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MATRIX ROCK TEXTURE IN THE PITINGA TOPAZ GRANITE, AMAZONAS, BRAZIL

SARA LAIS RAHAL LENHARO !, PETER JOHN POLLARD? AND HELMUT BORN 3

ABSTRACT The porphyritic topaz granite of the Agua Boa batholith at the Pitinga Mine contains rounded quartz and rectangular white and
pink feldspar phenocrysts. The fine-grained groundmass is composed of quartz, white and pink feldspar, micas (biotite and Li-siderophylite)
and topaz. Accessory minerals include zircon, fluorite, Fe-Ti oxides, RE-minerals, thorite, columbite-tantalite, cassiterite, xenotime and
sulphides. The topaz granite is peraluminous, similar to | Ropaz granites, shows some features resulting from post-magmatic
metassomatic processes and is considered as a likely source oftin mineralizing fluids in the Agua Boa Granite. Three subtypes of topaz granite
have been identified, based on modal composition and petrographic features: 1) end-member with around 20% angular phenocrysts; 2)
intermediate member with approximately 36% phenocrysts exhibiting dendritic margins; and 3) matrix rock containing around 68% phenocrysts
and phenocryst aggregates with irregular and dendritic margins. The estimated amount of K-feldspar phenocrysts decreases at the expense of
quartz and plagioclase phenocrysts from the matrix rock to the end-member type. Petrographically, the matrix rock contains relict quartz, K-
feldspar and plagioclase aggregates of the older, medium- to coarse-grained granite facies. These aggregates are surrounded by irregular and
anastomosing films of topaz granite displaying magmatic flow textures. Individual phenocrysts of quartz show evidence of partial absorption
and subsequent dendritic growth. The model for the formation of the matrix rock at the Pitinga Mine considers that the partially crystallized,
earlier facies were intruded by the more evolved topaz granite crystal mush, which underwent decompression during emplacement, causing
compositional desequilibrium and later re-equilibration at low pressure associated with late fluid stage separation.
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INTRODUCTION Hydrothermal tin systems are commonly
related to the emplacement at shallow levels of fractionated, hydrg
magmas (Lehmann 1990). In this environment, crystallization ¢
medium- to coarse-grained granite, which is forcefully invaded B J 7w ;‘ff\
later, fine-grained material, is common. This material is common| s

described texturally as granite porphyry or porphyritic granite, but th
significance of the texture is commonly overlooked. Cobleingl.
(1986) and Pitfielat al.(1990) described a sequence of texturally an
geochemically evolved granites from the Main Range Proving
(Malaysia) in which the texturally heterogeneous granites were defin
as “two-phase variants”. They considered that the two-phase textur
formed when a residual magma undergoes a sudden pressure rele
resulting in fluidization and invasion of earlier crystallized coarser
grained granite. The production of the two-phase texture is believed
be an integral part of the process that culminates with the developm
of tin-bearing massive greisen systems. The aim of this contributions
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to describe the petrographic characteristics of the texture, hereiff®°" 3 gocoo 59°52 30"
termed “matrix rock”, and its relationship to the evolution of the LEGEND
Pitinga granites and their associated mineralization. The texture is Madeira Grarite
referred to as “matrix rock” because the proposed origin is slight/Jill APt granite B ropmviicvoitegante S Aqua Boa Granie
different of the hypothesis considered by Pitfietcal.(1990). Topaz granite [ Rapakivi granite g contact

[TT] Biotite granite [ (ricoumé Group . Fault

aGSEsgcli-z?teGdl?vft\r!-tf?eE:(-).:):;\Nzgranitlg é??hepigggg ngat,)ar?haotlriit)r(] r.?.ﬁl; i(;s\):i ure 1 - Geological map of Pitinga Mine region (modified from Horbe et al.,
shaped elongated NE-SW Agua Boa and Madeira granites (U/Pb aggs’ Daoud & Antonietto Jr, 1985; Costi & Popini, 1994).
from 1815 £ 5 to 1794 + 19 Ma, Lenharo 1998) intrude acid volcanic - o . )
and pyroclastic rocks of the Paleoproterozoic Iricoumé Group and &f@ined biotite granite display irregular boundaries and commonly
related to a complex fault system. The two bodies contain three majo@rge with the fine-grained porphyritic topaz granite. The fine-grained
facies, which, in order of emplacement are a fine- to coarse-graire@phyritic topaz granite commonly contains phenocrysts displaying a
inequigranular to porphyritic rapakivi granite, fine- to medium-grainegreferred orientation, which may represent a magmatic foliation.
locally porphyritic biotite granite, and late fine- to coarse-grained The contact between the porphyritic topaz granite and the rapakivi
porphyritic topaz granite (Agua Boa batholith) or fine- to coarsdacies has been observed in drill core from several drill holes located
grained porphyritic albite granite (Madeira pluton) (Fig. 1). Lenkaro in the western part of the batholith. This contact is also formed by
al. (1999) suggest that the formation of the batholith occurred #yatrix rock, which is commonly 20 to 80 cm thick in drill core. The
shallow level emplacement of magma via brittle fracture exploitatiofjatrix rock is composed of masses and intergranular films of fine-
with several stages of crystallization due to decompression. Zirccg’f,aln?q por_phyrltlc topaz granite, which anastomose aroqnd the
thorite, monazite, columbite-tantalite, bastnaesite, cassiterite afi@pakivi portions. The topaz granite component is clearly intrusive and
xenotime are present as accessory minerals in all facies of the PitiggBibits a flow foliation (Fig. 2). N
granites. Tin mineralization in the Agua Boa Granite occurs as Where apparently sharper contacts between the porphyritic topaz
cassiterite-topaz-mica-quartz greisens and cassiterite-bearing sdiiRnite and earlier phases are observed in hand specimen, thin section
episyenites. In the Madeira Granite, the albite granite contaif¥amination reveals a matrix rock with the intergranular fine-grained
disseminated cryolite-zircon-cassiterite-pyrochlore-columbite-tantaliteorphyritic topaz phase surrounding the earlier, coarser-grained
xenotime mineralization. crystals. At this scale, the contact between rapakivi or biotite granite

and porphyritic topaz granite is rarely abrupt.
MACROSCOPIC CHARACTERISTICS OF MATRIX ROCK A microgranite phase that is spatially associated with greisens

The contact between biotite granite and porphyritic topaz granite dgcurs as dykes and/or sills, which crosscut the biotite granite and
drill core from the north-west part of the Agua Boa batholith igorphyritic topaz granite. The microgranite varies from 4 cm to 3 m in
commonly formed by a 1 to 40 cm thick zone of matrix rock composéfickness.

of the coarse- to medium-grained biotite granite surrounded by
anastomosing and intergranular masses of fine-grained porphyrMEXTURAL CHARACTERISTICS OF TOPAZ GRANITE
topaz granite. The grains or aggregates of the coarse- to mediurhe topaz phase of the Agua Boa Granite is white-gray to pinkish,
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Figure 2 - Flow foliation observed in the contact between rapakivi and topaz granite forming the matrix rock texture. Drill core portion 30 cm long.

Table 1 - Compositional estimation of the textural sub-types of the Porphyritic Topaz Granite

Tex. Phenoc. Matrix K-fd perthitic Quartz Plagioclase Mica

Type Phen Matr Bulk Phen Matr Bulk Phen Matr Bulk Phen Matr Bull
End 20% 80% 10% 24% 34% 8% 35% 43% 3% 17% 20% 0% 3% 3%
Member (7-35) (65-93) (2-20) (10-30) (30-37) (4-10) (30-40)  (39-48) (0-7) (12-20) (12-25) (0) (3-4) (3-4)
Intermed. 36% 64% 16% 19% 35% 15% 27% 42% 4% 15% 19% 0.4% 3.6% 4%

(20-50) (50-80) (7-25)  (10-30) (20-45) (8-35) (15-38)  (30-55) (0-15) (7-18) (12-28) (0-3) (2-5) (3-5)

Matrix 68% 32% 35% 9% 44% 24% 13% 37% 7% 8% 15% 2% 2% 4%
Rock (55-90) (10-45) (20-45) (2-15) (35-50)  (17-38)  (5-20) (32-43) (0-15)  (3-10) (10-23) (0-3) (0-3) (3-5)

inequigranular porphyritic with commonly rounded quartz and
rectangular white and pink feldspar phenocrysts (0.5 to 3 cm). T
groundmass is homogeneous, fine-grained, and composed of qua
white and pink feldspar, micas (biotite and Li-siderophyllite) ang
primary magmatic and secondary hydrothermal topaz. Granophyj
textures are locally present. The topaz granite contains patches
coarse-grained quartz, mica and fluorite and is cut by mica-qua
veins (greisens).

The porphyritic topaz granite is divided into three textural subtype
according to the abundance and nature of the boundaries of
phenocrysts (Table 1). The subtypes comprise: 1) end-memb
containing less than 50% phenocrysts, regular boundaries;
intermediate type, containing less than 50% phenocrysts, dendri
boundaries probably related to absorption and growth durirg
groundmass crystallization; and 3) matrix rock, containing more the
50% phenocrysts, absorption and growth features ubiquitous.

Based on the modal composition estimated from thin sectio
(Table 1) the three textural subtypes of the porphyritic topaz gran#gyure 3 - Fractured quartz phenocryst with optical continuity suggesting
display a decrease in perthitic K-feldspar and an increase in quartz apsbrption and subsequent growth contemporaneous with groundmass
plagioclase from the matrix rock to the end-member. The amountfofmation.
mica varies only slightly.

The end-member of the porphyritic topaz granite contains coar%f

grained phenocrysts (20%) of subhedral to anhedral K-feldspar Jjgregates may represent parts of the intruded host granite (biotite and

quartz, subhedral plagioclase and rare aggregates of K-feldspar for kivi facies). Perthitic K-feldspar rims (anti-rapakivi texture) rarely

on early plagioclase nuclei. The quartz displays slightly dendrit g&g%,plff'%d?isneé_ T\t/(\;o rt%’gdeiin?_fg?arﬁ]%rédr?@%?di%r;ofgménotgly
boundaries and rare, small quartz clusters with optical and bound triomorphic granular groundmass: and 2) a fine- to very fine-

continuities are observed. Phenocrysts and aggregates of K-feldspar. h ; :
have fine-grained plagioclase and quartz inclusions and less comm ined completely allotriomorphic groundmass resembling a

¢ Ao h h enched” process of crystallization. In the fine- to medium-grained
display granophyric intergrowths with quartz. The plag_loclasg{ undmasquuartz, K-fe)lldspar and albite are subhedral to gnhedral,
Egﬁgi%grgﬁtesr;?gncommonly more Ca-fich in the core as indicated ézle slightly interdigitating boundaries and are enclosed by late
s ) . . hedral K-feldspar. Biotite is commonly interstitial. The fine- to very
The groundmass is commonly fine- to medium-grained a e-grained groundmass commonly occurs close to the phenocrysts
composed of anhedral K-feldspar that is weakly perthitic, anhedral g‘ merges with the medium groundmass. The mineralogical

subhedral and vermicular quartz, subhedral albite and anhe SO L ’

medium-grained green and pale mica (biotite). Quartz and plagiocl rigﬁg'r“%nc;ﬁ asrltr;mar, although the very fine groundmass appears to

slightly interdigite, whereas K-feldspar is late and encloses the former. h ’ : :

Biotite occurs either interstitial to the major minerals or filling cavitigsf | (ngpggghgﬁgf&gt;g; ;Qggﬂ[jaln?;2{;2}’(_5]%?(;?&;fgr?da&gg?g;la}; e

génrﬁllogﬁig'r?n;emﬂ?; %(r)o%r;crim?iiz_wrlgilngh de ;r?ngr;mgg:ﬁmglnc gregates as phenocrysts (68%). Rounded aggregates formed by a
pe . y 9 P eore of sericitized plagioclase surrounded by a rim of perthitic K-

associated with or surround the granophyric intergrowth suggesti dspar and a subsequent external granophyric fringe are common.

more rapid crystallization and higher degree of undercooling. . :
In the intermediate-type quartz, and less commonly K-feldspar aﬁﬂanophyrlc intergrowths only occur on the margins of the rounded

plagioclase phenocrysts (36%) have dendritic boundaries (Fig. 3g9regates. Only quartz is present as individual phenocrysts with
Small quartz clusters with optical and boundary continuities afeSentially dendritic boundaries. , ,
separated by the fine- to medium-grained groundmass, also suggestin he aggregates are interpreted to be relicts of the host rock intruded
fracturing and absorption with subsequent growth as indicated #9d surrounded by the fine- to medium groundmass. Two types of
inclusions of the groundmass in the border of the phenocrysts. T#@undmass are observed in matrix rock samples, a fine- to medium-
formation of dendritic intergrowths suggests a high degree @fained groundmass and a fine-grained groundmass. The features of
undercooling during groundmass crystallization. these groundmasses are similar to those described in the intermediate
Granophyric textures have been observed to surround phenocryigge and the fine-grained groundmass either encloses or is interstitial
and rounded aggregates of K-feldspar. The rounded K-feldsgarthe medium-grained one, indicating that the former crystallized later
aggregates formed on early plagioclase nuclei and display swapjtiean the medium-grained groudmass.
albite rims between adjacent grains. Phenocrysts and roundedThe three types of porphyritic topaz granite have many similar
aggregates of plagioclase are commonly Ca-rich in the core tagtural characteristics, including dendritic and granophyric
indicated by sericitic alteration. The K-feldspar and plagioclagstergrowths, zoned plagioclase and commonly two different types of
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groundmass. Also, biotite generally represents less than 5% of the raggregates of plagioclase and K-feldspar, which are interpreted to be
volume, while topaz generally comprises less than 1% of the roaklicts of the host rocks, are only present in samples with more than
Accessory minerals include fluorite, zircon, monazite, opaque Fe-H0% phenocrysts.
oxides, thorite, columbite-tantalite, cassiterite, xenotime, sulphides andBased on the phase-equilibrium relations in the system albite-
a variety of REE-bearing phases. Opaque minerals occur along trthoclase-quartz-kO determined by Tuttle and Bowen (1958) the
mica cleavage. dissolution of quartz can be associated with a re-equilibration of the
Topaz occurs as: 1) subhedral to euhedral crystals up to 1 mnsystem due to a release of pressure (due to either emplacement or
diameter, and 2) as irregular crystals and crystal aggregates. Topaejsaration of a fluid phase). The phenocrysts in the topaz facies of the
generally associated with albite, and is commonly partially replaced Bgua Boa Granite crystallized at higher pressure and lower degrees of
muscovite. The irregular crystals and aggregates of topaz commounhdercooling compared to the groundmass. Release of pressure would
occur interstitial to other minerals and appear to have formed partly bsve caused compositional disequilibrium in the melt and, in order to
replacement of feldspar (albite, K-feldspar). This suggests that topaadhieve equilibrium at the lower pressure conditions, the system would
both a primary magmatic phase and a secondary, hydrothermal ph&sare consumed mainly quartz until it reached the minimum
Alteration minerals include white and pale mica (Li-siderophylite}composition again. As soon as the minimum was reached, quartz
fluorite, topaz, feldspar and opaque minerals. Topaz, fluorite agdowth would continue but at lower pressure and higher degree of
sericite fill the interstitial miarolitic cavities. undercooling, as indicated by the dendritic texture.
The release of pressure could have been due to either physical
DISCUSSION OF THE TEXTURAL FEATURES The condition during emplacement, or to separation of a fluid phase. The
accessory mineral assemblage and the typical association of columpiaephyritic topaz granite is a late phase, which probably had a high
with cassiterite is an important indicator of the specialized nature of tbentent of water and volatiles, and separation of a fluid phase could
melt that formed the topaz granite. According to Lenharo (1998), thave caused the release of pressure and increase in the degree of
topaz granite is predominantly peraluminous, subsolvus and hasdercooling.
primary sodic plagioclase and topaz. The estimated temperature ofNekvasil (1991), in relation to rapakivi textures, suggested that
crystallization of the melt using Zr concentration as a function of mett,O-saturation prior to or during ascent or upon emplacement of the
composition ranges from 800 to P80 The low temperature magma would result in rapid crystallization of the groundmass
compared with the earlier facies, Al enrichment, presence of topaz dpdessure quench phenomenon) and would not be accompanied by
position in the Q-Ab-Or diagram toward the haplogranite minimurpartial absorption of either quartz or alkali feldspar because of the
melt composition at pressures of 1 kbar suggest that its crystallizatiower H,0 solubility and hence higher solidus temperature at lower
was related to fractionation in a system enriched in volatiles. pressures. Considering this fact, emplacement concomitant with
The presence of the topaz matrix rock, which encloses and intrudksscompression is the major cause of quartz absorption by re-
the biotite and rapakivi facies, establishes the chronological sequepcgilibration of the system at lower pressure. Therefore, in the
of emplacement between these facies. porphyritic topaz granite, the melt became oversaturated after
To permit a magma to ascend through the crust, the viscosity masiplacement and both emplacement and later fluid phase separation
remain low. The increase in crystallinity associated with cooling canay have influenced the subsequent dendritic growth and development
preclude ascent by increasing the viscosity. However, in ascendiofgtwo types of groundmass.
magmas generated from crustal material, the viscosity does not chang&he topaz granite matrix rock at Pitinga has many petrographic
significantly in any P-T path followed (path with cooling andfeatures in common with rocks described by Pitfielal. (1990).
crystallization or adiabatic path with decompression melting) as lomtpwever, the hypothesis considered by these authors for the textural
as the crystal fraction is low enough to assume a Newtonian behavégplution is that the primary phases were consolidated prior to
(30-50% crystals, depending on size and shape) (ldolk 1996). disruption, which is at variance with the petrographic features
Therefore, the boundary between topaz granite (end-member aferved at Pitinga, such as gradational transition and absence of
intermediate-type) and matrix rock was established on 50% albsorption of primary phases. AdditionalBitfield et al. (1990)
phenocrysts that could already have crystallized before ascent of tiemsidered that the formation of microbrecciation, as well as
topaz granite crystal mush. replacement and grain size reduction in the groundmass, occurred at an
According to Nekvasil (1991) the major differences between higladvanced stage of crystallization associated with fluidization.
and low-pressure in the position of th ndersaturated four-phase However, advanced crystallization would form a large volume of
surface (plagioclase, quartz, alkali feldspar and melt) in the granfiBenocrysts and therefore restrict the formation and ascent of evolved
system is the shift to higher quartz contents with decreasing presspiegases such as the topaz granite. Fluidization would also result in
If the groundmass phases represent melt after re-equilibration at lovieamation of quench textures, which are not observed at Pitinga.
pressure, then the groundmass should have higher quartz content thahhe crystallization of the Pitinga matrix rock prior to emplacement,
that of the melt that was in equilibrium with the early-formedas indicated by the abundance of phenocrysts, appears to have been
phenocryst phases. Additionally, Nekvasil (1991) commented that thmall, since the amount of phenocrysts in the end-member is low, and
increase in silica content of the melt that would be required to establishthe other types, phenocrysts are considered to be relicts of the
a new equilibrium could be achieved by partial absorption of quanzimary phases. The groundmass is typically medium-grained and only
phenocrysts. locally resembles quenched material, which would be expected during
The subdivision of the porphyritic topaz granite (Table 1) indicatdhiidization.
that the end-member and intermediate-types have more quartz in thé'he development of the matrix rock at Pitinga is attributed to
groundmass, suggesting at least two stages of crystallization, at higbssure release during the emplacement of the residual topaz granitic
and low pressure. Furthermore, a contrary trend is observed in tngstal mush (30-50% crystals) which intruded the partially crystallized
matrix rock, where the content of quartz is higher in the phenocnysibtite and/or rapakivi granite facies. Under the lower pressure
portion. This is expected, since the phenocrysts are interpretedcaaditions during crystallization and re-equilibration of the matrix
relicts of the biotite and rapakivi facies. The amount of quartock, plagioclase and K-feldspar aggregates of the earlier facies were
phenocrysts as compared to its occurrence in the groundmass suggestserved while quartz was consumed. At low pressure, the
that the topaz granite (end-member and intermediate-type) formedundersaturated minimum in the haplogranite system is shifted to the
pressure release. This pressure release probably occurred duaibie-rich compositions, and quartz growth has recommenced. Later
emplacement. fluid phase separation caused the formation of groundmasses of two
In the porphyritic topaz granite and related matrix rock, quartgrain-sizes, and was associated with formation of microgranites and
phenocrysts are medium- to coarse-grained, generally anhedragteisen-style tin mineralization.
subhedral with irregular dendritic boundaries. Additionally, the matrix
rock of the porphyritic topaz granite has preserved aggregates of K-
feldspar and plagioclase, but quartz is present only as individual
phenocrysts displaying fractures with infilling groundmass, and with
dendritic boundaries. This is consistent with the interpretation of
absorption and subsequent growth of quartz. It is worth noting that
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