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CHAPTER 5: THE VOLCANIC SEDIMENTARY COMPLEX AT 
SERRA BRANCA  
 

 

5.1 Introduction 
This chapter focuses on the Serra Branca area, beginning with the location and regional geology of the 

area. Descriptions and interpretations of the volcanic and sedimentary facies associations are then 

presented, and followed by discussion of the composition, stratigraphy and correlations, and age of the 

volcanic facies of the VS Complex. The final sections deal with the environment of deposition, facies 

architecture and evolution of the VS Complex. 

 

Some of the volcanic and sedimentary facies of Serra Branca are similar to facies in the Neves Corvo 

and Albernoa areas, and their interpretations are also similar. Nevertheless, full descriptions and 

interpretations of the Serra Branca succession are given here so that this chapter can stand alone, and 

also because some facies at Serra Branca are not found in the other areas.  

  

5.1.1 Location 

The Serra Branca area is located approximately 15 km north to the city of Mértola, in the northern-

central part of the Iberian Pyrite Belt (Fig. 2.3). The study area encompasses the VS Complex on both 

sides of the Guadiana River and extends west towards Serra Branca hill, as far as the Corte Gafo road 

(Fig. 5.1). 

 

5.1.2 General geology 

The Serra Branca area is located in the northern branch of the Iberian Pyrite Belt (Oliveira, 1990; Silva 

et al., 1990) and includes one of the northernmost exposures of the VS Complex. In this area, regional 

deformation has produced stacked thrust nappes that have been folded to form tight antiforms, and 

regional axial-plane cleavage (Silva et al., 1990). The overturned limb of the antiforms may be 

disrupted by reverse faults (Silva et al., 1990). The metamorphic grade in this part of the Iberian Pyrite 

Belt is sub-greenschist, and characterised by actinolite-pumpellyite and actinolite-epidote assemblages 

(e.g. Munhá, 1990). Primary volcanic textures are well preserved, due to the relatively low 

metamorphic grade and mild deformation, except in proximity to the thrust fault zones. Hydrothermal 

alteration has affected an area centred on Serra Branca hill, close to a relatively small gossan. The 

rocks in this area are moderately to intensely altered, and primary textures are not preserved. This zone 

extends up to 1 km from the gossan. However, exploration for massive sulfide ore deposits in this area 

has been unsuccessful. 



Figure 5.1: Simplified geology of the Serra Branca and Mertola area, adapted from Geological Map 
of Portugal, sheet 8, scale 1:200000. Yellow outline shows the Serra Branca study area (Fig. 5.2). 
Inset shows location of the Iberian Pyrite Belt in the Iberian Peninsula and location of the Serra 
Branca area in the Iberian Pyrite Belt, adapted from Thieblemont et al. (1998a). 
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At Serra Branca the VS Complex is autochthonous, and exposed in the core of an antiform where it 

overlies the PQ Group. The VS Complex is overlain by interbedded non-volcanic mudstone and 

sandstone assigned to the post-volcanic Freixial Formation, and both are overthrust by allochthonous 

units of the PQ Group. The antiform trends WNW-ESE, plunges to the ESE and verges to the S. The 

PQ Group consists of massive black mudstone locally interbedded with massive brown quartzite. The 

VS Complex is represented by coherent facies and monomictic breccia, ranging in composition from 

rhyolite to andesite, and by several fiamme-rich volcaniclastic intervals. These volcanic facies are 

interbedded with thin intervals of crystal-rich sandstone and siliceous mudstone. Relatively small, 

lenticular quartz-phyric or quartz-feldspar-phyric units disrupt this sequence.  

 

Right-lateral, NW-SE striking faults and left-lateral, NE-SW striking faults occur throughout the area 

and are responsible for small displacements of the stratigraphy. 

 

5.1.3 Methods 

Volcanic facies analysis of Serra Branca is based on lithofacies mapping (Figs. 5.2 and 5.3), 

complemented by detailed logging (Appendix 3B) along both banks of the Guadiana River, the 

Guadiana road, the Serra Branca hill and the Corte Gafo road. Outcrops along the Freixial and Vale 

Covo creeks, and several dirt roads, and other outcrops in the area were also mapped. Field data were 

complemented by observations of polished slabs and thin sections. 
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Figure 5.2: Lithofacies map of the Serra Branca area. Stratigraphic logs are in Appendix 3B. Grid coordinates refer to the Universal Transverse Mercator System (UTM). Topographic contours are in 10 m intervals.  Yellow rectangle outlines area shown
in Figure 5.3.

Mudstone and
quartzite (PQ Group)

Jasper

Mudstone
Sandstone and mudstone
(Freixial Formation)Large-scale banded coherent dacite 

Coherent banded feldspar-phyric dacite

Coherent andesite
Coherent banded 
quartz-phyric rhyolite

Fiamme breccia 

Monomictic dacite breccia

Foliated coherent dacite 

Perlitic dacite breccia 

Fiamme-rich purple sandstone

Polymictic lithic-fiamme breccia

Massive or banded coherent dacite

Siliceous mudstone 

Trend of
antiform axis

Stratigraphic log 
location

Inferred fault

Fault

Thrust

Road

130 70 Bedding

130 70 Overturned 
bedding

BA

River, Creek

F

F

Younging 
direction

Lithic-rich coarse breccia

Area not mapped

50
100100

100

100
Freixial creek

Vale Covo creek

170

135
149

153

121

169

173

178

Serra Branca

Gua
dia

na
 ri

ve
r

G
ua

di
an

a r
oa

d

M

G

I

J

L

O

618617616615

618617616615

4174

4173

4172

4174

4173

4172

B

A

D

C

Corte Gafo road

F

F

E

F

H

N

K

P

SB44

SB65

SB71

SB60

SB70
SB68

SB67

SB54

SB72 e SB72A

SB74

SB77SB76

SB83

SB81

SB40
SB42SB75

SB66

SB64

SB63

SB69

SB96

N

SB55

SB56

SB57
SB58

SB59

SB61
SB62

100
80

95
80

95
80

SB72

SB41

SB47

SB48

SB43

95
60

110
80

SB45

SB46
SB49

SB50

110
80

SB51
SB53

100
75

SB71 Sample location

C apter 5 - The VS Complex at Serra Branca   5-4



50 m
100 m

Guad
ian

a r
ive

r

G
ua

di
an

a r
oa

d

B

A

D

C

F

E

SB4

SB85
SB5

SB18, SB18B

SB31

SB20A, B, C

SB78
SB20D

SB20

SB79

SB80

SB82A, SB82B

SB30
SB20E

SB40
SB6
SB7
SB88 SB90

SB89

SB91
SB92

SB9

SB94

SB95

SB73

SB1
SB2

SB3

SB11
SB12

SB10

SB19 SB13 SB15

SB14

SB16
SB17

SB21
SB22

SB23
SB24
SB25

SB26
SB27
SB28
SB29

SB33
SB32

SB35
SB36

SB37

SB38
SB39

60

75

110
75

70

120
60

110
80

80

120 70

65

110

115

110

110

110

Mudstone and quartzite (PQ Group)Mudstone

Sandstone and mudstone
(Freixial Formation)

Large-scale banded coherent dacite 

Coherent banded feldspar-phyric dacite

Coherent banded quartz-phyric rhyolite

Fiamme breccia Monomictic dacite breccia

Foliated coherent dacite 

Perlitic dacite breccia 

Fiamme-rich purple sandstone

Polymictic lithic-fiamme breccia

Massive or banded coherent dacite

Siliceous mudstone 

Lithic-rich coarse breccia

Massive feldspar-phyric
dacite breccia

N

100 m
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as in Figure 5.2.
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5.2 Facies associations, descriptions and interpretations 
Twenty-seven facies were identified in the VS Complex at Serra Branca. These facies are grouped 

according to their composition, texture, mineralogy and spatial relationship into seven facies 

associations (Table 5.1): (1) Dacite facies association; (2) Banded feldspar-phyric dacite facies 

association; (3) Banded quartz-phyric rhyolite facies association; (4) Fiamme-rich facies association; 

(5) Graded breccia facies association; (6) Crystal-rich sandstone and siliceous mudstone facies 

association; (7) Mudstone and jasper facies association. The perlitic dacite breccia facies, coherent 

andesite facies and massive polymictic breccia facies were also identified at Serra Branca. A table 

summarising the facies characteristics and interpretations is presented in Appendix 3A. 
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Table 5.1: Summary of the principal facies of Serra Branca. 
Facies association Lithofacies Interpretation 

Coherent dacite facies 

Monomictic dacite breccia 

Stratified monomictic dacite 
breccia 

Diffusely stratified crystal-rich 
sandstone 

Stratified siltstone 

Sediment-matrix dacite 
breccia 

Dacite facies 
association 

Non-stratified sediment-matrix 
dacitic breccia 

Lava/dome with thick hyaloclastite 
margins and resedimented hyaloclastite 
apron. Infiltration breccia at the upper 

contact and peperite at the lower contact 

Coherent banded feldspar-
phyric dacite 

Jigsaw-fit feldspar-phyric 
dacite breccia 

Banded feldspar-
phyric dacite facies 

association Massive feldspar phyric dacite 
breccia 

Cryptodomes, partly-extrusive 
cryptodomes and lavas/domes (?) with 

hyaloclastite margins and aprons of 
resedimented hyaloclastite 

Coherent banded quartz-phyric 
rhyolite 

Monomictic banded quartz-
phyric rhyolite breccia 

Banded quartz-phyric 
rhyolite facies 

association 
Fiamme-rhyolite breccia 

Cryptodomes and partly-extrusive 
cryptodomes, with 

hyaloclastite/autobreccia margins, and 
locally blocky peperite at the upper 

contact 

Perlitic dacite breccia 
facies Perlitic dacite breccia Intensely quench fragmented lava 

Coherent andesite 
facies Coherent andesite Coherent facies of sills or lavas 

Fiamme breccia 
 Polymictic lithic-fiamme 

breccia 
Crystal- and fiamme-rich 

mudstone 

Fiamme-rich facies 
association 

Fiamme-rich purple sandstone

Eruption-fed felsic pyroclastic units 

Lithic-rich coarse breccia 

Lithic-rich fine breccia Graded breccia facies 
association 

Fiamme sandstone 

Relatively small eruption-fed felsic 
pyroclastic unit 

Massive polymictic 
breccia facies Massive polymictic breccia 

Explosive eruption from a 
pumiceous/dense partly extrusive 

cryptodome, and remobilised 
unconsolidated sediments 

Crystal-rich sandstone  Crystal-rich sandstone 
and siliceous mudstone 

facies association Siliceous mudstone 

Fine volcanic components, deposited 
from turbidity currents 

Mudstone Mudstone and jasper 
facies association Jasper 

Hemipelagic sedimentation and 
hydrothermal deposits 
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5.2.1 Dacite facies association 

The dacite facies association is the most voluminous facies association present at Serra Branca, 

extending throughout the central part of the area. Intervals of this facies association can be up to 300 

m thick and comprise seven lithofacies: coherent dacite facies (divided into three sub-facies), 

monomictic dacite breccia facies, stratified monomictic dacite breccia facies, diffusely stratified 

crystal-rich sandstone facies, stratified siltstone facies, sediment-matrix dacite breccia facies and non-

stratified sediment-matrix dacite breccia facies.  

 

The coherent and monomictic dacite breccia facies are largely dominant over other facies in this 

association. The three stratified facies were identified only in the Guadiana River and road sections. 

The sediment-matrix dacite breccia facies and the non-stratified sediment-matrix dacite breccia facies 

occur as thin intervals along the upper and lower contacts of the facies association, respectively. 

 

Coherent dacite facies 

The coherent dacite facies comprises three sub-facies: massive or banded coherent dacite, large-scale 

banded coherent dacite, and foliated coherent dacite (Fig. 5.4). 

 

All sub-facies have similar phenocryst content, comprising euhedral to subhedral, quartz and feldspar 

(plagioclase and minor K-feldspar) crystals (Fig. 5.5A), set evenly in a fine (<1 mm) groundmass of 

quartz, feldspar and phyllosilicates. The quartz phenocrysts are up to 10 modal %, 1-2 mm across but 

can reach 6 mm. They are embayed and contain inclusions. Feldspars occur as phenocrysts or in 

glomeroporphyritic aggregates and are 0.5-3 mm across but can be up to 5 mm. They account for 15-

20 modal % and are variably altered to phyllosilicates. Rare euhedral biotite phenocrysts (up to 3 

modal %, 1-2 mm across), altered to chlorite, were also recognised.  

 

Spherulites or amygdales are minor in the dacite groundmass. Amygdales can be up to 3 mm across, 

and are infilled with variable combinations of chlorite, sericite and quartz. The coherent dacite 

groundmass is altered. The secondary minerals, responsible for its green tone, are mainly chlorite, 

sericite, and minor epidote. Locally, the dacite groundmass is pink, attributed to small amounts of 

disseminated hematite. The coherent dacite also contains relatively abundant trachytic enclaves up to 

10 cm across. The enclaves have diffuse and irregular margins or are angular with sharp margins (Fig. 

5.5B). The trachyte is typically aphyric consisting of microgranular feldspar. 

 

Massive or banded coherent dacite sub-facies 

The massive or banded coherent dacite sub-facies is the most voluminous coherent dacite sub-facies. It 

extends laterally throughout the Serra Branca area, and can be up to 100 m thick. Massive domains 

have uniform porphyritic texture. The banded domains have planar and thin (up to 1 cm) flow bands
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(Fig. 5.5C) that are locally folded into complex patterns. The bands are characterised by different 

abundances of fine-grained phyllosilicates in the microcrystalline quartzo-feldspathic groundmass. 

 

Large-scale banded coherent dacite sub-facies 

The large-scale banded coherent dacite sub-facies was identified in the Guadiana River and road 

sections and in Freixial Creek. This sub-facies extends laterally for a minimum of 1 km, and has an 

approximate thickness of 20 m. It is characterised by the alternation of planar bands up to 5 cm thick 

that are recessive in outcrop, and thicker (5 to 20 cm), planar, massive bands that are prominent in 

outcrop (Figs. 5.5D and E). The bands differ in the proportions of fine-grained phyllosilicates and 

microcrystalline quartz and feldspar in the groundmass. The recessive bands are dominated by 

phyllosilicates (more than 50% of the groundmass composition) and contain rare spherulites. The 

massive, prominent bands have microcrystalline, quartz- and feldspar-rich groundmasses that contain 

minor phyllosilicates. The phyllosilicate-rich recessive bands show a weak, banding-parallel foliation. 

 

Foliated coherent dacite sub-facies 

This sub-facies has a similar distribution and thickness to the large-scale banded coherent dacite sub-

facies and occurs above or below it. The foliated coherent dacite sub-facies is characterised by 

abundant phyllosilicates in the groundmass and minor microcrystalline quartz and feldspar. It has the 

same outcrop and textural characteristics as the recessive bands of the large-scale banded coherent 

dacite sub-facies. 

 

Monomictic dacite breccia facies 

This facies is the most voluminous of the dacite facies association. It occurs throughout the Serra 

Branca area, extending laterally for a minimum of 8 km with a maximum thickness of 300 m, or 

locally in thin (up to 5 m) intervals (Fig. 5.6). Intervals of monomictic dacite breccia grade to the 

coherent dacite facies or the overlying stratified monomictic dacite breccia facies and sediment-matrix 

dacite breccia facies. The contacts are sharp and irregular with facies of other associations, and 

typically discordant with the underlying PQ Group, or siliceous mudstone facies (crystal-rich 

sandstone and siliceous mudstone facies association). The upper contact with the crystal- and fiamme-

rich mudstone facies (fiamme-rich facies association) is irregular. At Serra Branca hill, this facies is 

affected by intense hydrothermal alteration, spatially related to the Serra Branca gossan. 

 

The monomictic dacite breccia facies is clast- to matrix-supported, massive and poorly sorted (Figs. 

5.6A and B). The clasts have similar phenocryst populations and texture to the coherent dacite, 

although they are commonly perlitic. Irregular trachyte enclaves occur in the dacite clasts, and more 

rarely, as isolated fragments in the breccia. The clasts (<1 cm up to 1 m across) have irregular and 

blocky shapes with dominantly planar and curviplanar margins. Groups of clasts typically show
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jigsaw-fit or clast-rotated texture. The breccia matrix consists of fine (<2 mm) dacite clasts, and quartz 

and feldspar crystals and crystal fragments. The dacite clasts are sericite altered, but their rim is 

typically chlorite-altered. This style of alteration can obscure clast shapes and sizes and makes the 

breccia appear more matrix-rich, with some jigsaw-fit domains appearing to be matrix-supported. This 

style of alteration was also identified in the non-stratified clast- to matrix-supported dacite breccia at 

Albernoa (section 4.2.1).  

 

In the Guadiana River section, some thin intervals (<5 m) of this facies have a more matrix-rich top 

and contain rare clasts of perlitic dacite breccia facies. 

 

Stratified monomictic dacite breccia facies 

The stratified monomictic dacite breccia was identified in the Guadiana River and road sections (Fig. 

5.7). Intervals of this facies extend laterally for a minimum of 300 m and vary in thickness from 2 to 

10 m. This facies has gradational contacts with the underlying monomictic dacite breccia facies, or 

irregular and sharp (basal) or gradational (top) contacts with the diffusely stratified crystal-rich 

sandstone facies and the stratified siltstone facies.  

 

Intervals of this facies are massive or diffusely stratified, poorly sorted and matrix- to clast-supported. 

Beds are crudely defined and up to 1 m in thickness, having diffuse and gradational contacts with 

adjacent beds. The clasts are 4-6 cm across on average, but can be up to 30 cm, and are similar to the 

clasts in the monomictic dacite breccia facies. The matrix consists of quartz and feldspar crystal 

fragments and fine (<2 mm) dacite clasts. Clasts with a chlorite-rich groundmass are elongate fiamme 

aligned parallel to bedding (Fig. 5.7A). 

 

Diffusely stratified crystal-rich sandstone facies 

This facies occurs in the Guadiana River and road sections (Fig. 5.7), where it extends laterally for 

approximately 300 m, and has sharp or gradational contacts with the interbedded stratified siltstone 

facies (Fig. 5.8). The contacts with the overlying crystal-rich sandstone (crystal-rich sandstone and 

siliceous mudstone facies association) are irregular and diffuse, or sharp. 

 

Intervals of this facies vary from 50 cm up to 5 m in thickness, and are diffusely or distinctly stratified. 

Single beds (1 cm to 20 cm thick) are planar and laterally continuous (Fig. 5.7B). The beds are 

internally massive or diffusely laminated and locally normally graded. They consist of quartz and 

feldspar crystal fragments and fine dacite clasts (<2 mm), and have a phyllosilicate matrix. Very 

coarse sandstone (clasts up to 5 mm across) occurs at the base of some beds. In the Guadiana River 

section, beds of this facies onlap the stratified monomictic dacite breccia facies (Fig. 5.7C). 

 



Figure 5.7: Part of the A-B stratigraphic log from the Guadiana River east bank, showing 
representative intervals of stratified monomictic dacite breccia, diffusely stratified crystal-rich 
sandstone, and stratified siltstone of the dacite facies association. A - Blocky clasts (outlined) and 
fiamme (arrows) in the stratified monomictic dacite breccia. B - Bedded interval of diffusely stratified 
crystal-rich sandstone and stratified siltstone. C - Onlapping contact (dashed line) of the diffusely 
stratified crystal-rich sandstone (bedded) over the stratified monomictic dacite breccia (SR). Map 
shows location of the A-B stratigraphic section; complete log is in Appendix 3B.
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Stratified siltstone facies 

This facies is interbedded with the diffusely stratified crystal-rich sandstone facies and has a similar 

distribution (Figs. 5.7 and 5.8). Contacts between adjacent siltstone beds are gradational and in some 

places, thin siltstone beds are laterally amalgamated, merging into thicker beds. The stratified siltstone 

consists of very fine quartz and feldspar crystal fragments, felsic volcanic (?) clasts and fine 

phyllosilicates. 

 

Sediment-matrix dacite breccia facies 

This facies was recognised only in the Guadiana River section where it is up to 50 cm thick, 

comprising clast-supported dacite breccia (Fig. 5.9) with planar laminated siltstone between the dacite 

clasts (Fig. 5.9A). It grades to the underlying monomictic dacite breccia and overlying stratified 

siltstone facies or diffusely stratified crystal-rich sandstone facies. This facies is texturally identical to 

the sediment-matrix dacite breccia facies identified at Albernoa (section 4.2.1 and 4.5.2). The dacite 

clasts have similar shapes, sizes and textures to the clasts in the monomictic dacite breccia. The 

laminated siltstone in the matrix consists of phyllosilicates and lesser fine feldspar and quartz crystal 

fragments. The laminae in separate pockets of siltstone matrix are parallel to one another and to the 

overlying regional bedding, and locally drape dacite clasts (Fig. 5.9B). 

 

Non-stratified sediment-matrix dacitic breccia facies 

The non-stratified sediment-matrix dacitic breccia facies was identified in the Guadiana River and 

Freixial Creek sections. Intervals of this facies are up to 50 cm thick and occur at the lower contact of 

the monomictic dacite breccia facies with black mudstone of the PQ Group, or siliceous mudstone 

(crystal-rich sandstone and siliceous mudstone facies association). The contacts with the overlying and 

underlying facies are gradational. This facies is similar to the non-stratified sediment-matrix dacite 

breccia facies identified at Albernoa (section 4.2.1), and the rhyolite-sediment breccia facies of Neves 

Corvo (section 3.2.1). 

 

The non-stratified sediment-matrix dacitic breccia facies is massive, matrix- to clast-supported, poorly 

sorted, comprising dacite clasts and quartz and feldspar crystal fragments in a phyllosilicate-rich 

mudstone matrix (Fig. 5.10). The dacite clasts (up to 10 cm across) are irregular, and blocky or fluidal 

in shape. The mudstone is massive or shows contorted and disrupted laminae.  

 

Stratigraphic units 

The stratified monomictic dacite breccia, diffusely stratified crystal-rich sandstone facies and the 

stratified siltstone facies combine to form two units that occur above and laterally equivalent to the 

monomictic dacite breccia facies in the Guadiana River section (Fig. 5.7). These units are up to 10 m 

thick and extend laterally for a minimum of 25 m. The stratified monomictic dacite breccia occurs
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typically in the lower part of these units and is overlain by the diffusely stratified crystal-rich 

sandstone facies and the stratified siltstone facies. The contacts among facies in these units are 

gradational or sharp. 

 

Interpretation of the dacite facies association 

The coherent dacite has similar composition (D. Rosa et al., in press) and phenocryst content to the 

dacite clasts in other facies of this association. The spatial relationships among different dacite facies 

and the gradational contacts between them indicate the dacite facies are probably genetically related, 

and the clastic dacite facies are derived from the coherent dacite facies. 

 

Perlitic fractures form by hydration of volcanic glass and indicate the groundmass of the dacite in the 

monomictic dacite breccia facies and the stratified monomictic dacite breccia facies was at least 

partially glassy (Ross and Smith, 1955; Friedman et al., 1966). Spherulites form by high-temperature 

crystallisation of glass (Lofgren, 1971) and were identified in the coherent dacite facies. 

 

Blocky and polyhedral clasts with perlitic groundmasses, in the monomictic dacite breccia facies, 

suggest that fragmentation was brittle, possibly during contact of hot dacite with water (e.g. Pichler, 

1965; Yamagishi and Dimroth, 1985). Given the jigsaw-fit domains this facies is interpreted to be in 

situ hyaloclastite (e.g. Pichler, 1965). The stratified domains (stratified monomictic dacite breccia 

facies, the diffusely stratified crystal-rich sandstone facies and the stratified siltstone facies) grade 

laterally into jigsaw-fit hyaloclastite, and are consistent with formation from resedimentation of the 

hyaloclastite. 

 

The stratified monomictic dacite breccia was probably deposited from gravity-driven collapse of 

unstable hyaloclastite. The angular shapes of the dacite clast are inconsistent with significant 

transportation or reworking. The fiamme may have been vesicular dacite clasts that were easily 

compacted during diagenesis. The intercalation of planar, normally graded beds of diffusely stratified 

crystal-rich sandstone with beds of stratified siltstone suggests deposition of these facies from 

turbidity currents. The angular quartz and feldspar fragments in these facies were probably formed by 

quench fragmentation of the dacite. Explosive fragmentation can produce abundant angular crystal 

fragments and blocky clasts, however, the small volume of these facies and their gradation to in situ 

hyaloclastite (monomictic dacite breccia) argue against this mechanism being important in generating 

the finer components. 

 

The bands in the large-scale banded coherent dacite sub-facies and the massive or banded coherent 

dacite sub-facies are probably flow bands formed by laminar flowage of the dacite during its 

emplacement. The bands in the large-scale banded coherent dacite sub-facies could originally have 
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been defined by crystalline (now microcrystalline quartz and feldspar) and glassy (now phyllosilicate-

rich) bands in the dacite groundmass, accentuated further by their different responses to deformation, 

alteration and metamorphism. The originally glassy bands may have been converted to clays or 

zeolites during diagenesis, and to phyllosilicates during regional metamorphism. The quartz- and 

feldspar-rich bands may have been originally crystalline. The phyllosilicate-rich layers would have 

developed cleavage easily during deformation compared with the more competent quartzo-feldspathic 

bands. Large-scale parallel bands (up to 4 m thick) defined by contrasts in groundmass crystallinity, 

and interpreted to be flow-bands, have been described in the late Pliocene felsic Kalogeros 

cryptodome, Milos, Greece (e.g. Stewart and McPhie, 2003), and Miocene Momo-iwa cryptodome, 

Hokkaido, Japan (e.g. Goto and McPhie, 1998).  

 

The characteristics of the non-stratified sediment-matrix dacite breccia (blocky dacite clasts, massive 

or disturbed bedding in the mudstone matrix, gradational contacts), and its position at the base of the 

dacite facies association, are consistent with interpreting this facies as peperite (e.g. Kokelaar, 1982).  

 

The siltstone of the sediment-matrix dacite breccia shows preserved laminae that locally drape dacite 

clasts and are parallel to the regional bedding. These characteristics and the location of this facies at 

the top of the dacite facies association suggest that fine sediment has infiltrated into interclast spaces 

of the hyaloclastite carapace of a lava or dome (e.g. Rawlings et al., 1999). 

 

The dacite facies association includes domains of coherent dacite surrounded by in situ (monomictic 

dacite breccia facies) and resedimented hyaloclastite (stratified monomictic dacite breccia facies, 

diffusely stratified crystal-rich sandstone facies and stratified siltstone facies). These resedimented 

facies and the infiltration breccia (sediment-matrix dacite breccia) indicate the dacite facies association 

was totally or partly extrusive. The presence of peperite along the lower contact implies emplacement 

over unconsolidated sediments. This association is typical of intrabasinal, submarine felsic lavas or 

domes (e.g. De Rosen-Spence et al., 1980; Yamagishi and Dimroth, 1985; Kano et al., 1991; Scutter et 

al., 1998; Doyle and McPhie, 2000). 

 

5.2.2 Banded feldspar-phyric dacite facies association 

This facies association comprises four relatively small, isolated units that are 0.5 to 1 km in length and 

up to 100 m thick, and two larger units up to 2 km long and 200 m thick. These units are exposed in 

the Guadiana River and road sections, Freixial Creek, at Serra Branca hill, and along the Corte Gafo 

road (Fig. 5.11). The contacts of these units with other facies associations are poorly exposed and 

unclear. However, the contacts with the fiamme-rich facies association are commonly discordant, 

whereas with the mudstone and jasper facies association are planar and sharp, interpreted to be faults. 
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Figure 5.11: Detail of Figure 5.3 showing the location of the banded feldspar-phyric dacite unit on the 
Guadiana road. A - Flow-bands (arrow) in the banded feldspar-phyric dacite unit on the Guadiana 
road. B and C - Schematic representation of the emplacement of the banded feldspar-phyric dacite 
unit, and location of the jigsaw-fit feldspar-phyric dacite breccia facies and the massive 
feldspar-phyric dacite breccia facies.
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This facies association comprises three facies: coherent banded feldspar-phyric dacite facies, jigsaw-fit 

feldspar-phyric dacite breccia facies and massive feldspar-phyric dacite breccia facies. 

 

Units of the banded feldspar-phyric dacite facies association consist mainly of coherent banded 

feldspar-phyric dacite facies, with margins of jigsaw-fit feldspar-phyric dacite breccia facies. The 

jigsaw-fit feldspar-phyric dacite breccia facies grades laterally to the massive feldspar-phyric dacite 

breccia facies. 

 

Coherent banded feldspar-phyric dacite facies 

This facies is the most voluminous of the banded feldspar-phyric dacite facies association and 

characterised by evenly distributed quartz and feldspar phenocrysts in a microcrystalline quartzo-

feldspathic and phyllosilicate groundmass. The quartz phenocrysts (5-7 modal %, up to 2 mm) are 

euhedral to subhedral. The feldspar (plagioclase and K-feldspar) phenocrysts and glomeroporphyritic 

aggregates (20 modal %, up to 3 mm) are euhedral to subhedral. Rare altered amphibole and biotite 

phenocrysts were also identified. Units of this facies are typically flow banded. Bands are planar, 0.5 

to 5 cm thick (Fig. 5.11A), and defined by the weak to moderate alignment of the long axes of feldspar 

phenocrysts, and also by differences in the groundmass mineralogy (quartz- and feldspar-rich bands 

versus phyllosilicate-rich bands). Fine-grained hematite is disseminated in the dacite groundmass and 

responsible for its purple colour. 

 

Jigsaw-fit feldspar-phyric dacite breccia facies 

This facies occurs only at the top contacts of some banded feldspar-phyric dacite units. The best 

exposure is along the Guadiana road, where it occurs as a relatively thin (up to 5 m thick) interval that 

extends laterally for approximately 60 m. Intervals of jigsaw-fit feldspar-phyric dacite breccia grade to 

the underlying coherent banded feldspar-phyric dacite facies and to the overlying massive feldspar-

phyric dacite breccia facies. The contacts with other overlying facies are sharp. This facies is 

monomictic and characterised by jigsaw-fit texture of blocky feldspar-phyric dacite clasts with planar 

or curviplanar margins (Fig. 5.11).  

 

Massive feldspar-phyric dacite breccia facies 

This facies occurs only between the Guadiana road and river sections in a lenticular unit, 20 m long 

and 1 to 10 m thick. The massive feldspar-phyric dacite breccia facies grades laterally to the jigsaw-fit 

feldspar-phyric dacite breccia facies or the polymictic lithic-fiamme breccia facies (fiamme-rich facies 

association) (Fig. 5.11). This facies comprises massive, very coarse, chaotic breccia of angular, blocky 

clasts (5 cm to 10 m across) of banded feldspar-phyric dacite. The matrix of the breccia consists of 

fine (<3 cm) clasts of banded feldspar-phyric dacite, fiamme similar to those of the fiamme-rich facies 
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association and abundant phyllosilicates. This facies become crudely bedded, thinner, finer and more 

matrix-rich away from the contact with the jigsaw-fit feldspar-phyric dacite breccia facies. 

 

Interpretation of the banded feldspar-phyric dacite facies association 

The blocky and polyhedral clast shapes of the jigsaw-fit feldspar-phyric dacite breccia facies and the 

jigsaw-fit textures indicate that fragmentation was brittle and occurred in situ. Hence, this facies is 

interpreted as in situ hyaloclastite (e.g. Pichler, 1965; Yamagishi, 1987). The massive feldspar-phyric 

dacite breccia facies grades laterally into the jigsaw-fit feldspar-phyric dacite breccia facies and 

becomes thinner and finer away from it, suggesting that the massive feldspar-phyric dacite breccia 

facies formed by resedimentation of the jigsaw-fit feldspar-phyric dacite breccia. This interpretation 

also implies that some units were at least partly extrusive and could be partly extrusive cryptodomes 

(e.g. McPhie et al., 1993) (Figs. 5.11B and C). Other units of this facies association have discordant 

and locally concordant upper contacts, and lack the massive feldspar-phyric dacite breccia facies, 

which suggests they are intrusions, and given their small dimensions, probably cryptodomes.  

 

5.2.3 Banded quartz-phyric rhyolite facies association 

The banded quartz-phyric rhyolite facies association comprises lenticular units (up to 150 m thick and 

up to 300 m long) in the central-eastern part of the area. These units were identified in the Guadiana 

River and road sections (Fig. 5.12), Serra Branca hill and Vale Covo Creek. Lower contacts are 

commonly concealed. Lateral and upper contacts are typically discordant with the bedding of the 

fiamme-rich facies association and are interpreted to be intrusive. Locally, the contacts are sharp and 

planar, and are interpreted to be faults. This facies association comprises the coherent banded quartz-

phyric rhyolite facies, monomictic banded quartz-phyric rhyolite breccia facies and fiamme-rhyolite 

breccia facies. 

 

Coherent banded quartz-phyric rhyolite facies 

The coherent banded quartz-phyric rhyolite facies is characterised by a quartz-feldspar porphyritic 

texture in a banded groundmass (Fig. 5.13A). The quartz phenocrysts are 5 modal %, up to 2 mm, 

euhedral and embayed. The feldspar phenocrysts (K-feldspar and plagioclase) are 1-2 modal %, up to 

1 mm and euhedral. The rhyolite groundmass is commonly flow banded. Flow bands are planar (up to 

1 cm thick) reflecting differences in mineralogy (bands with microcrystalline quartz and minor 

phyllosilicates alternate with more phyllosilicate-rich and quartz-poor bands). Locally, these bands are 

intricately folded. Spherulites up to 0.5 mm across can be abundant in the rhyolite groundmass, and 

occur isolated, in clusters or bands. Disseminated fine-grained hematite is scattered throughout the 

rhyolite groundmass. 
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respectively. Logs show representative intervals of the banded quartz-phyric rhyolite facies 
association. A - Detail of Figure 5.2 in the Serra Branca hill area showing the shape of the banded 
quartz-phyric rhyolite unit and location of section G-H. Map shows location of stratigraphic sections 
E-F and G-H; complete logs are in Appendix 3B.
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Figure 5.13: The banded quartz-phyric rhyolite facies association. A - Polished slab (SB 78a) of  the 
coherent banded quartz-phyric rhyolite showing the typical bands (Guadiana road). B -  Columnar joints 
(plunge 300 to 2900) in the coherent banded quartz-phyric rhyolite of Serra Branca hill. See Figure 5.12A 
for location. C - Schematic representation of the upper contact of the banded quartz-phyric rhyolite with 
the fiamme breccia facies. D - Photomicrograph (crossed nicols) of the fiamme-rhyolite breccia with 
abundant spherulites in the matrix (arrows) and a blocky rhyolite clast (R). Sample SB-30 (Guadiana 
road). E - Photomicrograph (crossed nicols) of the fiamme-rhyolite breccia matrix shown in D with 
abundant spherulites (arrows) in a quartz-rich matrix.
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At Serra Branca hill, a unit of coherent banded quartz-phyric rhyolite has a more complex shape. It is 

partly lenticular but also has an irregular, elongate lobe, perpendicular to the lense, and to bedding in 

the adjacent fiamme breccia facies (Fig. 5.12A). The groundmass in the irregular lobe is spherulitic 

and more quartz- and feldspar-rich, containing only minor phyllosilicates. This irregular lobe is also 

characterised by columnar joints (Fig. 5.13B). The columns are regular, and wider (20-30 cm across) 

in the interior compared with the margins (4-6 cm across). Column axes are perpendicular to the 

margins of the lobe and axes plunge 30º to 290º. The contacts of the lobe with the monomictic dacite 

breccia (dacite facies association) are irregular and sharp.  

 

Monomictic banded quartz-phyric rhyolite breccia facies 

This facies occurs in a single ~50-cm-thick interval, and was identified only at the top contact of the 

banded quartz-phyric rhyolite units with the fiamme breccia facies (fiamme-rich facies association) in 

the Guadiana road section and at Serra Branca hill. This facies grades to the coherent banded quartz-

phyric rhyolite facies and to the fiamme-rhyolite breccia facies. Intervals of the monomictic banded 

quartz-phyric rhyolite breccia are clast-supported and show jigsaw-fit texture. The rhyolite clasts are 

up to 10 cm across, and have planar and curviplanar margins that are either oblique or parallel to the 

bands in the groundmass. The matrix of this facies consists of fine (<2 mm) rhyolite clasts and crystal 

fragments. 

 

Fiamme-rhyolite breccia facies 

This facies occurs along the top contact of the banded quartz-phyric rhyolite unit identified in the 

Guadiana River and road sections. The fiamme-rhyolite breccia facies grades to the monomictic 

banded quartz-phyric rhyolite breccia facies and to the fiamme breccia facies (fiamme-rich facies 

association) (Fig. 5.13C). 

 

The fiamme-rhyolite breccia facies is 50 cm thick and clast- to matrix-supported. Apart from the 

fiamme, the clasts are similar to those in the monomictic banded quartz-phyric rhyolite breccia facies. 

The matrix grades to the fiamme breccia facies (fiamme-rich facies association) and contains rare 

fiamme, similar to fiamme in the fiamme breccia facies (fiamme-rich facies association, section 5.7). 

The fiamme are elongate parallel to bedding, quartz- and feldspar-phyric, and may have a linear fabric 

visible on surfaces parallel to bedding. The linear fabric in adjacent fiamme can be randomly oriented 

and has probably been inherited from the walls of tube vesicles. Therefore, the fiamme are interpreted 

to have been pumice clasts. The matrix of the fiamme-rhyolite breccia facies consists of 

microcrystalline quartz that is coarser-grained than the matrix of the fiamme breccia facies, and has a 

higher concentration of spherulites. (Figs. 5.13D and E). The spherulites are up to 0.5 mm across and 

are confined to a spherulitic domain parallel to the contact with the banded quartz-phyric rhyolite unit. 
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Interpretation of the banded quartz-phyric rhyolite facies association 

The units of the banded quartz-phyric rhyolite facies association are dominated by coherent banded 

quartz-phyric rhyolite facies, but some units have a thin upper margin of monomictic breccia 

(monomictic banded quartz-phyric rhyolite breccia facies). One unit in the Guadiana road section is 

separated from the fiamme breccia facies (fiamme-rich facies association) by the fiamme-rhyolite 

breccia facies.  

 

Spherulites form by high-temperature crystallisation of glass (Lofgren, 1971) and indicate the 

groundmass of the coherent banded quartz-phyric rhyolite was at least partly crystalline. The columnar 

joints, and more spherulitic and microcrystalline groundmass of the irregular lobe of coherent banded 

quartz-phyric rhyolite at Serra Branca hill, suggest it cooled more slowly than the lenticular units. The 

lobe has groundmass textures (microcrystalline and spherulitic), shape, contact relationships and 

internal structure (columnar joints) consistent with it having been the feeder of the lenticular unit to 

which it is connected. Columnar joints being perpendicular to the margins, and an increase in their 

diameter towards the centre of the lobe are consistent with homogeneous cooling from the margins to 

the interior of intrusions (Spry, 1962). 

 

The blocky and polyhedral clast shapes of the monomictic banded quartz-phyric rhyolite breccia 

suggest that fragmentation was brittle. Fragmentation probably occurred by a combination of 

autobrecciation and quenching. 

 

The unit in the Guadiana road has an upper contact with the fiamme-breccia facies (fiamme-rich facies 

association) that is interpreted to be intrusive. The contact is defined by the fiamme-rhyolite breccia 

facies. The matrix of this facies has coarser grain size when compared with the fiamme breccia facies 

into which it grades, and abundant spherulites, suggesting the fiamme breccia facies has undergone 

crystallisation of its components in proximity to the banded quartz-phyric rhyolite unit. The fiamme 

breccia facies (fiamme-rich facies association) is interpreted to have originally consisted of glassy 

pumice clasts (section 5.7). Later re-heating of volcanic glass may cause high-temperature 

crystallisation of glass, forming spherulites (e.g. Lofgren, 1971) and can occur in proximity to 

intrusions (e.g. McPhie and Hunns, 1995). Secondary welding of pumice clasts and formation of 

spherulites have been identified at the contacts of intrusions that were emplaced into a pumice-lithic 

breccia in the volcanic succession at Mount Chalmers, Queensland, Australia (e.g. McPhie and Hunns, 

1995). Therefore, high-temperature crystallisation of glassy pumice clasts (fiamme-rich facies 

association) due to intrusion of the rhyolite unit can account for the textural differences among the 

originally similar components in the matrix of the fiamme-rhyolite breccia facies and the fiamme-

breccia facies (fiamme-rich facies association). The fiamme-rhyolite breccia facies is interpreted to be 

blocky peperite. 
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The lenticular shapes of the banded quartz-phyric rhyolite units and their intrusive upper contacts with 

the surrounding facies, suggest they are cryptodomes. However, some clasts of banded quartz-phyric 

rhyolite occur in the polymictic lithic-fiamme breccia facies (fiamme-rich facies association), 

implying that at least part of some of the banded quartz-phyric rhyolite units were extrusive, although 

extrusive contacts have not been identified. 

 

5.2.4 Perlitic dacite breccia facies 

The perlitic dacite breccia facies occurs in a single interval approximately 3 m thick that extends 

laterally for a minimum of 500 m. It was recognised in the Guadiana River and road sections (Fig. 

5.14), and Freixial Creek. The lower contact of this facies with the monomictic dacite breccia facies 

(dacite facies association) is sharp and oblique, interpreted to be a fault. The lower contact with the 

siliceous mudstone facies (crystal-rich sandstone and siliceous mudstone facies association) is 

irregular. The upper contact with the siliceous mudstone facies (crystal-rich sandstone and siliceous 

mudstone facies association) is sharp and oblique, interpreted to be a fault. The composition of the 

perlitic dacite breccia facies was not determined (section 5.3), but the phenocryst content (feldspar ~3 

modal %), is in accordance with a dacitic, or less felsic composition. 

 

The perlitic dacite breccia facies is clastic throughout its entire extent, comprising massive, 

monomictic and dominantly clast-supported breccia. The dacite clasts (<1 cm to 1 m) are irregular and 

blocky with planar and curviplanar margins (Fig. 5.14A); groups of clasts show jigsaw-fit textures. 

The dacite is weakly feldspar-phyric (3 modal %, euhedral and up to 1 mm). The groundmass is 

phyllosilicate-rich, containing chlorite, quartz, feldspar, and rare oxides, and amygdaloidal (amygdales 

<10%, up to 5 mm, filled with chlorite and quartz). The dacite typically shows abundant macroscopic 

(up to 1.5 cm in diameter) (Fig. 5.14B) and microscopic classic perlitic fractures.  

 

The upper 50 cm of the perlitic dacite breccia facies is matrix-supported and composed of abundant 

perlitic dacite clasts (up to 12 cm across) and rare angular quartz- and feldspar-phyric dacite clasts (~7 

cm) that are texturally similar to dacite of the dacite facies association. The matrix consists of fine (<2 

mm) perlitic dacite clasts. Locally at the base of this facies interval, siliceous, white or purple, very
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Figure 5.14: Part of stratigraphic log A-B from the Guadiana River east bank, showing the perlitic 
dacite breccia facies. A - The perlitic dacite breccia facies in outcrop near its upper contact. B - Detail 
of A, showing a clast of perlitic dacite with large diameter perlitic fractures in the groundmass. Map 
shows location of the stratigraphic section A-B; complete log is in Appendix 3B.
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fine-grained matrix occurs between the perlitic dacite clasts. The overlying massive polymictic breccia 

facies contains abundant perlitic dacite clasts. 

 

Interpretation of the perlitic dacite breccia facies 

Clasts with abundant and coarse perlitic fractures in the groundmass, blocky and polyhedral shapes, 

and planar and curviplanar margins are consistent with fragmentation accompanying quenching of 

molten lava by water. The presence of jigsaw-fit texture indicates that fragmentation was largely in 

situ. The polymictic nature (clasts of monomictic dacite breccia facies) of the upper part, and presence 

of abundant perlitic dacite clasts in the overlying massive polymictic breccia facies suggest the dacitic 

unit was extrusive. This facies is thus interpreted as in situ hyaloclastite (e.g. Pichler, 1965; 

Yamagishi, 1987) formed by pervasive quench fragmentation of a thin lava. 

 

The low content and small size of the phenocrysts suggests that the extrusion temperature of the dacite 

was very high, possibly close to the liquidus temperature. Lavas of felsic composition typically have 

both coherent and autoclastic facies but in this case, no coherent facies was identified in the perlitic 

dacite breccia unit. Coherent facies may however be present laterally away from the studied sections. 

 

The white and purple, very fine-grained siliceous matrix locally identified near the lower contact of 

this facies has an uncertain origin. It may be an alteration product, or alternatively, relate to the 

underlying mudstone facies. In the latter case, the association of this siliceous matrix with the perlitic 

dacite clasts may be peperite, formed during the flowage of the perlitic dacite breccia over 

unconsolidated sediment (e.g. Kokelaar, 1982). 

 

5.2.5 Coherent andesite facies 

The coherent andesite facies is exposed in two parts of the Corte Gafo road section (Fig. 5.15). It 

extends laterally for a minimum of 1 km and has a variable thickness of 20 m to 50 m. The contacts 

with the underlying and overlying siliceous mudstone facies (crystal-rich sandstone and siliceous 

mudstone facies) and monomictic dacite breccia (dacite facies association) are poorly exposed, but are 

sharp and concordant. 

 

The coherent andesite facies is feldspar-pyroxene-phyric. The plagioclase phenocrysts (now mainly 

albite) are euhedral, 10 modal % and up to 1 mm. The pyroxene (augite) phenocrysts are euhedral, 5 

modal %, up to 1 mm and altered to chlorite and epidote. The groundmass is characterised by fine 

interlocking plagioclase needles (0.1 - 0.2 mm) and minor, very fine-grained chlorite, epidote, 

phyllosilicates and disseminated opaque phases. Round, irregular or elongate amygdales, up to 5 mm 

across and filled with chlorite and/or carbonates are common (Fig. 5.15A).  



500 m

50
100100

100

100
Freixial creek

Vale Covo creek

149

Serra Branca

Gua
dia

na
 ri

ve
r

G
ua

di
an

a r
oa

d

N

M

G

H

I

J

L

K

O

P

617616615

618617616615

4174

4173

4172

4174

4173

4172

D

C

Corte Gafo road

F

F

N

M

N

Figure 5.15: Part of stratigraphic log M-N from the Corte Gafo road showing the coherent andesite 
facies. A - Slab of coherent andesite (sample SB64) showing round chlorite amygdales (dark dots). 
Map shows location of the section M-N; complete log is in Appendix 3B.
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Interpretation of the coherent andesite facies 

The porphyritic texture, the sharp concordant upper contact and the facies geometry are consistent 

with considering the units of this facies as either lavas or sills. However, clasts of the coherent 

andesite facies where not identified in any volcaniclastic facies at Serra Branca. Therefore, the 

coherent andesite units are more likely to be sills. 

 

5.2.6 Fiamme-rich facies association 

This facies association is the second most voluminous in the Serra Branca area, after the dacite facies 

association. Intervals of the fiamme-rich facies association are 20 m to 200 m thick, occur in all 

studied sections and extend laterally throughout the Serra Branca area for approximately 8 km. The 

fiamme-rich facies association comprises four facies: the fiamme breccia facies; the polymictic lithic-

fiamme breccia facies; the crystal- and fiamme-rich mudstone facies, and the fiamme-rich purple 

sandstone facies. The contacts among these facies are gradational, and contacts with other facies 

associations are typically sharp or more rarely gradational. 

 

Facies of the fiamme-rich facies association have similar composition (D. Rosa et al., in press) and 

typically contain ragged or wispy fiamme. The fiamme are quartz-feldspar-biotite-phyric, or aphyric. 

The groundmasses of the fiamme consist of variable combinations of fine quartz, feldspar, sericite and 

chlorite, and may show a linear fabric discernible on surfaces parallel to bedding. The quartz- 

feldspar-phyric texture of fiamme indicates they had a felsic igneous origin. The wispy shapes suggest 

that the fiamme were compacted and therefore may have been vesicular. These characteristics suggest 

that the fiamme were originally pumice clasts. Porphyritic clasts with preserved blocky shapes are 

common in silicified and less deformed zones of this facies association. They also have a strong linear 

fabric in the groundmass that is interpreted to be inherited from the walls of tube vesicles, or 

alternatively, fine flow lamination. 

 

Fiamme breccia facies 

Intervals of this facies vary in thickness from 20 m to 150 m, were identified throughout the Serra 

Branca area, and are well exposed in the Guadiana River and road sections (Fig. 5.16).  

 

This facies consists of fiamme (<1 cm to 30 cm), irregular and blocky porphyritic clasts (up to 20 cm), 

and quartz and feldspar crystals and crystal fragments (Figs. 5.17A and B). These components are set 

in a microcrystalline quartz and phyllosilicate matrix that also contains variable proportions of fine (<2 

mm) components similar to those of the framework. On surfaces parallel to bedding, some fiamme and 

porphyritic clasts have a linear fabric in the groundmass that is randomly oriented (Figs. 5.17C and D). 

Variations in the abundance of chlorite versus silica in the fiamme groundmasses have highlighted or 

obscured fiamme and clast shapes, giving a false matrix-rich aspect to the breccia (Fig. 5.17E). 



Figure 5.16: Fiamme-rich facies association. Part of stratigraphic logs C-D and E-F from the 
Guadiana River west bank and Guadiana road, respectively. The logs show representative intervals of 
fiamme breccia and crystal- and fiamme-rich mudstone. Map shows location of sections C-D and 
E-F; complete logs are in Appendix 3B.
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Figure 5.17: Characteristics of the fiamme breccia facies. A - Outcrop showing elongate quartz- and 
feldspar-phyric fiamme (fiamme-rich facies association) altered to chlorite (green wisps). Guadiana 
road. B - Similar to A. Two perpendicular surfaces showing the extremely elongate fiamme (arrows). 
Guadiana road. C - Photomicrograph (plane polarised light) of the fiamme breccia facies showing the 
tube vesicles (arrow directions are parallel to tube vesicles) with random orientation, in a matrix com-
posed of finer tube pumice clasts. Some fiamme are altered to iron oxides (black minerals). Sample SB-
20D (Guadiana road). D - Similar to C. E - Slab (SB 20) of the fiamme breccia facies parallel to bedding. 
The breccia appears to be matrix-supported due to different intensities of chlorite and silica replacement 
of the fiamme. Fiamme are randomly oriented (arrows) according to the internal linear fabric (tube vesi-
cles). Arrow directions are parallel to the tube vesicles (Guadiana road).
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Intervals of fiamme breccia facies are well- to diffusely bedded. Beds are internally massive and clast-

supported. The bed thickness appears to show a direct relation with grain size. The finer grained beds 

(clasts <2 cm) are 5 cm to 50 cm thick, whereas the coarser beds (clasts >2 cm) are 1 m thick but can 

be up to 2 m thick.  

 

Polymictic lithic-fiamme breccia facies  

This facies defines a single 5- to 10-m-thick interval near the upper contact of the fiamme-rich facies 

association, and occurs discontinuously throughout the Serra Branca area (Fig. 5.18).  

 

The polymictic lithic-fiamme breccia facies is massive, clast-supported and poorly sorted. This facies 

is similar to the coarser intervals of the fiamme breccia facies but is dominated by the blocky 

porphyritic clasts with a linear groundmass fabric. The matrix consists of fine (<2 mm) fiamme, quartz 

and feldspar crystal fragments and phyllosilicates. This facies also contains up to 20 modal % blocky, 

irregular and angular dense clasts that have similar textures to the banded feldspar-phyric dacite facies, 

the coherent dacite facies and the banded quartz-phyric rhyolite facies (Figs. 5.18A and B). Of these, 

the banded feldspar-phyric dacite clasts (<1 cm to 15 cm) are the most abundant, and are locally the 

only type of dense clasts in this facies. The dacite and banded quartz-phyric rhyolite clasts (1 cm to 5 

cm) are only ~20% of the dense clasts. 

 

The matrix of this facies and some clasts are locally silicified and hematite-altered, which gives them a 

purple or pink tone. The fine-grained disseminated hematite and microcrystalline quartz vary in 

abundance laterally along the facies interval. In the more altered zones, fiamme are not recognisable 

and the porphyritic clasts with a linear groundmass fabric are very well preserved, showing blocky and 

angular, or wispy shapes (Figs. 5.18C and D). 

 

Crystal- and fiamme-rich mudstone facies 

Intervals of this facies vary in thickness from few centimetres to 8 m and are interbedded with the 

fiamme breccia facies (Fig. 5.19).  

 

The crystal- and fiamme-rich mudstone facies comprises massive, planar mudstone beds up to 20 cm 

thick (Fig. 5.19A) that consist of phyllosilicates and minor microcrystalline quartz. The mudstone 

includes some outsize (up to 6 cm) fiamme, and quartz and feldspar crystal fragments. In the Guadiana 

River and Freixial Creek sections, this facies is interbedded with the fiamme-rich purple sandstone 

facies, and the mudstone component is purple, similar to the purple mudstone of the mudstone facies. 

 

This facies has an irregular contact with the underlying monomictic dacite breccia (dacite facies 

association) in the Guadiana road section. Immediately above the contact (~1 m), the crystal- and
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Figure 5.18: Part of stratigraphic logs A-B and C-D from the Guadiana River east and west banks, 
respectively. The logs show representative intervals of the polymictic lithic-fiamme breccia facies of 
the fiamme-rich facies association. A - The polymictic lithic-fiamme breccia in outcrop. Dense clasts 
(arrows)  of flow-banded feldspar-phyric dacite are prominent in a fiamme breccia matrix. B - Detail 
of the polymictic lithic-fiamme breccia in A, showing dense dacite (DD) and flow-banded 
feldspar-phyric dacite (FD) clasts. C - Silicified zone of polymictic lithic-fiamme breccia, showing the 
clast-supported framework. D - Detail of C. The clasts have blocky (B) and wispy (W) shapes and are 
randomly oriented according to an internal linear fabric that may have been tube vesicles, or fine flow 
banding. Map shows location of sections A-B and C-D; complete logs are in Appendix 3B.
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Figure 5.19: Part of stratigraphic logs A-B and E-F from the Guadiana River east bank and Guadiana 
road, respectively. The logs show representative intervals of the crystal- and fiamme-rich mudstone of 
the fiamme-rich facies association. A - Beds of the crystal- and fiamme-rich mudstone (arrow). B - 
Crystal- and fiamme-rich mudstone containing dacite clasts (outlined) approximately 1 m above the 
contact between the monomictic dacite breccia and the crystal- and fiamme-rich mudstone facies. Map 
shows location of sections A-B and E-F; complete logs are in Appendix 3B.
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fiamme-rich mudstone contains scattered dacite clasts (<3 cm), quartz and feldspar crystals and crystal 

fragments (Fig. 5.19B). These components diminish in size and abundance upwards in this interval; 

the dacite clasts are similar to those in the monomictic dacite breccia. 

 

Fiamme-rich purple sandstone facies 

This facies occurs near the top of the fiamme-rich facies association and was identified only in the 

Guadiana River and Freixial Creek sections. Intervals of the fiamme-rich purple sandstone facies (3 to 

5 m thick) are laterally discontinuous, and have a minimum lateral extent of 300 m (Fig. 5.20).  

 

The sandstone beds are massive, up to 30 cm thick and clast-supported. The sandstone consists of 

fiamme, and quartz and feldspar crystal fragments in a phyllosilicate and hematite matrix, and may 

contain abundant coarse fiamme (up to 3 mm x 7 cm across), angular quartz- and feldspar-phyric 

igneous clasts (up to 5 cm), and purple mudstone clasts (0.5 cm to 2 cm) (Fig. 5.20A). 

 

There is a gradual decrease in the abundance of coarse fiamme and dense igneous clasts, and a gradual 

increase in the purple mudstone clasts and matrix, upwards through the facies interval. The upper 

metre of this facies grades into the overlying mudstone facies. This transition is reflected by the 

intercalation of progressively thicker purple mudstone beds with progressively thinner fiamme-rich 

purple sandstone (10 cm thick or less) (Fig. 5.20B). 

 

Interpretation of the fiamme-rich facies association 

The similar composition (D. Rosa et al., in press), gradational contacts and distribution of all fiamme-

rich facies indicate they are genetically related. The fiamme and clasts with a linear groundmass fabric 

are probably pyroclasts, given their angular or ragged shape, porphyritic texture, probably originally 

vesicular nature, high abundance and relatively fine-grain size. Fragmentation resulting from the 

violent interaction of vesiculating magma with sea water at the vent is not excluded, since these 

eruptions can also form thick, diffusely bedded units of irregular and blocky pumice clasts (e.g. Allen 

and McPhie, 2000). The quartz- and feldspar-phyric texture of these components indicates they have a 

felsic composition. The quartz and feldspar crystals and crystal fragments are also probably pyroclasts. 

Although dominantly consisting of pyroclasts, facies of this association lack evidence of having been 

deposited hot. Early silicification of some pumice clasts may have contributed to the preservation of 

their shapes. Silica replacing glass of vesicle walls and infilling vesicles may have prevented vesicle 

collapse during diagenetic compaction and deformation. 

 

The relatively well sorted, massive, planar and laterally continuous nature of the bedding in the 

fiamme breccia facies suggests deposition from subaqueous gravity currents. These beds contain 

abundant crystal fragments and dacite clasts. The thicker beds are more poorly sorted, and contain



Figure 5.20: Part of stratigraphic logs A-B and C-D from the Guadiana River east and west banks, 
respectively. The logs show representative intervals of the fiamme-rich purple sandstone facies of the 
fiamme-rich facies association. A - Slab of the fiamme-rich purple sandstone facies (sample SB53) 
near its basal contact  (F- Fiamme; QF- dacite clast; FR- flow-banded quartz-phyric rhyolite clast) B -  
Exposure near the top contact of the fiamme-rich purple sandstone with purple mudstone of the 
mudstone facies. Fiamme-rich purple sandstone beds (black arrows) decrease in thickness upwards 
and purple mudstone beds (white arrows) increase in thickness in the same direction. Map shows 
location of sections A-B and C-D; complete logs are in Appendix 3B.
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fiamme and abundant fine matrix that could originally have been fine glassy ash. The abundant 

pumice (now fiamme) lapilli must have been waterlogged rapidly after eruption. Waterlogging is more 

effective if the hot pumice lapilli are delivered directly into the subaqueous environment (e.g. 

Whitham and Sparks, 1986; McPhie and Allen, 2003). Waterlogged pumice lapilli can be readily 

incorporated into gravity currents that are fed directly from subaqueous vents.  

 

The fiamme in the crystal- and fiamme-rich mudstone facies were probably deposited by water-settled 

fallout, simultaneously with the very fine particles of the mudstone. These very fine particles may 

originally have been fine glassy ash. The quartz and feldspar crystals and crystal fragments, and dacite 

clasts may have been deposited from low-density gravity currents. 

 

The polymictic lithic-fiamme breccia facies has a mixed provenance. The fiamme and the clasts with 

the linear groundmass fabrics are probably pyroclasts. The dense components (banded feldspar-phyric 

dacite clasts, dacite clasts and banded quartz-phyric rhyolite clasts) may have been vent-sourced 

(accessory lithic pyroclasts), or collected en-route by the subaqueous pyroclastic gravity current 

(accidental lithic clasts).  

 

The fiamme-rich purple sandstone facies was probably deposited from low-density gravity currents, as 

it is well bedded and the beds are planar. 

 

5.2.7 Graded breccia facies association 

A single interval of this facies association was identified in the Guadiana River and road sections and 

the Freixial Creek section. This interval extends laterally for approximately 1 km with an average 

thickness of 10 m. The facies of this association define a normally graded, lithic- and fiamme-rich unit 

(Fig. 5.21) that comprises from base to top: the lithic-rich coarse breccia facies, the lithic-rich fine 

breccia facies and the fiamme sandstone facies. The contacts among these facies are gradational. 

 

The graded breccia facies association contains abundant quartz- and feldspar-phyric, blocky clasts and 

fiamme. Both clast types have a distinct linear groundmass fabric visible on surfaces parallel to 

bedding. The groundmass is phyllosilicate- and quartz-rich and microcrystalline. The fiamme are 

highly elongate, aligned parallel to bedding, and interpreted to have been pumice clasts. The linear 

fabric in the blocky clasts may be fine flow lamination, or inherited from the walls of tube vesicles.  

 

Lithic-rich coarse breccia facies 

The lithic-rich coarse breccia facies extends for a minimum of 1 km and has an average thickness of 5 

m. This facies has an irregular basal contact with siliceous mudstone (crystal-rich sandstone and
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siliceous mudstone facies association) and contains abundant siliceous mudstone clasts. The lithic-rich 

breccia facies is clast- to matrix-supported (Fig. 5.22A) and has a diverse clast population (Table 5.2). 

 

Table 5.2: Clast types in the lithic-rich coarse breccia facies. 

 
 Components Size Abundance Shape Internal texture and 

mineralogy 

Dacite clasts <1cm to 
25 cm 30 modal % Irregular and 

blocky 
Quartz- and feldspar-

phyric 

Fiamme and 
irregular 

clasts 

<1 mm to 
20 cm 20 modal %

Elongate, wispy 
and parallel to 

bedding 
(fiamme). 

Blocky with 
linear fabric in 
the groundmass 
(irregular clasts)

Quartz- and feldspar-
phyric  

Rhyolite 
clasts 

<10 cm to 
50 cm 10 modal %

Irregular and 
blocky with 
planar and 
curviplanar 

margins 

Quartz-phyric or 
aphanitic; some are 

spherulitic 

Mudstone 
clasts 

0.5 cm to 
1 m 5 modal % 

Fluidal, 
irregular or 

smooth shapes 
with diffuse 

contacts 

Phyllosilicates and 
quartz. May contain 

abundant aligned and 
close packed oblique 

sections of 
dasycladales stems 
(Fig. 5.22B). The 

internal lamination 
may be disturbed and 

contorted 

Perlitic clasts up to 10 
cm 3 modal % 

Irregular and 
blocky with 
planar and 
curviplanar 

margins 

Aphanitic with 
abundant macro-
perlitic fractures. 
Groundmass of 

chlorite, quartz and 
feldspars 

Chert clasts up to 7 cm 2 modal % 
 Blocky 

Massive, with fine 
quartz and some 
phyllosilicates 

Sulfide clasts up to 2 cm 2 modal %, Irregular Fine grained pyrite (?)

lithic-
rich 

coarse 
breccia 
facies 

 

Quartz and 
feldspar 
crystal 

fragments 

<1 mm to 
2 mm 

up to 10 
modal % Irregular Quartz and feldspar 

 

The matrix of this facies amounts to about 20 modal % and consists of abundant phyllosilicates, quartz 

and feldspar crystal fragments, and variable proportions of fine (<2 mm) fiamme, mudstone, calcitic 

limestone, siliceous (felsic volcanic?) and sulfide clasts. 
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Figure 5.22: Some characteristics of the graded breccia facies association. A – The lithic-rich coarse 
breccia facies, showing blocky and angular, dense volcanic clasts (arrows). Guadiana River east bank. B -  
Photomicrograph (plane polarized light) of a clast in the lithic-rich coarse breccia facies with abundant 
dasycladales stem fragments (arrows). Sample SB-38, Guadiana road. C – Lithic-rich fine breccia facies, 
showing a dacite clast with planar and curviplanar margins (white arrow) and fiamme (black arrows). 
Guadiana River east bank. D - Lithic-rich fine breccia facies showing abundant fiamme (black arrows) 
and small dense igneous clasts (white arrow). Guadiana River east bank. E – Normally graded fiamme 
sandstone facies in outcrop. Guadiana River east bank. F - Sulfide clast (black arrow) in the fiamme 
sandstone facies. Guadiana River east bank. G – Photomicrograph (plane polarized light) of the fiamme 
sandstone facies, showing abundant irregular fiamme with a randomly oriented linear fabric (walls of tube 
vesicles?); the yellow arrows are parallel to the linear fabric. Crystal fragments are indicated by red arrows 
and a lithic clast by the blue arrow. The matrix consists of very fine oxides and phyllosilicates. Sample 
SB-47, west of Freixial Creek. H – General view of the fiamme-rich graded unit of the graded breccia 
facies association. The fiamme-rich graded unit has a coarse, clast-rich base and fine top. Guadiana River 
east bank. 
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Lithic-rich fine breccia facies  

This facies occurs in a single bed approximately 3 m thick and grades to the underlying lithic-rich 

coarse breccia facies to which is texturally and compositionally similar. However, the lithic-rich fine 

breccia facies is more matrix-rich and the clasts are finer and less abundant than in the lithic-rich 

coarse breccia facies. In addition, the fiamme and irregular clasts with linear groundmass fabric are 

more abundant and coarser than in the lithic-rich coarse breccia facies (Figs. 5.22C and D). 

 

Fiamme sandstone facies  

There is a single 2-m-thick interval of this facies associated with, and above the lithic-rich fine breccia 

facies. This facies comprises clast-supported sandstone beds, 10 to 50 cm thick. Beds have diffuse 

contacts, and are normally graded (Fig. 5.22E) or massive. The components of the fiamme sandstone 

facies are listed in Table 5.3. 

 

Table 5.3: Components in the fiamme sandstone facies. 

 
 Components Size Abundance Shape Internal texture 

and mineralogy 

Fiamme and 
irregular 

clasts 
up to 5 cm 50 modal %

Elongate, wispy 
and parallel to 

bedding (fiamme). 
Irregular with 

linear fabric in the 
groundmass 

(irregular clasts) 

Quartz- and 
feldspar-phyric  

Quartz and 
feldspar 
crystal 

fragments 

<1 mm to 
2 mm 

up to 30 
modal % Irregular Quartz and 

feldspar 

Dacite clasts 
<2 mm, 
but up to 

2 cm 
10 modal % Irregular and 

blocky 
Quartz- and 

feldspar-phyric 

Mudstone 
clasts 

<1 mm to 
2 mm 5 modal % Irregular with 

diffuse contacts 

Phyllosilicates and 
quartz. Contain 

aligned and close-
packed stem 
sections of 

dasycladales 

Fiamme 
sandstone 

facies 

Sulfide clasts <1 mm up to 5 
modal % Irregular Pyrite (?) (Fig. 

5.22F) 

 

On surfaces parallel to bedding, the linear fabric (tube vesicle walls?) in the quartz- and feldspar 

phyric irregular clasts is randomly oriented (Fig. 5.22G). The matrix of this facies consists dominantly 

of phyllosilicates and microcrystalline quartz, and minor fine quartz and feldspar crystal fragments, 

and fiamme. The fiamme sandstone facies grades to the overlying siliceous mudstone facies (crystal-

rich sandstone and siliceous mudstone facies association). 
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Interpretation of the graded breccia facies association  

The most abundant clasts in this association (fiamme and irregular clasts with a linear groundmass 

fabric) are probably juvenile pyroclasts, given their irregular and blocky shape (irregular clasts), 

porphyritic texture, high abundance and relatively fine grain size. The abundant quartz and feldspar 

crystal fragments probably also have a pyroclastic origin. The fiamme are typically aligned and 

elongate parallel to bedding, whereas the other components have diverse shapes, which suggest the 

fiamme were vesicular. The groundmass linear fabric in the irregular clasts may be fine flow foliation, 

or inherited from the walls of tube vesicles. 

 

The lower coarser facies (lithic-rich coarse breccia facies and lithic-rich fine breccia facies) of the 

normally graded lithic- and fiamme-rich unit (Fig. 5.22H) are typical of deposits from a high-density, 

water-supported gravity current. More dilute gravity currents probably deposited the fiamme 

sandstone facies. The great thickness of the lithic- and fiamme-rich unit, and lack of other interbedded 

facies imply rapid aggradation (e.g. McPhie et al., 1993). The coarse and massive nature of the lithic- 

and fiamme-rich graded unit suggests it is relatively proximal to source.  

 

The lithic- and fiamme-rich graded unit contains abundant pumice lapilli (now fiamme) that may have 

been sourced directly from a magmatic explosive eruption. The high abundance of pumice lapilli 

suggests a subaqueous location for the source vent, since hot pumice lapilli are more effectively 

waterlogged than cold pumice lapilli (Whitham and Sparks, 1986), and can be rapidly incorporated in 

gravity currents sourced directly from subaqueous vents (White et al., 2003; McPhie and Allen, 2003). 

The dense, angular, rhyolite, dacite and perlitic clasts may be accessory lithic pyroclasts sourced from 

the vent area, or accidental lithic clasts collected by the gravity current (e.g. McPhie et al., 1993).  

 

The mudstone clasts with disturbed internal laminae and diffuse margins, were probably 

unconsolidated and wet when incorporated in the gravity current. The sulfide clasts may have been 

collected from massive sulfides on the path of the gravity current. The presence of sulfide clasts 

suggest that the final depositional site was relatively deep, given that most seafloor massive sulfide 

deposits form in depths greater than several hundred metres (e.g. Herzig and Hannington, 1995). 

Dasycladales live in shallow marine environments, down to about 15 m (Castro, 1997), and were 

probably transported to deep parts of the basin were mud was accumulating. The dasycladales-bearing 

mudstone clast were collected from the unconsolidated substrate and incorporated by the water-

supported gravity current, in a similar way to some of the dense igneous clasts (Fig. 5.23). Because the 

dasycladales have been transported from their site(s) of original deposition, they do not provide 

constraints on the water depth at the final depositional site, although it must have been deeper than 15 

m. 
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Figure 5.23: Possible origins for the mixed provenance of components in the graded breccia facies 
association. (1) Mudstone clasts with dasycladales are transported by gravity currents, to deep parts of 
the basin. (2) Pyroclastic gravity current sourced from an intrabasinal vent incorporates volcanic and 
sulfide clasts and mud of the substrate that contains transported dasycladales. 
 

 

The lithic- and fiamme-rich graded unit is interpreted to be an eruption-fed pyroclastic gravity current 

deposit, emplaced in a subaqueous environment (e.g. White et al., 2003; McPhie and Allen, 2003). Its 

irregular lower contact suggests that an early phase of the gravity current was energetic and had the 

capacity to erode the underlying sedimentary units. 

 

5.2.8 Massive polymictic breccia facies  

This facies occurs in a single bed approximately 5 m thick and was identified only in the Guadiana 

River section, where it extends laterally for a minimum of 15 m (Fig. 5.24). The lower contact with the 

perlitic dacite breccia facies is sharp and planar, and interpreted to be a fault. The lower contact with 

the underlying siliceous mudstones facies (crystal-rich sandstone and siliceous mudstone facies) is 

irregular and interpreted to be erosive. The top contact with the monomictic dacite breccia is sharp and 

planar, interpreted to be a fault. 

 

The massive polymictic breccia facies comprises massive, poorly sorted, polymictic and matrix-

supported coarse breccia (Fig. 5.24A). The clasts are angular and scattered in a massive black 

mudstone matrix that accounts for >40 modal % and in places shows contorted and disrupted laminae. 

The components of the massive polymictic breccia facies are listed in Table 5.4. 
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Table 5.4: Components in the massive polymictic breccia facies. 

 
 Components Size Abundance Shape Internal texture and 

mineralogy 

Quartz- and 
feldspar-

phyric dacite 

5 cm to 20 
cm 25 modal %,

Planar and 
curviplanar 

margins 

Quartz- and feldspar-
phyric 

Perlitic dacite 
clasts 

1 cm to 15 
cm  15 modal %

Angular 
with planar 

and 
curviplanar 

margins 

Aphanitic with 
abundant macro-
perlitic fractures. 
Groundmass of 

chlorite, quartz and 
feldspar 

Fiamme up to 5 cm 15 modal % Elongate 
and wispy  

Quartz- and feldspar-
phyric  

Massive 
polymictic 

breccia 
facies 

Mudstone 
clasts 

up to 20 
cm 5 modal % 

Rounded or 
irregular, 
diffuse 
margins 

Phyllosilicates and 
quartz. Massive or 

with contorted 
lamination 

 

Some groups of clasts show jigsaw-fit texture (Fig. 5.24B). The clasts are chaotically distributed in the 

facies and coarse and fine clasts occur together throughout the facies interval. 

  

Interpretation of the massive polymictic breccia facies 

The abundant coarse dense clasts, the mud-rich matrix, and lack of grading suggest that the massive 

polymictic breccia facies was deposited from a high-concentration density current, such as a muddy 

debris-flow (e.g. Lowe, 1982).  

 

The massive polymictic breccia facies may have formed from a relatively small explosive eruption at 

the margin of a partly extrusive felsic cryptodome. The fiamme and the quartz- and feldspar-phyric 

dacite clasts could both be juvenile and sourced from the carapace of the cryptodome, the perlitic 

dacite clasts may be non-juvenile pyroclasts or accidental lithic clasts, and the mudstone clasts and 

mud matrix may have been remobilised from unconsolidated sedimentary units. The mud matrix is 

locally laminated suggesting that dilution of the mud matrix was not complete. The poorly sorted and 

massive nature of this facies implies that deposition occurred relatively close to source. Groups of 

perlitic dacite clasts that show jigsaw-fit texture indicate in situ disintegration of clasts with prepared 

fractures. Alternatively, the massive polymictic breccia facies may have formed by the passive 

collapse of a cryptodome margin, without involving explosive disintegration. 
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section A-B; complete log is in Appendix 3B.
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5.2.9 Crystal-rich sandstone and siliceous mudstone facies association 

Intervals of crystal-rich sandstone and siliceous mudstone facies association are up to 20 m thick and 

were identified throughout the Serra Branca area. These intervals comprise crystal-rich sandstone 

facies intercalated with siliceous mudstone facies and separated by gradational or sharp contacts. The 

contacts with facies of other associations are gradational or sharp, and some are oblique to the 

stratigraphy and are interpreted to be faults. 

 

Crystal-rich sandstone facies 

This facies extends for a minimum of 1 km, and was identified in the Guadiana River and road 

sections, the Freixial Creek and the Corte Gafo road (Fig. 5.25). 

 

The crystal-rich sandstone facies is well bedded or diffusely stratified. Beds are 2 to 30 cm thick, 

parallel, and internally normally graded (Fig. 5.25A) or massive. The crystal-rich sandstone is clast-

supported and moderately sorted. The crystal-rich sandstone consists of angular feldspar and quartz 

crystal fragments (<2 mm) and angular chlorite-altered quartz- and feldspar-phyric dacite clasts (~10 

modal %, <2 cm). These components are set in a phyllosilicate-rich matrix. In places, load casts occur 

at the contact with underlying beds of siliceous mudstone facies. Locally, quartz- and feldspar-phyric 

dacite clasts (up to 20 cm across) define breccia beds in the crystal-rich sandstone facies. These clasts 

have similar textures and shapes to the clasts in the monomictic dacite breccia facies. 

 

Siliceous mudstone facies 

This facies occurs interbedded with the crystal-rich sandstone facies, or independently, throughout the 

Serra Branca area, in intervals up to 15 m thick.  

 

The siliceous mudstone beds are parallel, vary from 0.5 cm to 20 cm in thickness and can be locally 

disrupted. The siliceous mudstone matrix consists of very fine quartz and phyllosilicates, that contain 

quartz and feldspar crystal fragments (<1/16 mm).  

 

In the Guadiana River section, some intervals (up to 1 m thick) of this facies association comprise 1 to 

5 cm thick crystal-rich sandstone and siliceous mudstone beds that show convoluted slump folds (Fig. 

5.25B). One of these intervals passes laterally into an unstructured and massive, or diffusely bedded 

interval up to 5 m thick. In this interval, dacite clasts up to 20 cm across and quartz and feldspar 

crystal fragments are chaotically set in a massive mudstone matrix, and locally define irregular and 

massive domains rich in coarse components. This interval also locally contains irregular fragments of 

mudstone beds (~2 cm thick, up to 2 m long) (Fig. 5.25C). 
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Figure 5.25: Part of stratigraphic logs A-B and C-D from the Guadiana River east and west banks, 
respectively. The logs show representative intervals of crystal-rich sandstone and siliceous mudstone 
of the crystal-rich sandstone and siliceous mudstone facies association. A - Normally graded bed of 
crystal-rich sandstone, intercalated with siliceous mudstone. B -  Slump folds (arrows) in a bedded 
interval of siliceous mudstone. C - Massive crystal-rich sandstone, laterally equivalent to the slump 
folds in B, containing some coarse dacite clasts (outlined) that are texturally similar to the monomictic 
dacite breccia facies, and fragments of thin mudstone beds (arrows). Map shows location of sections 
A-B and C-D; complete logs are in Appendix 3B.
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Interpretation of the crystal-rich sandstone and siliceous mudstone facies association 

The parallel and locally normally graded beds of the crystal-rich sandstone are consistent with 

deposition from turbidity currents (e.g. Lowe, 1982). The beds of siliceous mudstone could be deposits 

from the dilute tails of low-density turbidity currents, or from suspension sedimentation. The blocky 

dacite clasts were probably deposited from more energetic pulses of the current. The crystal-rich 

sandstone facies and siliceous mudstone facies may have been sourced from previously deposited, 

unconsolidated fine volcanic components. The blocky dacite clasts may have been sourced from the 

monomictic dacite breccia exposed nearby.  

 

The interval with slump folds suggests that conditions in the depositional basin were at least 

temporarily unstable, resulting in deformation of the unconsolidated crystal-rich sandstone and 

siliceous mudstone beds during gravity driven, down-slope mass transport. The massive or diffusely 

bedded interval that occurs laterally equivalent to the slump probably resulted from down-slope 

disintegration of a slump, and its conversion into a muddy debris flow (e.g. Shanmugam et al., 1994). 

The fragments of mudstone beds and “floating” clasts (dacite) in this massive or diffusely bedded 

interval could easily be carried in such a debris flow.  

 

5.2.10 Mudstone and jasper facies association 

This facies association comprises the mudstone facies and the jasper facies. 

 

Mudstone facies 

This facies is similar to other mudstone facies found at Albernoa and Neves Corvo (mudstone facies). 

The mudstone facies extends throughout the Serra Branca area and is exposed in all the principal 

sections. It is better exposed in the northern part of the area, where it occurs between the volcanic 

facies and the Freixial Formation (Fig. 5.26). In the southern part of the area, it occurs only at Serra 

Branca hill. This facies has a minimum thickness of 30 m, is intercalated with the jasper facies and 

typically grades into the overlying Freixial Formation. 

 

Intervals of the mudstone facies are massive or show planar 1- to 20-cm-thick beds. The mudstone is 

purple, black, green and brown, and contacts between different coloured intervals are sharp. The 

purple mudstone is dominant over the other colour varieties of mudstone. 

 

Jasper facies 

This facies was identified only in Freixial Creek, where it extends discontinuously for approximately 

100 m, but the largest outcrop is 2 m long by 1 m thick. The jasper is massive and cross-cut by 

abundant milky quartz veins and has sharp contacts with the enclosing purple mudstone of the 

mudstone facies. 
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Interpretation of the mudstone and jasper facies association  

The mudstone was probably deposited by settling of fine particles from suspension. Great thickness of 

mudstone accumulated preferentially after the volcanic activity had ceased in the Serra Branca area. 

 

The composition of the Serra Branca jasper was not determined, but it may have formed as a 

hydrothermal silica-iron oxyhydroxide gel, as established for the jasper facies at Albernoa (section 

4.2.6). 

 

5.3 Composition of the volcanic facies at Serra Branca 
As for the Albernoa area (section 4.3), the Serra Branca volcanic rocks were analysed as part of a 

regional geochemical study conducted by D. Rosa et al. (in press). The same samples were used for 

volcanic facies analysis and geochemical analysis. However, samples of the perlitic dacite breccia 

facies were not analysed for whole-rock geochemistry.  

 

D. Rosa et al. (in press) identified several compositionally different volcanic units at Serra Branca. 

The range can be divided into an andesitic suite and two calc-alkaline felsic suites. One felsic igneous 

suite includes the dacite facies association and the banded feldspar-phyric dacite facies association. 

This suite has Zr/TiO2 values in the range 700-400 and Al2O3/TiO2 values from 40 to 60. The other 

felsic suite comprises the banded quartz-phyric rhyolite facies association and the fiamme-rich facies 

association. This suite is more evolved and has Zr/TiO2 values at ~1000 and Al2O3/TiO2 values at 

~120. All The felsic samples have negative Eu anomalies in chondrite-normalized REE spider 

diagrams (D. Rosa et al., in press). These two suites have unclear genetic relationships, but are most 

likely derived from the same parental magma by fractionation (D. Rosa et al., in press). The felsic 

magma originated from melting of continental crust. 

 

The andesitic suite comprises samples from the coherent andesite facies, which is far subordinate in 

volume compared with the felsic volcanic rocks. The andesites are calc-alkaline and were probably 

derived from tholeiitic basalt magmas that assimilated crust (D. Rosa et al., in press).  

 

5.4 Stratigraphy and correlations of the VS Complex at Serra Branca 
Four dacitic lavas were identified in the Guadiana River and three in the Serra Branca hill areas (Fig. 

5.27). The lowest lava of the dacite facies association occurs above black mudstone of the PQ Group. 

Along the Guadiana River, the lowest dacitic lava is associated with resedimented dacitic hyaloclastite 

(stratified monomictic dacite breccia, diffusely stratified crystal-rich sandstone facies and the stratified 

siltstone facies). This sequence is overlain by an interval of the crystal-rich sandstone and siliceous 

mudstone facies association. The succession along the Guadiana River east bank shows that the 

uppermost dacitic lava of the dacite facies association is on average 150 m to 220 m thick and occurs 



Chapter 5 - The VS Complex at Serra Branca   5-54 
 

approximately 150 m stratigraphically above the lowest dacitic lava. The two other dacitic lavas, the 

graded fiamme breccia facies association, the perlitic dacite breccia, and the massive polymictic 

breccia all occur between the lower and upper dacitic lavas. All these facies are interleaved with 

relatively thin intervals of siliceous mudstone facies. At Serra Branca hill, the three dacite lavas are 

interbedded with two intervals of fiamme breccia facies (Fig. 5.27). 

 

The thickest interval of fiamme-rich facies association occurs above the uppermost dacitic lava in the 

Guadiana River area and grades through the fiamme-rich purple sandstone facies to the overlying 

mudstone facies (Fig. 5.27). This interval of fiamme-rich facies association comprises thick fiamme 

breccia interbedded with the polymictic lithic-fiamme breccia facies and the crystal- and fiamme-rich 

mudstone facies. Most of the banded feldspar-phyric dacite units and the banded quartz-phyric rhyolite 

units are interbedded with the fiamme-rich facies association. These facies are strongly 

hydrothermally altered in proximity to the Serra Branca stockwork. The coherent andesite facies 

occurs in the western part of the area, intercalated with the monomictic dacite breccia facies and the 

siliceous mudstone facies (Fig. 5.27). 
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5.5 Biostratigraphic age of the VS Complex at Serra Branca 
Twenty black mudstone samples were collected from one drill-hole and along the Guadiana road, and 

investigated for the presence of palynomorphs (Oliveira et al., 2005). The samples came from the 

Freixial Formation, black mudstone units at several stratigraphic levels within the VS Complex, and 

the PQ Group (Oliveira et al., 2005). Miospore assemblages that could be correlated with the standard 

western Europe miospore zones were obtained only for samples from the Freixial Formation and the 

PQ Group. 

 

The Freixial Formation contains miospores assigned to the NM biozone (Oliveira et al., 2005) in the 

middle-late Visean. A similar age was obtained for the same formation in the Albernoa area. The PQ 

Group samples came from black mudstone immediately below the lowest volcanic unit (dacite facies 

association), and contain miospores of the VCo biozone, in the late Famennian (Oliveira et al., 2005). 

A similar age was obtained for the PQ Group in the Albernoa and Neves Corvo areas. Hence, the age 

of the VS Complex of Serra Branca is constrained to the time interval between the late Famennian and 

the middle-late Visean (Table 5.5). No other biostratigraphic ages were obtained for mudstones at 

Serra Branca. 

  

Table 5.5: Simplified lithostratigraphic chart for Serra Branca, based on data from Oliveira et al. 
(2005). Spore biozone zonation after Clayton et al. (1977), Streel et al. (1987), Higgs et al. (1988), 
Clayton (1996), Higgs et al. (2000), and Maziane et al. (2002). 
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5.6 Environment of deposition and water depth at Serra Branca 
The VS Complex at Serra Branca is interleaved between thick mudstone intervals of the PQ Group 

(base) and the turbidite-mudstone succession of the Freixial Formation (top). The lithofacies of the PQ 

Group and Freixial Formation are consistent with deposition in a submarine, below-wave-base 

environment.  

 

The depositional environment for the VS Complex at Serra Branca is also interpreted to be submarine, 

indicated by the presence of remobilised fragments of marine algae (e.g. dasycladales; lithic-rich 

coarse breccia facies, lithic-rich fine breccia facies and fiamme sandstone facies; Fig. 5.21). The 

nature and depositional structures of some of the volcanic and sedimentary facies, and absence of 

structures formed by traction currents, also indicate the VS Complex accumulated in a subaqueous, 

below-wave-base environment. The fiamme-rich graded unit (graded breccia facies association) has an 

irregular sharp base, and distinct normal grading, typical of deposition from high-density water-

supported gravity currents (e.g. Lowe, 1982). Beds in the crystal-rich sandstone and siliceous 

mudstone facies association show internal variations characteristic of deposition from turbidity 

currents. Thick, massive to laminated mudstone units (e.g. mudstone facies; Fig. 5.26) are consistent 

with hemipelagic sedimentation in a below-wave-base setting. The large volume of hyaloclastite also 

suggests emplacement in a subaqueous setting (e.g. Pichler, 1965).  

 

All available evidence from units within the VS Complex, as well as from the units below (PQ Group; 

thick interval of massive mudstone) and above (Freixial Formation; turbidite sandstone-mudstone 

succession), are consistent with deposition in submarine below-wave-base setting. In modern oceans, 

this depth varies from 10 to 200 m (Johnson and Baldwin, 1996). The great volume of purple 

mudstone in the upper part of the VS Complex may indicate that the depositional environment was 

dominantly oxidising (e.g. Einsele, 2000). 

 

5.7 Facies architecture and types of volcanoes in the Serra Branca volcanic 

succession 
At Serra Branca, felsic lavas (dacite facies association and perlitic dacite breccia facies) alternate with 

facies sourced from felsic explosive eruptions (fiamme-rich facies association, graded breccia facies 

association and massive polymictic breccia facies). The VS Complex also includes several felsic and 

minor intermediate syn-volcanic intrusions (banded quartz-phyric rhyolite facies association, banded 

feldspar-phyric dacite facies association, and coherent andesite facies (?)) and non-volcanic or mixed 

provenance sedimentary facies (mudstone and jasper facies association and crystal-rich sandstone and 

siliceous mudstone facies association). In the late Famennian, prior to the first volcanic event, black 

mud and quartz sand (PQ Group) were being deposited in the Serra Branca area. 
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5.7.1 Lavas  

Felsic lavas are the most abundant volcanic units in the Serra Branca succession, occurring at several 

stratigraphic levels.  

 

Dacite lavas 

The dacite facies association is the most voluminous facies association in the Serra Branca area, and 

interpreted to record the presence of at least four laterally extensive lavas (up to 220 m thick and up to 

5 km long). These dacitic lavas are approximately 70% of the total volcanic facies at Serra Branca, of 

which approximately 60% is monomictic dacite breccia (dominantly hyaloclastite) and 40% is 

coherent dacite.  

 

The relatively constant thickness of these units throughout the area suggests they are lavas rather than 

domes. Their great thickness at Serra Branca hill may result from accumulation of viscous lava above 

or close to the vent (e.g. De Rosen-Spence et al., 1980; Yamagishi and Dimroth, 1985; McPhie et al., 

1993, Allen et al., 1997; Scutter et al., 1998; Doyle and McPhie, 2000). The contact relationships with 

the overlying facies consistently indicate extrusive emplacement. In particular, the sediment-matrix 

dacite breccia at the top contact has characteristics that indicate infiltration of sediment into a clastic 

carapace (section 5.2.1, Fig. 5.9). In addition, there is a gradation from thick in situ dacite hyaloclastite 

(monomictic dacite breccia facies) to resedimented dacite breccia (stratified monomictic dacite breccia 

facies). Dacite clasts are abundant in other overlying bedded volcaniclastic facies. 

 

Three of the lavas are relatively thin (approximately 30 m thick on average), and consist 

predominantly of in situ and clast-rotated hyaloclastite (monomictic dacite breccia facies). The fourth 

lava is up to 220 m thick, and has a relatively thick (up to 30 m) quenched margin that surrounds a 

more crystalline interior. These lavas have flow-banded zones in which flow bands are parallel to the 

unit margins.  

 

Peperite (non-stratified sediment-matrix dacitic breccia facies) occurs at the basal contact of the dacite 

facies association with black mudstone (PQ Group) or with siliceous mudstone (crystal-rich sandstone 

and siliceous mudstone facies association). The presence of peperite indicates that the lavas were 

emplaced over unconsolidated and probably wet sediment. 

 

Syn-eruptive resedimentation of hyaloclastite produced two crudely bedded clastic units that consist of 

stratified monomictic dacite breccia facies, diffusely stratified crystal-rich sandstone facies and 

stratified siltstone facies (dacite facies association). Remobilisation of the clasts may have been 

triggered by earthquakes, or by continued magma movements affecting parts of the hyaloclastite 

carapace of the lavas during extrusion. 



Chapter 5 - The VS Complex at Serra Branca   5-59 
 

 

Perlitic dacite lava 

The single perlitic dacite breccia unit identified at Serra Branca is only 5 m thick and occurs below the 

thickest dacite lava. The perlitic dacitic breccia was produced by intense quench fragmentation of 

dacite lava, converting it to in situ and clast-rotated hyaloclastite. The extrusive nature of the perlitic 

dacite breccia facies is indicated by the presence of abundant perlitic dacite fragments in some 

overlying bedded volcaniclastic units.  

 

5.7.2 Syn-volcanic intrusions 

The banded feldspar-phyric dacite facies association, the banded quartz-phyric rhyolite facies 

association and the coherent andesite facies are interpreted to be syn-volcanic intrusions. Units of the 

banded feldspar-phyric dacite facies association and the banded quartz-phyric rhyolite facies 

association are lenticular or tabular, and have microcrystalline coherent cores. The banded quartz-

phyric rhyolite units could be small cryptodomes. The banded feldspar-phyric dacite unit in the 

Guadiana River and road sections was probably partly extrusive, breaching the sedimentary cover to 

produce an apron of resedimented autoclastic debris (massive feldspar-phyric dacite breccia facies). 

 

Banded quartz-phyric rhyolite 

Six units (up to 150 m thick by 300 m long) of banded quartz-phyric rhyolite facies were identified at 

Serra Branca. The upper contacts are defined by peperite, or discordant with the bedding of the 

enclosing fiamme-rich facies association, and the units are interpreted to be cryptodomes and partly 

extrusive cryptodomes. These intrusions are flow banded, and the flow banding is typically parallel to 

the unit margins. The feeder of one cryptodome was identified at Serra Branca hill (Fig. 5.12). It 

consists of an irregular apophysis extending from the cryptodome, and is characterised by abundant 

spherulites and columnar joints. Some intrusions may have reached the sea floor, since rhyolite 

fragments occur in the overlying polymictic lithic-fiamme breccia facies (fiamme-rich facies 

association). 

 

Banded feldspar-phyric dacite 

Four lenticular units of banded feldspar-phyric dacite are considered to be cryptodomes and partly 

extrusive cryptodomes. These units are up to 100 m thick and approximately 1 km across. Two other 

laterally extensive units of this facies, up to 200 m thick and up to 2 km across, have uncertain origin 

since their top contacts are unclear and only locally exposed. They may also be cryptodomes and 

partly extrusive cryptodomes, or else lavas. One example of a partly extrusive cryptodome occurs in 

the Guadiana River and road area, where there are gradational contacts between jigsaw-fit banded 

feldspar-phyric dacite breccia facies and massive feldspar-phyric dacite breccia (Fig. 5.11). Syn-

eruptive resedimentation of feldspar-phyric dacite fragments probably formed the massive feldspar-
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phyric dacite breccia facies. Abundant fragments of banded feldspar-phyric dacite occur in adjacent 

clastic facies (polymictic lithic-fiamme breccia facies) throughout the Serra Branca area, suggesting 

that other banded feldspar-phyric dacite units may have also been partly extrusive. 

 

Coherent andesite 

The two tabular and relatively thin (up to 60 m) coherent andesite units at Serra Branca have 

indeterminate upper contact relationships with the overlying crystal-rich sandstone and siliceous 

mudstone facies association. Nevertheless, these units may be syn-volcanic sills as no andesite-clast-

bearing clastic facies have been identified. The coherent andesite units occur intercalated with the 

dacite lavas at the Corte Gafo road zone, and diminish in thickness towards ESE, which suggests they 

were sourced from WNW. 

 

5.7.3 Pyroclastic facies 

The fiamme-rich facies association, the graded breccia facies association and the massive polymictic 

breccia facies were generated by felsic explosive eruptions. The high abundance of lapilli-size pumice 

clasts (now fiamme) and paucity of clasts derived from shallow or subaerial settings, suggest the 

pyroclastic facies are syn-eruptive and sourced from submarine vents (e.g. McPhie and Allen, 2003; 

Kano et al., 1996). The pyroclastic units are intercalated with, or occur above the dacitic lavas. 

 

Fiamme-rich facies association 

The fiamme breccia facies has great thickness (up to 150 m), widespread distribution (>8 km along 

strike) and lacks other interbedded facies. These characteristics suggest a syn-eruptive origin and rapid 

aggradation (McPhie et al., 1993), probably relatively close to source. Proximal facies from single 

voluminous explosive eruptions are typically massive to weakly graded and thick (e.g. Fiske and 

Matsuda, 1964; Fiske, 1969; Mueller and White, 1992; Doucet et al., 1994; White et al., 2003). The 

fiamme breccia facies consists of several successive, very thick units that may have been sourced from 

one or several explosive eruptions. Unsteadiness of the eruption-fed water-supported pyroclastic 

gravity current may have resulted in the bedded nature of this facies.  

 

Graded breccia facies association 

The graded breccia facies association consists of a lithic- and fiamme-rich unit that has an internal 

organisation consistent with a subaqueous, eruption-fed, water-supported pyroclastic density-current 

deposit (e.g. White et al., 2003; McPhie and Allen, 2003) probably generated by a single explosive 

eruption (e.g. Fiske and Matsuda, 1964; Fiske, 1969; Mueller and White, 1992; Doucet et al., 1994; 

White et al., 2003). 
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This facies association contains fiamme and irregular clasts with a linear groundmass fabric, thought 

to have been tube-vesicle texture in pumiceous pyroclasts. In addition, this facies contains abundant 

dense, felsic, blocky clasts that are accessory or accidental clasts. Therefore, the lithic- and fiamme-

rich graded unit may have been sourced from a felsic explosive eruption that destroyed and 

remobilised part of a dome/lava (e.g. Allen et al., 1997). The mudstone clasts with dasycladales were 

probably remobilised to deeper parts of the basin, and later incorporated by the water-supported 

pyroclastic density-current.  

 

Massive polymictic breccia facies 

The massive polymictic breccia facies consists of one massive unit that contains abundant fiamme, 

thought to have been pumiceous pyroclasts, and dense volcanic lithic clasts, in a sedimentary mud 

matrix. This unit is intercalated with the dacite lavas and may have been derived from a felsic 

explosive eruption that destroyed part of a quenched, partly extrusive cryptodome (e.g. Allen et al., 

1997). The juvenile clasts have remobilised and mixed with clasts of dacite lava, perlitic dacite lava 

and unconsolidated mud. 

 

5.7.4 Volcanogenic sedimentation 

Volcanogenic sedimentation is recorded by the fiamme-rich purple sandstone facies (fiamme-rich 

facies association), and crystal-rich sandstone facies and the siliceous mudstone facies (crystal-rich 

sandstone and siliceous mudstone facies association). 

 

The fiamme-rich purple sandstone facies marks the transition of the fiamme-rich facies association to 

the mudstone facies. This facies probably formed by remobilisation of pumice (now fiamme), dense 

felsic volcanic clasts and crystal fragments by means of low-density turbidity currents. 

 

The crystal-rich sandstone facies and the siliceous mudstone facies occur above the lowest dacite lava, 

and thin intervals of siliceous mudstone facies are intercalated throughout the VS Complex. Beds of 

these facies were deposited from turbidity currents, and their presence at different stratigraphic levels 

suggests that eruptions were separated by some relatively long periods of volcanic inactivity. 

 

5.7.5 Non-volcanic sedimentation 

The non-volcanic sedimentary units (mudstone facies) accumulated throughout the basin from water 

settling of fine suspended sediment or from dilute gravity currents. This style of sedimentation 

probably accompanied emplacement of all the volcanic units but at a much slower rate of aggradation, 

and did not form thick units until after volcanic activity ceased. The jasper may have formed from a 

silica gel with dominantly hydrothermal origin. 
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5.7.6 Mineralisation 

The stringers and thin veins at Serra Branca hill were probably the stockwork feeder to a massive 

sulfide deposit. Nevertheless, no such deposit has been found. Other evidence for the presence of 

sulfide deposits having existed at Serra Branca is provided by abundant, irregular and fine (<2 cm) 

sulfide clasts in the fiamme-rich graded unit (graded breccia facies association). This unit is 

interpreted to be a relatively small-volume pyroclastic deposit sourced from a submarine explosive 

eruption at a vent with uncertain location. The sulfide clasts have intrabasinal origin from an unknown 

location. Their presence indicate that sulfide deposits were present in the area and probably exposed 

on the sea floor. 

 

5.7.7 Type of volcanoes 

At Serra Branca the two most voluminous volcanic facies associations are dacite lavas (dacite facies 

association) and pyroclastic units (fiamme-rich facies association) that have similar phenocryst content 

and composition. The magmas that produced the pyroclastic units were probably derived by 

fractionation from the same magma that sourced the lavas (D. Rosa et al., in press). At Serra Branca 

hill, the two facies association are intercalated, whereas elsewhere, they show close spatial 

relationships, suggesting that they may be genetically related. Most volcanic facies have intrabasinal 

source. Extrabasinal or basin marginal components are very limited, and restricted to the dasycladales 

fragments in the lithic- and fiamme-rich unit (graded breccia facies association). However, the lithic- 

and fiamme-rich unit was most likely sourced from an intrabasinal vent. 

 

Associations of felsic lavas, domes or cryptodomes, and co-genetic pyroclastic units are relatively 

common in ancient submarine volcanic successions (e.g. Horikoshi, 1969; Kokelaar et al., 1985; Cas 

et al., 1990; Allen et al., 1997; Stewart and McPhie, in press), but there are few modern examples (e.g. 

Tuluman eruption, Reynolds et al., 1980). At Serra Branca, the VS Complex may have been generated 

by a multiple-vent lava-cryptodome-pumice cone volcano, similar to the “cryptodome tuff volcanoes” 

of Allen et al. (1997) in the Skellefte district, Sweden. However, at Serra Branca, the effusive units are 

dominated by lavas/domes instead of partly-extrusive cryptodomes, sills and dykes. The morphology 

of the pumice cone is difficult to define, but the distribution of the pumice (now fiamme)-rich facies, 

suggest that it may have been a low aspect ratio cone with fans of pumice.  

 

The lava-cryptodome-pumice cone volcano of Serra Branca is >5 km long and up to 400 to 500 m in 

maximum thickness (Serra Branca hill). The early emplacement of degassed magma, as multiple 

relatively extensive lavas or domes, was followed by explosive eruptions of vesiculating gas-rich 

magmas that sourced the pumice-rich (now fiamme) pyroclastic units. The pumice-rich units were 

deposited from eruption-fed gravity currents. The high abundance of dense felsic lava clasts in these 

units suggests remobilisation of loose hyaloclastite and possibly partial destruction of the lavas/domes 
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during the explosive phases. This succession was subsequently intruded by syn-volcanic cryptodomes 

that locally reached the sea floor. Post-eruptive volcanogenic sandstone and mudstone intercalated 

with the volcanic facies indicate that a relatively deep submarine setting prevailed, and that 

resedimentation by relatively weak currents operated during repose periods. 

 

5.8 Evolution of the VS Complex at Serra Branca 
The first volcanic event recorded by the VS Complex at Serra Branca was effusive and dacitic, 

producing relatively thick lavas above the black mudstone of the PQ Group (Fig. 5.28A). The lavas 

were affected by intense quench fragmentation and formed hyaloclastite that was locally dislodged 

and resedimented. Suspension settled mud covered part of the lavas (Fig. 5.28A).   

 

The effusive events were followed by relatively small felsic explosive eruptions that formed pumice-

rich (now fiamme) units (graded breccia facies association and massive polymictic breccia facies) 

(Fig. 5.28B). The subaqueous, eruption-fed, pyroclastic gravity currents also remobilised fragments 

from the dacitic lavas. Elsewhere in the basin, further effusive eruptions from intrabasinal vents 

produced more dacitic lavas (Fig. 5.28B). 

 

More vigorous explosive eruptions, from intrabasinal vents of uncertain location, produced thick 

pumice-rich (now fiamme) units (fiamme-rich facies association) throughout the Serra Branca area. 

These pyroclastic units are interbedded with the dacitic lavas (Fig. 5.28C) but typically occur above 

them. Relatively thin andesitic units (coherent andesite facies) were probably intruded as sills. 

Fracture-controlled hydrothermal alteration and deposition of sulfides affected parts of the dacitic 

lavas and the pyroclastic units. The hydrothermal alteration has uncertain age relationships with the 

volcanic facies and may have been later in the evolution of the succession. 

 

Syn-volcanic cryptodomes and partly-extrusive cryptodomes (banded feldspar-phyric dacite and 

banded quartz-phyric rhyolite facies associations) mainly intruded the fiamme-rich facies association 

(Fig. 5.28D). Some partly extrusive units formed aprons of resedimented hyaloclastite. The relatively 

high stratigraphic position of the syn-volcanic intrusions having only a thin interval of the fiamme-rich 

facies association or the mudstone facies above them, suggests that they were intruded in the final 

stages of the volcanic activity at Serra Branca, or afterwards. Mud of non-volcanic derivation covered 

and buried the volcanic facies after the volcanic activity ceased (Fig. 5.28E). 
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Figure 5.28A: Schematic diagram representing the emplacement of the dacitic lavas (dacite facies 
association) over mudstone of the PQ Group. The dacitic lavas were quench fragmented and had 
marginal aprons of resedimented hyaloclastite (stratified monomictic dacite breccia, diffusely stratified 
crystal-rich sandstone and stratified siltstone; dacite facies association). Siliceous mudstone 
accumulated over the dacite lavas. 
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(dacite facies association)

Siliceous mudstone
Stratified monomictic dacite breccia, 
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Figure 5.28B: Emplacement of pyroclastic units from relativelly small explosive eruptions (graded 
breccia facies association). Dacitic lavas (dacite facies association and perlitic dacite breccia facies) 
were formed elsewhere in the basin. Siliceous mudstone was deposited over these units. The lavas 
were intensely quench fragmented.

Perlitic dacite breccia
Graded breccia facies association
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Figure 5.28C: Explosive eruption(s) from undetermined, but probably local submarine vents sourced 
the fiamme-rich facies association. Andesitic units, probably sills (coherent andesite facies) and dacitic 
lavas (dacite facies association) were emplaced elsewhere and quench fragmented. Hydrothermal 
activity formed a stockwork and altered a relatively small area of the succession. 
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Figure 5.28E: Non-volcanic mudstone of the mudstone facies covered the volcanic succession.

Banded quartz-
phyric rhyolite

Figure 5.28D: Emplacement of the banded quartz-phyric rhyolite and banded feldspar-phyric dacite 
units as cryptodomes and partly-extrusive cryptodomes. Some cryptodomes have aprons of 
resedimented hyaloclastite (massive feldspar-phyric dacite breccia).

Mudstone facies

Banded feldspar-phyric dacite
Massive feldspar-phyric dacite breccia
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5.9 Summary 
The volcanic activity at Serra Branca took place between the late Famennian and the middle-late 

Visean. Thick volcaniclastic gravity current deposits and mudstone intervals containing marine fossils 

indicate the depositional environment was submarine, and below wave base. 

 

The volcanic succession at Serra Branca is dominated by intrabasinal dacitic lavas, comprising thick 

hyaloclastite envelopes around thin coherent cores. The dacitic lavas occur at the base of the VS 

Complex, overlying black mudstone of the PQ Group, and also higher in the stratigraphy.  

 

The fiamme-rich facies association was produced by explosive felsic eruptions probably at submarine 

intrabasinal source vents. This association extends throughout the area, and was deposited from syn-

eruptive, water-supported, pumiceous gravity currents. The graded breccia facies association formed 

from a relatively small explosive eruption and contains abundant fine sulfide clasts, which suggests 

that massive sulfides were present elsewhere on the sea floor, or at the vent.  

 

Banded quartz-phyric (rhyolite) or feldspar-phyric (dacite) cryptodomes and partly extrusive 

cryptodomes are also present. The partly extrusive units are characterised by small-volume aprons of 

resedimented autoclastic debris. The units of coherent andesite facies are probably sills. 

 

Thin intervals of crystal-rich sandstone and siliceous mudstone facies are interbedded with the 

volcanic facies. Thick intervals of non-volcanic mudstone overlie the volcanic facies. 

 




