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AbstrAct: Structural and microstructural studies have been 
carried out to assess the structural evolution of Au, Ag and Pb 
lode occurrences that spread among Serrita and Parnamirim mu-
nicipalities, Pernambuco, Brazil. These occurrences are hosted in 
metassediments, correlated to the Salgueiro Group, and grano-
diorites from Serrita Suite, in the Piancó-Alto Brígida Domain, 
southwestern Zona Transversal, Borborema Province. The me-
tassediments underwent four deformation phases that switched 
from compressional to strike-slip tectonics. The first two phases 
developed a low-angle fabric and the third and fourth ones pro-
duced folds with NE-SW/ENE-WSW plane-axial crenulation 
cleavages and regional shear zones, respectively. In the metasse-
diments, the veins grew by E-W and N-S/NNW-SSE branched 
fractures, associated with rapid propagation and dilatation. These 
veins underwent new mineral crystallization phases concomitant 
with deformation and mineralization, which mark the transition 
from the ruptile-ductile to the ruptile regime. The granodiorite 
hosted-veins show incipient deformation, as do theirs hosts. We 
conclude that the veins, in both host-rocks, formed by the same 
stress field attributed to the end of fourth phase, under a NW-SE 
maximum compressive tensor. The differences between the veins 
resulted from a fracture refraction in function of rheological con-
trasts in the host-rocks. This refraction induced the development 
of E-W/ESE-WNW and N-S/NNW-SSE shear fractures in the 
less competent lithology, the metassediments, and NW-SE tensile 
fractures in the more competent one, the granodiorite.  
Keywords: quartz veins; structural geology; Zona Transversal. 

resumo: Um levantamento estrutural e microestrutural foi realizado 
para analisar a evolução das ocorrências filoneanas de Au, Ag e Pb, lo-
calizadas entre as cidades de Serrita e Parnamirim, PE. Essas ocorrências 
ocorrem encaixadas em metassedimentos, correlacionados ao Grupo Salgue-
iro, e em granodioritos associados à Suíte Serrita, no Domínio Piancó-Alto 
Brígida, sudoeste da Zona Transversal, Província Borborema. Foram iden-
tificadas quatro fases de deformação nos metassedimentos, que registram a 
mudança de uma tectônica compressiva para direcional. As duas primeiras 
geraram uma trama de baixo ângulo, enquanto a terceira e a quarta fases 
formaram dobras, com clivagem de crenulação NE-SW/ESE-WSW, e zo-
nas de cisalhamento regionais, respectivamente. Nos metassedimentos, os 
veios formaram-se a partir de fraturas anastomosadas de direção E-W e 
N-S/NNW-SSE, cuja propagação e dilatação ocorreram em curtos inter-
valos de tempo. Após sua cristalização, os veios foram submetidos a novas 
etapas de cristalização mineral concomitante a processos de deformação e 
mineralização, os quais marcam a transição do regime rúptil-dúctil para 
o rúptil. Os veios nos granitoides exibem deformação incipiente e similar à 
rocha encaixante. Concluiu-se que, nas duas encaixantes, os veios se forma-
ram sob o mesmo campo de tensão, durante o final da quarta fase, sob um 
tensor de compressão máxima de direção NW-SE. As diferenças resultariam 
de um processo de refração de fraturas em função do contraste reológico das 
encaixantes. Essa refração induziu a formação de fraturas de cisalhamento 
direcionais com direções E-W/ESE-WNW e N-S/NNW-SSE na litologia 
menos competente, o metassedimento, e fraturas de tração de direção NW-
SE na litologia mais competente, o granodiorito.  
Palavras-chave: veios de quartzo; geologia estrutural; Zona 
Transversal.
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INtroductIoN

A series of lode occurrences have been described in the 
Serrita and Parnamirim municipalities, Pernambuco State, 
northeastern Brazil. The first records were reported by the 
Brazilian Geological Survey (CPRM) on Serrita region in 
the early 80’s (Torres & Santos 1983, Torres et al. 1986). 
The authors identified schist-hosted veins with variable 
Au, Ag and Pb contents. Other studies also described gra-
nitic-hosted mineralized veins near Serrita (Mont’Alverne 
et al. 1995, Beurlen et al. 1997) and schist related occur-
rences on the north of Parnamirim. 

A majority of the studies on the area are products of 
mineral research or digging registration (Torres & Santos 
1983, Torres et al. 1986, Dantas & Viera Filho 1990, 
Mont’Alverne et al. 1995), and only one addresses the ore 
genesis (Beurlen et al. 1997). 

These studies emphasize the textural and petrologi-
cal features of the veins and though they present detailed 
morphological and orientation data, the structural evo-
lution of the veins and theirs hosts are not well unders-
tood. The Parnamirim occurrences remain  not studied 
until now.        

The objective of this study was to provide a structural 
model depicting the evolution of the ore-veins, based on 
detailed macro- and microstructural data collected in dig-
gings and adjacent areas, as well as integrating trench data 
presented by the Serrita Project (Torres & Santos 1983, 
Torres et al. 1986).

reGIoNAL GeoLoGIcAL settING

The Borborema Province is a geotectonic unit, con-
solidated during the Brasiliano/Pan-African Cycle 
(0,6 – 0,5 Ga). This unit is a compound of Paleoproterozoic 
basement inliers, including minor Arquean rocks, separa-
ted by Meso- and Neoproterozoic supracrustal belts. The 
entire province underwent intense magmatism during its 
evolution (Brito Neves 1975, Almeida et al. 1977, Santos 
& Medeiros 1999).   

The studied area is located in the southwestern Zona 
Transversal Domain, central part of the Borborema 
Province (Fig. 1). This domain is made up of NE-SW-
striking crustal segments that show distinct petrotectonic 
associations, metamorphism, plutonism and geochronolo-
gical signatures (Brito Neves 1975, Brito Neves et al. 1995, 
Santos & Medeiros 1999, Neves 2003). 

The Zona Transversal Domain is characterized by the 
development of flat-lying foliation, which is penetrative 
in basement and supracrustal units. According Neves et al. 
(2006), this structure formed contemporaneously with 
the metamorphic peak of Zona Transversal, during Early 
Ediacaran (630 – 610 Ma). This metamorphic fabric was 
partially overprinted by a network of E-W/ESE-WNW-
striking dextral and NE-SW/NNE-SSW-striking sinistral 
transcurrent shear zones (Vauchez et al. 1995, Medeiros 
2004, Archanjo et al., 2008). These shear zones were acti-
vated during the Ediacaran (590 –  580 Ma), constrained 
by U/Pb and Pb-Pb ages of shear zones-related plutons 
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Figure 1. Geotectonic sketch of Borborema Province and Zona Transversal Subdomain highlighting the localization 
of the studied area. Modified from Medeiros (2004).
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(Guimarães & Silva Filho 1998, Neves 2003), and re-
corded activity until 512 Ma, according to (40Ar/39Ar) 
plateau-ages of muscovite from the Coxixola shear zone 
(Hollanda et al. 2010).

The Salgueiro-Cachoeirinha belt, also called Piancó-
Alto Brígida Subdomain, is comprised of Paleoproterozoic 
mygmatitic-gneiss basement rocks, Meso- and 
Neoproterozoic low- to medium-grade metamorphic su-
pracrustal rocks, and plutonic bodies with Brasiliano ages 
(Silva Filho 1984, Brito Neves et al. 1995, Caby et al. 
2009) (Figs. 1 and 2). 

The supracrustal rocks were originally split into 
the Salgueiro and Cachoeirinha groups (Barbosa 
1970;  Silva  Filho 1984). Silva Filho (1984), based on 
Rb/Sr  and K/Ar data, has ascribed them respectively 
meso- and neoproterozoic ages and differentiated from 
the metamorphic, deformational and metalogenetic 
points of view. The first unit is composed of mica-s-
chist with subordinate quartzite and metavulcanic inter-
calations. A metarhyodacitic sheet interlayered in bioti-
te schist near Salgueiro City, Pernambuco, has provided 
a Tonian age (962 Ma) to the group (Brito & Cruz 
2011). The Cachoeirinha Group has similar lithological 

content but shows a lower metamorphic grade than 
the Salgueiro Group. U/Pb ages in Cachoeirinha rhyo-
lites have furnished Criogenian to Ediacarian (650 – 
625 Ma) depositional ages to the unit.  Many alterna-
tive stratigraphic models have been proposed for this 
domain, as exemplified by Campos Neto (1994), Brito 
Neves et al. (1995) and Bittar (1998). 

The Neoproterozoic plutonism is one of the most 
important features in the Salgueiro-Cachoeirinha belt. 
It shows great diversity and was classified as calc-alka-
line (Conceição type), high-K calc-alkaline (Itaporanga 
type), trondhjemitic (Serrita type), peralkaline 
(Catingueira type) and shoshonitic (Serra dos Cavalos 
type) suites (Ferreira et al. 2004, Medeiros 2004). 
In the studied area, plutonic stocks correlated to Serrita 
Trondhjemitic Suite are intrusive in schists and phylli-
tes correlated to the Salgueiro Group (Sial et al. 1981, 
Neves 1986) (Fig. 2). These bodies exhibit rounded to 
NE-axis-ellipsoid shapes and were affected by discrete 
ruptile-ductile strike-slip shear zones suggesting a pre- 
to sin-kinematic emplacement. They comprise meta- to 
peraluminous biotite leucogranodiorites with trondhje-
mitic affinity (Neves 1986).
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The serrITa lODe OccUrreNces

According to Torres et al. (1986), Mont’Alverne et al. 
(1995) and Beurlen et al. (1997), the Serrita lode veins are 
hosted by Salgueiro supracrustal rocks and leucogranodiorites 
of the Serrita pluton and Barra Verde stock, both correlated to 
the Serrita Suite. Locally, the supracrustal rocks are comprised 
of phyllites and micaschists, which show a well-defined com-
positional banding composed of millimetric to centimetric 
micaceous and quartz-feldspatic layering. This rhythmic fea-
ture has been interpreted as a sedimentary bedding (Fig. 3A).   

Previous works (Torres & Santos 1983; Torres et al. 
1986; Dantas & Vieira Filho 1990) pointed out that the 
ore in supracrustal rocks is associated with three arrays 
of subvertical veins. The first one consists of highly frac-
tured ENE-ESE-striking veins, hosting the highest Au, 
Ag and Pb contents. The second and third arrays are later 
and comprise ENE-striking and N-S/NNW-SSE-striking 
veins, which are less fractured and present lower metal con-
tents. The granodiorite hosted-veins have a NW-SE strike 
unimodal direction, are less deformed, and generally show 
minor thickness and lengths (Beurlen et al. 1997).

Fluid inclusion studies have shown that the minerali-
zation on supracrustal-hosted veins was closely related to 
vein deformation while, in granodiorites, it was associa-
ted with vein crystallization (Beurlen et al. 1997). Despite 
this difference, Beurlen et al. have defined the presence of 
aqueous-carbonic fluids trapped under immiscibility con-
ditions during the ore genesis in both host-rocks. These 
fluids have a mean salinity of 6.9% NaCleq and entrap-
ment conditions varying between 290° and 310°C and 1.3 
to 1.8 kbar. Such features are similar to mesothermal oro-
genic gold deposits (Groves et al. 1998).   

MeThODOlOGY 

In this study, we collected structural (ductile and rup-
tile) data at 91 stations, in which 18 comprise inactive di-
ggings hosted in supracrustals rocks and granodiorites at 
northeastern Serrita and northern Parnamirim – both lo-
cated in Pernambuco State. Sixteen stations (6 diggings) 
were selected and a systematic fracture (vein, fault and 
joint) measurement was carried out by inventory method. 
The statistic data treatment was performed using StereoNet 
3.06 and Georient 9.4.4 softwares. 

A detailed macroscopic description of all observed veins 
was accomplished for supracrustal rocks and granodiorites. 
This structural data set was supplemented with morpholo-
gical, chemical and orientation data obtained from prospec-
ting trenches and presented in Torres et al. (1986). 

Thin sections were made from 22 ore-vein samples 
(13  oriented). These samples were used to describe the 
veins microstructures and determine possible crystalliza-
tion and deformation mechanisms.        

The ore-veins lack macroscopic and microscopic kine-
matic indicators, such as displaced layers, fibrous or elon-
gated crystals etc. This fact ruled out a classical kinematic 
analysis. Hancock (1995) described a similar situation on 
joint studies and suggested the use of many criteria, which 
taken in together could help to trace the genetic nature of 
these structures. In this context, structural and mineralogi-
cal features were used for better understanding of the Au-
vein development.   

The ductile deformation
Four ductile deformation phases have been identified 

in the supracrustal rocks (D1 to D4). The first phase (D1) 
is characterized by the development of S1 foliation and 
V1 quartz veins, both parallelized to sedimentary bedding 
(S0) (Figs. 3A and B). The S1 foliation is the most pro-
minent structure in the supracrustal rocks and presents 
NE-SW directions with gentle dips to the SE and NW 
(Fig. 4A). It corresponds to a continuous cleavage or schis-
tosity defined by lepidoblastic micas, chlorite and hemati-
te, stretched quartz and elongated plagioclase.     

The second phase has been identified based on cen-
timetric- to decametric-mesoscopic folds (D2). These 
folds are tight to isoclinal, show reclined to plunging 
inclined geometries and present an axial foliation (S2) 
(Fig. 3B). This foliation shows almost the same attitude 
as S1 (Fig. 4B) and occasionally exhibits lit-par-lit em-
placed quartz veins (V2).   

The third phase (D3) is marked by a penetrative crenu-
lation cleavage (S3) that represents the axial surface of upri-
ght- to horizontal inclined folds (d3). These folds exhibit NE-
SW/ESE-WNW fold-hinges and show distinct structural 
style at the NW and SE portion of the studied area (Fig. 2B). 
The northwestern part is comprised of gentle to open folds 
with steep axial surfaces (Fig. 3C), while at southeastern end, 
they correspond to tight- to isoclinal-folds presenting gentle 
axial-surfaces dips and vergence to SE (Fig. 3D). These fold 
geometries suggest a NW-SE shortening and a southeastward 
increase on the deformation gradient.    

The last phase (D4) corresponds to development of 
a regional strike-slip shear zones. In the studied area, the 
Parnamirim strike-slip shear zone is the main representati-
ve structure of this phase (Fig. 2). It consists of a NE-SW-
striking structure showing steep milonitic foliation and si-
nistral-sense kinematic indicators.   

The deformation phases record the transition from a  
low-angle compressive ductile (D1 – D2) to a strike-slip 
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A B

C D

Figure 3. (A) Sedimentary bedding defined by milimetric to centimetric interlayered metapelitc and metapsamitic 
levels; (B) Relationship between d2-fold and S1 and S2 foliations; (C) A d3-fold exhibits open geometry and 
NW-steeply dipping axial surface (S3); (D) Tight-assymetric d3-folds showing low angle axial surface (S3) with 
southeastward vergence.

tectonic (D4). According to literature, the low-angle fabric 
at the Zona Transversal domain formed at 640 – 610 Ma 
(Medeiros 2004, Neves 2003, Neves et al. 2006). The re-
gional strike-slip shear zones of D4 phase are interpreted as 
the result of a NW-SE/NNW-SSE compressive event that 

took place at 590 – 570 Ma (Guimarães & Silva Filho 1998, 
Archanjo et al. 2008). As noted by Vauchez et al. (1995) and 
Neves and Mariano (1999), the regional strike-slip shear zo-
nes commonly mark the transition between high-temperatu-
re ductile and low-temperature ruptile-ductile deformation.   

S0//S1
n = 184
K = 100

S2
n = 59
K = 200

S3
n = 79
K = 100

2.2
%

4.3
%

6.5
%

8.7
%

10
.9%

13
.0%

34
%

8.5
%

13
.6%

18
.6%

2.5
%

5.1
%

7.6
%

10
.1%

12
.7%

A B CN N N

Figure 4. Pole contour diagrams for S1 (A), S2 (B) and S3 (C) foliations. 

n = data number; K-indice represents the constant used in the function of density calculation
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The Serrita pluton and Barra Verde stock present an 
isotropic fabric. Microscopically, these rocks record an 
incipient deformation represented by quartz undulose 
extinction and subgrains and plagioclase deformation 
twins. These bodies developed a shear boundary folia-
tion near the contacts. The presence of ruptile-ductile 
shear zones at Serrita pluton suggests an emplacement 
pre- to sin-D4.    

The ruptile and ruptile-ductile 
deformation

The subvertical veins which are discordant of low-angle 
fabric and locally S3-concordant were called V3 veins. This 
section presents the main features of this group as it covers 
the ore-related veins.

MeTasseDIMeNT-hOsTeD veINs

The metassediment-hosted-V3 veins comprise whi-
te-milk quartz veins, which may also show sulfides, 
carbonates, iron oxides, limonite, clay minerals and 

box-works in ore-related bodies. Veins are generally ste-
eply dipping, showing more than 80% of the veins with 
dips higher than 70°.   

The V3-veins’ azimuths are represented in rose dia-
grams at Fig. 5. The barren veins are characterized by two 
main azimuth distributions, a NE-SW major trend and a 
secondary NNE-SSW trend (Fig. 5A). These veins exhibit 
milimetric to centimetric widths and are commonly axial 
to d3 open folds.       

Figs. 5B to D illustrate the ore-vein azimuth distribu-
tion. Figs. 5B (extracted from Torres et al. 1986) and C 
strike represent the lode occurrences northeast of Serrita, 
Pernambuco. The data indicate the presence of two main 
arrays defined by E-W/ESE-WNW and N-S/NNW-SSE 
trends. Figure 5D shows the northern Parnamirim’s occur-
rences, which define a main ENE-WSW-strike array. In 
both cases, the ore-veins keep their dips despite the ductile 
fabric attitude. 

The ore-veins form tabular bodies and commonly exhi-
bit branches and host-rock xenoliths, which give them an 
arborescent pattern in cross-sections. The E-W array pre-
sents widths ranging from 0.1 up to 1.4 m at NE-Serrita 

n = 43
Circle scale = 5% data
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Circle scale = 3% data

n = 31
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n = 15
Circle scale = 10% data

A B

C D

Figure 5. Rose diagrams of V3-veins. All diagrams present sector angle equal to 5°. (A) Barren V3-veins; (B) Ore-
veins graphically extracted from Torres et al. (1986); (C) Ore-quartz veins from northeastern Serrita (Pernambuco) 
diggings; (D) Ore-quartz veins associated with Parnamirim (Pernambuco) occurrences. 
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and 0.01 up to 0.90 m at N-Parnamirim. The N-S array 
contains relatively thicker veins, reaching up to 3.8 m wid-
th. Both arrays show hectometric lengths.  

The veins show massive texture, commonly pre-
senting open-fill textures as cavities partially filled by 
euhedral quartz and also secondary boxwork cavities. 
Microscopically, the veins are dominated by a blocky tex-
ture defined by medium- to coarse-grained quartz crystals.   

The most important feature of these veins is their 
internal deformation. The internal deformation is 
highly heterogeneous and defines low and high strained 
zones. These zones have a quite irregular distribution 
within the veins and also exhibit different structural 
styles. Macroscopically, the internal deformation of 
the vein is characterized by various types of fractures 
(here called fractures I and II) and breccias (mosaic and 
crackle). The fractures I are filled by sulfides or their 
alteration product (e.g. limonite) (Fig. 6A) while the 

fractures II are barren and frequently covered by a thin 
black, reddish or yellowish film. The fractures are mainly 
strike-parallel in respect to the veins although secondary 
directions are also found in highly strained zones. 

Different styles of breccias were found in veins and 
they were classified according to Woodcock and Mort 
(2008). The mosaic breccias present a typical jigsaw pat-
tern and were differentiated according to the nature of the 
fragments and cement. The first one, here called mosaic 
breccia (I), presents subangular fragments defining a lar-
ge triangular texture (Figs. 6B e C). The cement is mainly 
composed of quartz, galena, pyrite and secondary minerals 
(e.g. limonite). The second type (mosaic breccia II) is re-
presented by breccias showing a cockade texture, in which 
galena fragments are surrounded by a crustiform cement 
made of microcrystalline quartz and covellite (Fig.  6D). 
The cackle breccias constitute the third type and exhi-
bit a subangular matrix and fragments and lack cement 

Figure 6. Internal deformation structures of the ore-veins. (A) Limonite(Lm)-filled fracture array is parallelized to 
vein walls. The detail exhibits crackle breccias; (B) Mosaic breccia (I) presenting quartz subangulous fragments 
surrounded by a hematite-limonite cement; (C) Mosaic breccia (I) photomicrography showing fractured 
arsenopyrite crystals (Apy) filled with galena (Gn), pyrita (Py) and quartz (Qz). The detail presents quartz grains 
with enlogated blocky texture; (D) Mosaic breccia (II) exhibits cockade texture defined by subrrounded massive 
galena fragments (Gn) and crustiform cement. 

A B

C D
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(Fig. 6A). The matrix and fragments are normally surroun-
ded by a thin black, yellowish or reddish film.

Microstructures also indicate inhomogeneous defor-
mation. Low deformed areas are characterized by quartz 
undulose extinction, centimetric scale deformation bands, 
subgrains and newgrains. The grains show straight to serra-
ted boundaries, suggesting an incipient bulging recrystalli-
zation. This recrystallization also occurs as anastomosed 
intra- or intergranular strips, here called recrystallization 

bands. These bands usually make low angles (~ 20°) with 
the walls of the vein. 

Highly strained zones occur as narrow zones approxi-
mately parallel to the  walls of the vein or encompassing 
the entire vein. These areas present abundant anastomo-
sed recrystallization bands, indicating the predominance 
of bulging recrystallization although bigger recrystallized 
grains can also be found (Figs. 7A and B). The presence 
of carbonate and sericite within these bands has indicated 

A

B

1 mm

C

4 mm

Figure 7. Microstructural aspects of the ore-veins (crossed polarized light). (A) Milimetric limonite filled fractures 
(F) surrounded by a zone of quartz recrystallization (br) associated with muscovite and carbonate. A second 
fracture developed near the vein-schist (xst) contact; (B) Goethite (Gt)-filled mosaic breccia (I) showing intense 
recrystallization. The recrystallization bands (br) present an anastomosed pattern; (C) Granodiorite-hosted vein 
with irregular walls (arrow) and incipient deformation. 
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that deformation took place concomitantly with the fluid 
activity. The crosscut relationships suggest that crys-
tal-plastic deformation was prior to the brecciation and 
fracturing of the veins. 

GraNODIOrITe-hOsTeD veINs

The granodiorite-hosted veins form two groups accor-
ding to their mineralogy. The first group occurs predomi-
nantly at the Serrita pluton and is comprised of quart-
z-feldspathic veins which occasionally show pegmatitic 
texture. The ambiguous cross-cut relationship among 
these veins and aplite/pegmatite dikes has suggested their 
contemporaneity. These veins exhibit steep dip angles, 
centimetric widths and lengths reaching up to several de-
cimeters. They can present abrupt direction changes and 
are commonly associated with milimetric width ruptile-
ductile shear zones.      

The second group represents veins essentially compo-
sed of quartz. In this group, some veins present distinct 
amounts of carbonate, sericite, sulphides and gold (here 
called ore-veins). These veins usually form swarms and pre-
sent a NW-SE unimodal direction with subvertical dip an-
gles (Fig. 8). They are tabular, show milimetric to centime-
tric width and centimetric to metric lengths. The alteration 
selvage and open-fill cavities partially filled with euhedral 
quartz are their most noticeable features.   

The deformation of the veins is restricted to fault planes 
that nucleated along their walls. Microscopically, the ore-
veins show irregular walls (Fig. 7C) surrounded by a mus-
covite fringe. The quartz displays blocky texture and in-
cipient deformation aspects, such as undulose extinction, 
subgrains and new grains. The grain boundaries between 

new and subgrains are usually straight, interlobate and ra-
rely serrated. Some muscovite grains exhibit kink bands.

dIscussIoN

Metassediment-hosted veins
The main texture in the metassediment-hosted veins 

is that of quartz blocky grains. Oliver and Bons (2001) 
have interpreted this feature as a product of ongoing nu-
cleation due the supersaturation of the vein-forming mi-
neral, chaotic fracturing or dynamic recrystallization. The 
first hypothesis seems more reliable in this case as the re-
crystallization and fracturing have an irregular intensi-
ty and present a scattered distribution within the veins. 
Thus, the ongoing nucleation probably occurred in func-
tion of a silica supersaturation in the fluid. In general, 
this process is associated with abrupt fluid pressure drops 
triggered by fault-related fractures, or by a sudden arrest 
of mobile hydrofractures (Bons 2001, Oliver & Bons 
2001). The texture also indicates that the opening rate of 
the fracture exceeded the quartz growth rate; otherwise, 
it should have formed fibrous or elongated blocky crystals 
(Passchier & Trouw 2005). The anastomosed pattern of 
the veins also points out high fracture propagation rates 
(Trepmann 2002).  

The quartz crystal-plastic deformation indicates de-
formation temperatures between 280 and 400°C, simi-
lar to those interpreted for the ore formation (Beurlen 
et al. 1997). The presence of phyllossilicates and carbo-
nates in recrystallization bands suggests dissolution and 
precipitation mechanisms and points to a fluid-assisted 
deformation.
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Circle scale = 5% data
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Figure 8. Ore-veins attitudes from Barra Verde stock. (A) Pole contour stereographic diagram (K = 100); (B) Rose 
diagram showing sector angle equal to 5°.

N: data number; K-indice represents the constant used in the function of density calculation.
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The brecciation and fracturing within the veins re-
cord a multiphase fragile deformation. The parallelism 
between fractures and the walls of the vein suggests that 
lodes accommodated part of the strain, acting as preexis-
tent flaws zones. 

The mosaic breccias (I and II) and fractures (I) formed 
important flow conduits for metalliferous fluids. The mo-
saic breccias (I) and (II) show different contents of frag-
ments and cements, which indicates distinct opening rates 
and physicochemical conditions of cementation. 

According to Dong et al. (1997) and Hagemann et al. 
(1992), the cockade texture and microcrystalline quartz 
(mosaic breccia II) are typical of the epithermal systems 
and probably reflect the evolution of the fracturing pro-
cess in shallower crustal levels. The crackle breccias post-
date the fluid activity, and could represent a late deforma-
tional event.

The subvertical pattern of the veins let us infer that 
they formed under a paleostress field with principal mini-
mum subhorizontal stress (σ3). This fact indicates a stri-
ke-slip or an extensional tectonic regime. Taking into ac-
count that the ore-veins exhibit dihedral angles between 
60° and 80° (E-W/ESE-WNW and N-S/NNW-SSE) and 
record a multiphase deformational history, it is feasible to 
suggest that the veins are genetic related to shear fractu-
res formed in a strike-slip regime. Although the conjugate 
angles are higher than those expected for hybrid or shear 

fractures (Hancock 1985, Peacock & Sanderson 1992), 
these changes are expected on faults formed at the base of 
the seismogenic zone due the increase of confining pressu-
re (Watterson 1999). We also suggest that the veins develo-
ped during the last stages of the fourth deformation phase 
(D4) in a ruptile-ductile regime. 

coNcLusIoN

Based on discussed evidences, we purpose an evolution 
model for the ore-veins, characterized by multiphase frac-
turing and crystal-plastic deformation cycles, partially cou-
pled with hydrothermal mineralizing activity. Figs. 9A and 
B present the branched- and anastomosed-fractures nucle-
ation phase, which formed abundant host-rock xenoliths 
and triggered the quartz precipitation. 

Afterwards, the crystallization of the veins constituted 
important zones for strain accommodation, which are cha-
racterized by heterogeneous distribution and intensity. The 
presence of quartz bulging recrystallization (Fig. 9C) asso-
ciated with sericite and carbonate suggests a fluid-assisted 
deformation under a ruptile-ductile regime. 

This period was followed by fracturing phases marked 
by the presence of mosaic breccias (I) and fractures (I) with 
predominantly quartz, pyrite and galena cements (Fig. 9D). 
The relationship between the ruptile deformation and the 

Schist
Foliation
S0S1
S3
Fractures
t
t+1
t+2
Mosaic breccia I
Mosaic breccia II
Fractures and
crackle breccia
Vein

A B C

D E F

Figure 9. Evolution model of metassediment-hosted veins. The abbreviation (t + n) refers to successive time 
intervals that fractures formed. The pictures represent the typical features of each stage. (A) and (B) Anastomosed 
fractures propagation producing xenolith-rich veins lacking internal deformation; (C) Quartz cristal-plastic 
deformation; (D) Mosaic breccias I; (E) Mosaic breccias II; (F) Barren fractures and crackle breccias.   
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ore is evidenced by the gold-pyrite association and also by 
free gold grains infilling healed fractures. The morpholo-
gical and mineralogical differences related to mosaic brec-
cia (II) indicate a distinct physicochemical environment 
and suggest the deformation proceeded in progressively 
shallower crustal levels (Fig. 9E). 

The last deformational phases of the vein correspond 
to the development of fractures (II) and crackle breccias 
(Fig. 9F) in oxidizing states, lacking fluid activity. It was 
not possible to establish if these structures were related to a 
recent deformational event.  

The granodiorite-hosted veins (Barra Verde stock) 
show distinct features when compared with the metasse-
diment-hosted veins. They are substantially thinner, shor-
ter and present an unimodal azimuth distribuition. The 
microstructures indicate an incipient deformation that is 
similar to their host-rocks. These characteristics point to a 
distinct evolution for granodiorite-hosted veins.

Taking into account that both metassediment- and 
granodiorite-hosted veins formed from a similar fluid 
(Beurlen et al. 1997), we propose two hypothesis of vein 
formation. The first hypothesis considers that the gra-
nodiorite-hosted veins postdate the metassediment-hos-
ted veins and grew under a different paleostress field. In 
the latter, the veins formed by the same stress field but 

would present a distinct evolution in function of their 
host-rock rheology. 

The second hypothesis suggests fracture refraction 
(Hancock 1985, Peacock & Sanderson 1992), which oc-
curs when a perpendicular stress is applied against rocks 
that show contrasting mechanic behavior. According to 
these authors, the less competent lithologies (e.g. schists) 
tend to develop shear fractures while extension fractu-
res occur in more competent rocks (e.g. granitoids). This 
hypothesis is favored as the metassediments and granodio-
rites have undergone a NW-SE-compressive stress regime. 
Moreover, the inexistence of metassediment-hosted veins 
showing similar features as those in the granodiorites fa-
vors the second hypothesis.

AcKNowLedGmeNts

We gratefully acknowledge the Brazilian Geological 
Survey (SGB/CPRM) for the financial support, and 
Department of Geology of Universidade Federal de 
Ouro Preto (UFOP) for the infrastructure support. 
We are grateful to our friends from SUREG-RE and 
DEGEO for the discussions and assistance during the 
execution of the project.    

Almeida F.F.M., Hasui Y., Brito Neves B.B., Fuck R. 1977. Províncias 
estruturais brasileiras. In: Simpósio de Geologia do Nordeste, 8., 
1977, Campina Grande. Resumos, p. 363. 

Angelim L.A.A., Vasconcelos A.M., Gomes J.R.C., Wanderley A.A., 
Forgiarini L.L., Medeiros M.F. 2004. Carta Geológica do Brasil ao 
Milionésimo: sistema de informações geográficas. SIG: Programa 
Geologia do Brasil. Folha SB-24, Jaguaribe. Brasília: CPRM – Serviço 
Geológico do Brasil, CD-ROM 17/41. 

Archanjo C.J., Hollanda M.H.B.M., Rodrigues S.W.O., Brito Neves B.B., 
Armstrong R. 2008. Fabrics of pre- and syntectonic granite plutons 
and chronology of shear zones in the Eastern Borborema Province, 
NE Brazil. Journal of Structural Geology, 30:310-326.

Barbosa O. 1970. Geologia econômica de parte da região do Médio 
São Francisco. Rio de Janeiro, DNPM/DFPM, Boletim 140, p. 98.   

Beurlen H., Silva R.R.M., Santos R.B. 1997. Auriferous Quartz Veins 
from Northeastern Brazil: A Fluid-Inclusion Study. International 
Geology Reviews, 39:578-588.

Bittar S.M.B. 1998. Faixa Piancó-Alto Brígida: terrenos 
tectonoestratigráficos sob regimes metamórficos e deformacionais 
contrastantes. Tese de Doutorado, Instituto de Geociências, 
Universidade de São Paulo, São Paulo, 126 p.

Bons P.D. 2001. The formation of large quartz veins by rapid ascent 
of fluids in móbile hydrofractures. Tectonophysics, 336:1-17.  

Brito M.F.L. & Cruz R.F. 2009. O Complexo Metavulcanossedimentar 
da região de Salgueiro/PE, Zona Transversal, Província Borborema, 

reFereNces

NE do Brasil. In: SBG, Simpósio de Geologia do Nordeste, 24., 2009. 
Fortaleza. Anais... p. 201. 

Brito Neves B.B. 1975. Regionalização geotectônica do Precambriano 
nordestino. Tese de Doutorado, Instituto de Geociências, Universidade 
de São Paulo, São Paulo, 198 p.

Brito Neves B.B., Van Schumus W.R., Santos E.J. 1995. O Evento Cariris 
Velhos na Província Borborema: integração de dados, implicações e 
perspectivas. Revista Brasileira de Geociências, 31:173-184.

Caby R., Sial A.N., Ferreira V.P. 2009. High pressure thermal aureoles 
around two Neoproterozoic synorogenic magmatic epidoto-bearing 
granitoids, Northeastern Brazil. Journal of South American Earth 
Sciences, 27:184-196. 

Campos Neto M.C., Bittar S.M.B., Brito Neves B.B. 1994. Domínio 
Tectônico Rio Pajeú – Província Borborema: orogêneses superpostas 
no Ciclo Brasiliano/Pan-africano. In: SBG, Congresso Brasileiro de 
Geologia, 38., 1994. Camboriú.  Anais... p. 221. 

Dantas J.R.A. & Vieira Filho J.A. 1990. Cadastro dos Garimpos em 
Pernambuco, Paraíba e Rio Grande do Norte, Projeto Garimpo, Recife, 
DNPM.

Dong G., Morrison G., Jaireth S. 1995. Quartz textures in epithermal 
veins, Queensland – Classification, Origin, and Implication. Economic 
Geology, 90:1841-1856. 

Ferreira V.P., Sial A.N., Pimentel M.M., Moura C.A.V. 2004. Intermediate 
to acidic magmatism and crustal evolution in the Transversal Zone, 
Northeastern Brazil. In: Mantesso Neto V., Bartorelli A., Carneiro C.D.R., 

Brazilian Journal of Geology, 43(2): 211-222, June 2013
221

Marcelo de Souza Marinho et al.



Brito Neves B.B. (eds.) Geologia do Continente Sul-Americano: A evolução 
da obra de Fernando Flávio de Almeida. São Paulo, Beca, p. 189-201.

Groves D.I., Goldfarb R.J., Gebre-Mariam M., Hagemann S.G., Robert 
F. 1998. Orogenic gold deposits: A proposed classification in the 
context of their crustal distribution and relationship to other gold 
deposits. Ore Geology Reviews, 13:7-27.

Guimarães I.P. & Silva Filho A.F. 1998. Nd- and Sr-isotopic and U-Pb 
geochronologic constraints for the evolution of the shoshonitic 
Brasiliano Bom Jardim and Toritama complexes: evidence for 
a Transamazonian enriched mantle under Borborema tectonic 
province, Brazil. International Geology Reviews, 40:500-527.

Hagemann S.G., Groves D.I., Ridley J.R., Vearncombe J.R. 1992. The 
Archean lode gold deposits at Wiluma, Western Australia: high-level 
brittle style mineralization in a strike-slip regime. Economic Geology, 
87:1022-1053. 

Hancock P.L. 1985. Brittle microtectonics: principles and practice. 
Journal of Structural Geology, 7:437-457.

Hollanda M.H.B.M., Archanjo C.J., Souza L.C., Armstrong R., 
Vasconcelos P.M. 2010. Cambrian mafic to felsic magmatismo and 
its connections with trancurrent shear zones of the Borborema 
Province (NE Brazil): Implications for the late assembly of the West 
Gondwana. Precambrian Research, 178:1-14.  

Kosin M. D., Angelim L.A.A., Souza J.D., Guimarães J.T., Teixeira L.R., 
Martins A.A.M., Bento R.V., Santos R.A., Vasconcelos A.M., Neves 
J.P., Wanderley A.A., Carvalho L.M., Pereira L.H.M., Gomes I.P. 2004. 
Carta Geológica do Brasil ao Milionésimo: sistema de informações 
geográficas – SIG: Programa Geologia do Brasil. Folha SC-24, Aracaju. 
Brasília, CPRM – Serviço Geológico do Brasil, CD-ROM 24/41.

Medeiros V.C. 2004. Evolução Geodinâmica e Condicionamento 
Estrutural dos Terrenos Piancó-Alto Brígida e Alto Pajeú, Domínio 
da Zona Transversal, NE do Brasil. Tese de Doutorado, Centro de 
Ciências Exatas e da Terra, Universidade Federal do Rio Grande do 
Norte, Natal, 200 p.

Medeiros V.C. & Jardim de Sá E.F. 2009. O Grupo Cachoeirinha (Zona 
Transversal, NE do Brasil) redefinição e proposta de formalização. 
Revista de Geologia., 22(2):124-136. 

Mont’Alverne A.A.F., Anjos F.T., Cintra J.R.F., Dantas J.R.A., Santos R.B., 
Souza V.C. 1995. Projeto Serrita-Cedro, Fase I. Recife, DNPM, 29p.

Neves S.P. 1986. Petrologia e geoquímica dos stocks graníticos de 
Serrita, Pernambuco. Revista Brasileira de Geologia, 16(1): 86-94. 

Neves, S.P. 2003. Proterozoic history of the Borborema province (NE 
Brazil): Correlations with neighboring cratons and Pan-African belts 
and implications for the evolution of western Gondwana. Tectonics, 
22(4):1031-1045.

Neves S.P, Bruguier O., Vauchez A., Bosch D., Silva J.M.R., Mariano 
G. 2006. Timing of crust formation, deposition of supracrustal 

sequences, and Transamazonian and Brasiliano metamorphism 
in the East Pernambuco belt (Borborema Province, NE Brazil): 
Implications for western Gondwana assembly. Precambrian 
Research, 149:197-216.     

Oliver N.H.S. & Bons P.D. 2001. Mechanisms of fluid flow and fluid-
rock interaction in fossil metamorphic hydrothermal systems 
inferred from vein-wallrock patterns, geometry and microstructure. 
Geofluids, 1:137-162. 

Passchier C.W. & Trouw R.A.J. 2005. Microtectonics. Berlim, Springer-
Verlag, 366 p.

Peacock D.C.P. & Sanderson D.J. 1992. Effects of layering and 
anisotropy on fault geometry. Journal of the Geological Society, 
149:793-802.

Santos E.J. & Medeiros V.C. 1999. Constraints from granitic plutonism 
on proterozoic crustal growth of the Transverse Zone, Borborema 
Province, NE Brazil. Revista Brasileira de Geociências, 29(1):73-84.

Schobbenhaus C. & Campos D.A. 1984. A Evolução da plataforma 
sul-americana no Brasil e suas principais concentrações minerais. 
In: Schobbenhaus C., Campos D.A., Derze G.R., Asmus H.E. 1984. 
Geologia do Brasil. Brasília, DNPM, 501 p.

Sial A.N., Pessoa D.A., Villarroel H.S., Lima E.S., Rodrigues Da Silva 
M.R., Castro C.C., Borba G.S. 1981. Petrologia e geoquímica do 
Batólito Bodocó e stocks de Serrita, Pernambuco. In: SBG, Simpósio 
de Geologia do Nordeste, 10., 1981. Recife.  Anais... p. 388.

Silva Filho M.A. 1984. A faixa de dobramento Piancó: síntese do 
conhecimento e novas considerações. In: SBG, Congresso Brasileiro 
de Geologia, 33., 1984. Rio de Janeiro. Anais, v. 7, p. 3337.

Torres H.H.F. & Santos E.J. 1983. Projeto Serrita – Atividades 
desenvolvidas em 1982 e programação para 1983. Recife, CPRM. 30 p.

Torres H.H.F., Barros F.A.R., Santos E.J., Farina M., Maranhão R.J.L. 
1986. Projeto Serrita – Relatório Final de Pesquisa, alvarás 3176/85, 
4193/85, 4910/85 e 2750/86. Recife, CPRM. 1 v.

Trepmann C.A. 2002. Microstructural Criteria for Synseismic Loading 
and Postseismic Creep in the Uppermost Plastosphere: An Example 
From the Sesia Zone, Western Alps.  Tese de Doutorado, Faculty of 
Geoscience, Ruhr-University, Germany, 93p.

Vauchez A., Neves S.P., Caby R., Corsini M., Egydio-Silva M., Arthaud 
M.H., Amaro V. 1995. The Borborema shear zone system, NE Brazil. 
Journal of South American Earth Sciences, 8:247-266.

Watterson J. Lloyd CJ, Yong Z. 1999. The future of failure: stress or 
strain? Journal of Structural Geology, 21:939-948. 

Arquivo digital disponível on-line no site www.sbgeo.org.br

Brazilian Journal of Geology, 43(2): 211-222, June 2013
222

Lode occurrences of Serrita and Parnamirim, Brazil




