suggest the alkaline character of these rocks. NormaliZes-25 ppm) values are suggestive too of the alkaline affinity of these
MORB patterns of trace elements show characteristics similar toyolites (Ewart 1979). When plotted in the Si@rsusZr / TiO, x
within plate alkaline basalts, except for the lower Nb values (Fig 4),0001 diagram (Winchester & Floyd 1977), the khishrhyolites are
which suggest a mantle source modified by metasomatism associatidated in the comendite-pantelerite field (Fig. 2). In theetsus
to subduction (Wilson 1989). When comparede®as WBas show TiO2 diagram (Pearce 1980), these rocks are located in the within-
REE enrichment and higher La/Yatio with values close to 16 to 17 plate field (Fig. 8).In the Zr x Nb diagram (Lestal. 1986) the high
(Fig 4). The occurrence of transition&8RBas) and alkaline basalts Zr rhyolites are plotted in the peralkaline volcanic rocks related to
(WBas) is usual in continental rifts and in post-collisional settings, theubduction field, due to their high Zr values and Zr / Nb ratios.
chemical differences of their magmas is related to different partial melt

degrees in the asthenospheric or lithospheric mantle (BakeL977, CONCLUSIONS  The geochemical data of volcanic rocks from
Wilson 1989). %

The CAF trachytic rocks show major- and trace element conten ampo Alegre Formation indicated the occurrence of two magmatic

L . - sociations composed of basalts-trachytes-rhyolites, with typical
similar to continental rift trachytes, except for the lower Nb valuegpamical features. In the LES there are two kinds of basalts: the EBas
which are suggestive of post-collisional settings. !

The Lower Effusive SequencelS) trachytic rocks have higher located in the eastern portion of the basin, are transitional basalts (Zr
Ba (1725-2230), Rb (135-168 ppm), Nb (30-37) and Sr (224-337 115 ppm in average; La/Y= 4 ratio), which may be related to calc-

opm) contents and lower Zr values (401-470 ppm) when compare kaline or mildly alkaline magmatic series. The association with

; b X bably cogenetic trachytes indicates their alkaline affinity. The
Upt?er Eﬁfége ﬁequenh‘?whE%ETgl/? |_c|t|3zc|)5nlézlr|t¢? norn(]allzedt.REE WBas, situated in the western portion of the basin, are related to the
gﬁo;rgligs Fid Za;)w anhg ratio and negalivé Elykaline silica saturated series (Zr = 270 ppm in average and [.a/Yb

. . ratio = 17 ratio). The chemical differences between these basic
The UES trachytic rocks have higher Zr values (557-1045 ppm),,ymaq are ascribed to extractions of different fractions of melt from

gndzlgv%r Ba (147-%82tppnT1t)1' Rt;1(8?a-1t16 ppm),I_Nbd(lRSé%Q ppt)tm)a ntle source. Characteristics such as Nb negative anomalies,
r (23-78 ppm) contents. The chondrite normalize PatternSil tionation of REE and LILE enrichment, suggest that these basalts

theUES show relatively high LREE / HREE ratio. There is one grou ; : ; ; e
of UES rocks with negative Eu anomalies (Fig 7 B). In the Zr >§Tioplave their source associated to lithospheric mantle modified by

: . . : subduction.
diagram (Pearce 1980), tRFAF trachytic rocks are situated in the ™" o tic rocks occur in the LES and UES and have different
within plate field (Fig. 7). Leadt al. (1986) proposed the utilization of stratigraphic and chemical characteristics. The LES trachytes represent
Zr values and Zr x Nb diagram for the geochemical and tectonic sett

h terizati f acid rocks. In this di RS trach inally metaluminous liquids of mildly alkaline affinity (Zr = 480

characterization of acid rocks. In this diagram, rachytes are ,n in average), while the UES trachytes can be considered typically

situated close to the boundary between alkaline and sub-alkaline f'egﬁaline (zr = 680 ppm in average)

TheUEStrachytes are plotted in the field of peralkaline volcanic rocks "1, groups of rhyolitic rocks were distinguished based on Zr

Eg!ategg to subductiodue to their high Zr values and Zr / Nb ratiosontents. The high Zr rhyolites show high contents of Zr, Nb, Y and
ig. 8).

. . w of Sr and Ba and an originally peralkaline character, also
Two groups of rhyolitic rocks were recognized based upon the ¢fioqeted by REE patterns. Low Zr rhyolites have low Zr, Nb, Y and
values: low Zr rhyolites, with values ranging between 107 to 182 pp gh Ba and Sr values, similar to those of calc-alkaline rhyolitic
and high Zr rhyolites, with contents ranging between 650 to 2500 PP g mas and metaluminous granitic magmas of the post-collisional
The low Zr rhyolites show lower Zr (107-182 ppm), Nb (9-19 ppm), \él aline associations.

(33-42 ppm) and Ga (16-22 ppm) values and higher Ba (609-923 ppM)rya” cAF volcanic rocks belong to a magmatic association of

and Sr (30 - 60 ppm) contents, when compared to high Zr rhyo”“?ﬁi1dly alkaline affinity probably originated from a lithospheric mantle

These chemical characteristics are similar to those of Calc'alkaliﬂﬁ)diﬁed by fluids related with the previous Brasiliano subduction

rhyolitic rocks (Lapierret al. 1997) or to those of metaluminous rocksevent_ This volcanic association is comparable to the Taquarembo

of alkaline silica saturated series. In the Zr x TiO2 (Fig. 7) diagrargy1iaau volcanism (Wildnet al.1999), and both represent part of the

the low Zr rhyolites are located in the island-arc lava field and in t : . o o Afri
Zr x Nb (Fig. 8) diagram they are situated in the calc-alkaline alr?? Stcm?ﬁgﬁlsgrt;oz?ﬁ of magmatism in the Brasiliano Pan-African Cycle

high-K calc-alkaline fields. . ) .

The high-Zr rhyolites have higher trace-element contents: Zr (658cknowledgements  This research was financially supported by
2500 ppm), Nb (24-67 ppm), Y (66-255 ppm) and Ga (25 — 29 ppnJRONEX-UFRGS and CNPq 520036/96.4. To two anonymous
which are characteristic of alkaline rocks (Peatca. 1984, Whalen referees of RBG for their critical review of the manuscript.
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