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THE SOURCE OF HYDROTHERMAL SCLUTIONS AY PUERTO MAUNABO AND
ITS BEARING ON THE BASE-METAL-PGTASSIUM FELDSPAR'
ASSCCIATION IN PUERTO RICO

By M. H, PEASE;
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Frouns 2.—Simpiifled geologic map of the Punta Tuna
quadrangle, Puerto Rico.

body on the border of the batholith and has been hy-
drothermally altered. The albitized quartz diorite
which shows evidence of deuteric ulteration also is in
eontact with hydrothermally altered volcanie rock. The
texture, mineralogy, and geologic environment of the
porphyry afe similar in many respects to those of in-
trusive porphyries associated with base-metal deposits
in west-central Puerto Rico.

The age of the porphyry of Puerto Maunabo is not
known, but if it is the same as the porphyries associ-
ated with base-metal deposits, us much as 20 m.y. may
have clapsed, according io D. P. Cox (written com-
mun., 1974), between emplacement of the San Lorenzo
batholith and final einplacement of the porphyry.

GEOLOGIC SETTING

The San Lorenzo batholith of Late Cretaceous age is
a crudely circular plutonic complex about 25 km in
diameter. The southern part of the batholith includes
the Yabucon and Punta Tuna quadrangles (C. L.
Rogers, M. H. Pease, Jr., C. M. Cram, and M. S. Tisch-
ler, unpub. data, 1976). The Yabucoa quadrangle is
underlain mostly by granitic-textured rock intermedi-
ate in composition between hornblende-biotite quartz
diorite and biotite-hornblende quaitz monzonite. The
Punta Tuna quadrangle is underlain mostly by albi-
tized quartz diorite having extensive roof pendants of
metamorphosed voleanic rock. The northern boundary
of the albitized quartz diorite appears to be transition-
al and is covered by alluvium and colluvium at the
southern border of the Yabucon quadrangle.

Mosi of the metavolcanic rocks are uniformly dark
greenish gray and in the epidote greenschisi. facies of
metamorphisim. They commonly retain fuint relic tex-
tures and structures that attest to their ovigin as inter-
stratified lauva, tuif, and breccia. At Cerro Piedra
Hueen, near the western edge of the quadrangle, an
area of voleanic vock has heen hydrothermally alteved
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to a very light gray rock composed chiefly of finely
divided quartz and sericite.

The quartz oligoclase porphyry crops out in a rela-
tively narrow arcuate band that passes through Puerto
Maunabo (fig. 3.). It is not a true porphyry; evenly
distributed clots, as much as 30 mm in diameter, of
quariz and oligoclase phenocrysts give to this rock the
appavent coarse texture of a porphyry. The southern
contact of the porp]n'r\' is defined by an abrupt increase
of mafic silicates in the albitized quartz diorite; the
northern contact is gradational, but an indefinite con-
tact was delineated in the field, where pyrite is no
longer present and ‘the porphyritic texture is ne longer
conspicuous.

A section of slmnﬁcd tuff and lava exposed in sea
cliffs at 1’1101(0 \anflbo has been metamor pho:.wl to
dark-greenish-gray hornblende schist. Relic primary
phonocl)sts ave preserved in the metalavas and thinly
layered stratification containing graded bedding is pre-
served in the metatuffs. This section is about 85 m
wide; it trends northward and terminates abruptly at
the southern border of the porphyry. Lenses of pale-
vellowishi-brown' layared felsite nre exposed in two
areas on the north side of the porphyry. One aren is
nearly on strike with the hornblende schist; the other
is about 300 m west, Layering within the castern lenses
conforms generally to the nthtndc of relic bedding
within the hornblende schist. Tn the sccond arca of fel-
site, the layering trends in a nortli-northwesterly dirce-
tion, and associated with lenses of felsite in this tongue
are blocks of float and a few possible outerops of dark-
colored hornblende schist possibly interlayered with
the felsite. The outlines of these felsite lenses ave indis-
tinct because they interfinger with albitic quartz diorite
of similar color und composition. The layered structure
and areal distribution of these felsite lenses suggest
that they too represent bands of metamorphosed vol-

vanic rocks, probably stratified tuffs,
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A medium-gray, commonly porphyritie, diabase dike
forms the crest of the sea elifl’ ai Punta Tuna; it
transects the hornblende schist Jens und the band ef
quartz-oligoclise porphyry and extends northwest-
ward, where it is buried by alluvial depesits. This dike
is about 20 m wide at Punta Tuna and thins northwest-
ward; it is offset by faults of small digpiacement. Simi-
lar linewr dikes also offset by minor faults infrude the
sonthein border of the batholith at. several lovalities.

PETROGRAPHY

Quartz oligoclase porphyry—The quartz oligoclase
porphyry is a light-gray siliceous rock containing al-
most no mafic silicates. Clusters of quartz and oiigo-
clase phenocrysis are evenly distributed in a fine-
grained mutrix of quartz and oligoclase containing
wisps of reddish-brown biotite and rare elinozoisite.
Fine to coarse cubic pyrite amounts to ns much as 10
percent of the rock.

The two distinct. grain sizes in the quartz-oligoclase
porphyry are evidence of alteration and partial re-
piacement. The coarse constituents Liave been partly
resorbed by Inter interstitial material. Turbid oliga-
cluse erystals are deeply emibaved and contain
secondary inclusions of quartz and clear oligoclase;
many of the large yuartz grains are eorvoded. hut
others appear to have been enlarged by nceretion of
secondary quartz to form the phenocrysts that charac-
terize hand specimens.

AWitized quartz diovite—~The albitized quartz di-
orife is variable in texture and compesition, but in
general is a medium-grained holocrystaliine rock com-
posed chiefly of mediun oligoclase, An-20, and quartz,
and having interstitial subledral hornblende and bio-
tite. Oligoclase is turbid brown and altered; it com-
monly shows the relie twinning of a more calcie plagio-
clase. 1t locally forms myrmekitic intergrowths with
quarlz. No potassiunt feldspar vemains in the vock, if it
was ever present, Coarse anhedral erystals of quartz
having irregular extinction compose as much as 50
percent of some specimens; fine-grained secondary
quartz also is found in microveins and interstitially
with albite. Most. hornblende is partly or entirely al-
tered to gramular aggregates of biotite, chlorite, epi-
dote, magnetite, and sphene. Mucl of the biotite, how-
ever, appears to be original and is partly replaced by
clinozoisite and chlorite minerals,

Plutonic rocks just north of the porphyry are inter-
mediate in the transition from albitized quartz djorite
to porphyry, although they have not been mapped as a
separate unit. Fine-grained inferstitial quaitz-oligo-
clase nggregate, identical with the line-grained facies

of the porphyry, oceurs in irregular clots and veinlets
in amounts less than 15 percent. Myrmekitic inter-
groviths of quartz and sodic oligoclase occur in large
unevenly  distributed  patches. Mafic constituents,
which consist. of olive-brown biotite in fine nggregate
clots agsocinted with minor amounts of penninite, epi-
dote, and clinozoisite. amount to less than 5 percent of
the rock. T'rimary hornblende is rare or absent, and
finely divided mugnetite is ubiquitous. This rock evi-
dently grades northward into typical albitic quartz
diorite, but the transition cannot be observed, as the
exposures are surrounded by a broad alluvial valley.
Albitic quartz diorite exposed south of the porphyry
shows no such transition and has the typical texture
and coniposition of that exposed farther to the west
and notth.

Hornblende schist.—The hornblende schist exposed
south of the porphyry consists of an intergranular mo-
saic of sodic andesine and quartz, having stubby sub-
rounded grains of hornblende occurring in clusters and
as discrete erystals. Probable psendomorphs of pyrox-
ene phenocrysts are represented by clusters of horn-
blende showing poorly defined erystal outlines bordered
by magnetite dust. Relic plagioclase phenocrysts have
been so nearly resorbed that, although their optical
continuity is still apparent. their erystal outlines are
obscure. Budding in the tuffs is marked by light and
dark mineml segregation and by sbrupt and, in part;
gradutional changes in grain size parllel to bedding
planes.

Felsite—Thie microscopic texture of the felsite north
of the porphyry is much like the fine-grained facies of
the porphyry. It is a granobiastic mosaic of quartz and
sodic oligoclase containing many patches of mywnekite,
Sheaflike clusters of biotite compose about 2 percent
of the rock, and magnetite is present. The primary
stratification clearly apparent in hiand specimen is al-
most entirely obseured on o mieroscopic scale because
of recrystallization to grain-size diameters gredter than
primary bedding }thicknoss.

ITydrathermally oltered voleanic rock.~—The hydro-
thermally  altered voleanic rock exposed at Cerro
Piedra Hueea is composed almost entirely of quartz
and sericite in a ratio of about 3:1. Clinozoisite occurs
in granular patches, and pyrite is present. In weathered
outcrops, the rock is perforated with irregular-shaped
pores amounting to about 20 percent. of the rock, and
most. pores are lined with a thin rim of dark-reddish-
brown hematite, probably after sulfides.

Diabase dikes—The diabase dikes have a typical
diabasic texture, although masked by deuteric altera-
tion. IPhenocrysts composing as much as 40 percent, of
the rock consist of strongly zoned intermediate plagio-
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64 SOURCE OF HYDROTHERMAL SOLUTIONS, PUERTO MAUNABO

clase, An 40-60, which is sericitized and eontains inclu-
sions and veinlets of albite and hornblende. The horn-
blende is pseudomorphic after pyroxene and is partly
altered to penninite, clinoxoisite, and epidote. Relic
pyroxene is rare. The gronndmuss consists of inter-
locking grains of quartz and sodic plagiocluse having
wisps and clots of homblende, chiorite, clinozoisite,
and, rarely, calcite.

MAGMATIC DIFFERENTIATION AND FORMATION OF
HYDROTHERMAL SOLUTIONS

Exposures in the Punta Tuna quadrangle appear to
demonstrate progressive tages in the formation of
hydrothermal solutions from restdual magmatice liguids
emanating from late-crystallizing magma on the bor-
ders or near the top of the San Lorenzo batholith, The
albitized quartz diorite appears to be the product of :
residual melt derived from a pavent dioritic to grano-
dioritic magma by fractional crystallization in the
presence of o water-rich vapor phase. By this process,
K+ ions were entirely removed, Ca+?, Mg+2, and Fe+?
ions were depleled, and the breakdown of primary sili-
cates vesulted in the formation of hydrous silicates
accompanied by an increase in the relative amount of
free quartz.

The oligoclase-quartz porphyry represents a concen-
tration of later crystallizing volatile-rich magma fur-
ther depleted in basic constituents. A mush of coarse
erystals having interstitial fluid magma evidently was
squeezed upward as an east-{rending dike along a fault
or fracture. In the process of cooling and fina) erystal-
lization, many of the early-formed coarse erystals of
the mush were resorbed by veaction with the vesidual
magma. Along the northetn horder of the porphyry,
this residual magma penetrated for a considerable dis-
tance from the contact fractures and interstices in es-
sentially erystalline albitized quartz diorite. NXenolithic
lenses of metaveleanic rock also were almost enfirely
converted to oligoclase quartz felsite. Conceivably,
these metavoleanic rocks had originally been basaltic in
composition.

Evidence that snggests a basic voleanic origin for the
felsite may be stunmarized as follows:

1. The felsite exposed north of the porphyry is dis-
tinguished from the enclosing albitized quartz
diorite by a conspicnous layering very similar to
that in the hornblende schist sonth of the
porphyry.

2. The composition and microscopic texture of the fel-
site, however, is identical with the fine-grained
clots and veinlets in the surrounding altered alhi-
tized quartz diorite just north of the porphyry.

3. Lenses of the eastern arca of the felsite are nearly
on strike with the hornblende schist to the south,
and the layering is essentially parallel to the lay-
ering in the schist. -

4. No felsite was observed south of the perphyry, but
a few slabs of green hornblende sehist float, per-
haps preserved remnants, ave associated with the
western felsite area north of the porphyry.

During finul crystallization of the porphyry the re-
maining water-rich vapor phase escaped, probably as
hydrothermal solutions via fractures in the overlying
volennic rock, carrying relensed basic ions of Fet?,
Cat?, and Mg*?, and previously mobilized X+ ions.
Evidence in the porphyry of the former presence of
volatiles carrying these ions is indicated by the occur-
rence of ubiquitous pyrite, myrmekite, rare muscovite,
and traces of reddish-brown biotite and clinozoisite.

Lateral and vertical distribution of these hydro-
thermal solutions appears to have been confined to
open conduits within the zone of structural weakness
that permitted emplacement. of the porphyry. The hy-
drothiermally altered quartz-sericite rock exposed ut
Cerro Tiedra HMueca js roughly in line with this zoue
of structural weakness. The solutions that altered the
porphyry at Punta Maunabo also may have altered the
volcanice rock at, Cerro Piedrn Iucca,

This alfered voleanic rock is at the eastern lerminus
of a belt of disconnected outerops of hydrothermally
altered voleanic rock (shown on the metallogenic map
by Cox and Briggs, 1973), that extends northwestivard
toward Cerro Avispa (fig. 1). Iron sulfides have been
found at several localities within this belt, and a po-
tential ore deposit. of quartz veins containing traces of
gold and silver as well as minor sulfides is exposed in
the Cerro Avispa aren. These exposures of hydrother-
mally altered rock almost certainly are alined along a
zone of faulting, not shown on the metallogenic map,
that parallels the principal trend of mineralization in
Puerto Rico.

The hydrothermal alteration appears to Le older
than the diabase dike that cuts the porphyry because
the dike shows no evidence of alteration that cannot be
aseribed to denteric alteration.

ANALOGY TO ENVIRONMENT OF BASE-METAL
DEPOSITION IN PUERTO RICO

Some of the geologie characteristics of copper-min-
cralized arcas in Puerio Rico were presented at the
Fhird Caribbean Geological Conference (Pease, 1966).
This paper concluded that most. deposits of economic
interest are of the parphyry copper type. Among the
cssential features of this type of deposit in Duerto
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Rico are irregularly shaped dikes of porphyritic
quartz diorite within and alined roughly parallel to
one or another of the major west-northwest- to north-
west-trending shear zones of the island. Where not
hydrothermally alteved, this porphyritic intrusive rock
consists of subhedial phenocrysts of allitized plagio-
clase, quartz, and olive-brown horablende and biotite
in a microerystalline groundmass composed chieily of
albite, granular quartz, and chlorite. Plagioclase
phenocrysts and inafic minerals both show evidence of
deuterie alteration.

In mineralized areas, however, both the intrusive and
the voleanic country rock are intensely fractured and
hydrothermally altered. They are strongly zilicified
and sericitized and the primary silicaies have been
essentially desivoyed. Quariz-sulfide veins and caleite
veins fill the fractures. Svme gquartz veins, particulaily
within or closely associated with the intrusive rock,
contain copper-bearing sulfides, and commonly these
veins also contain adularia and magnetite. Sulfides are
also disseminated throughout the highly fractured vol-
canic and intrusive rock, but copper sulfides appear to
be concentrated along the borders of hydrothermally
altered porphyritic quartz diorite. Finely divided red-
dish-brown biotite appears to be a hydrothermal min-
cral intimately associated with these copper sulfides.

The textures nnd composition of the quariz oligoclase
porphyry at Puerto Maunabo have many of the char-
acleristics and associntions of hornblende-quartz li-
orite porphyry stocks associated with the porphyry
copper-type mineral deposits of Puerto Rico (Cox,
Larson and Tripp, 1973). They are highly siliccous
porphyries that contain finely divided conspicuously
reddish-brown hydrothermal biotite and no primary
malic silieates. The similarity is elearly appurent; the
conspicuous differences sre the absence of potassium
feldspar and the absence of base metals at P'werto
Maunabo.

The potassium feldspar, present in the San Lorenzo
bathelith, is not present in the albitized quartz diorite
or in the quartz oligociase porphyry. Yet the occur-
rence of myvrmekite in the porphyry suggests that K+
ions were present in the magma and were segregated
out: during late-stage deuteric alteration that acconr-
panied the release of water-rich volatiles to form hy-
drothermal solutions.

Most of the porphyry-copper-type ore deposits in
Puerto Rico, on the other hand, contain, in veinlets,
hydrothiermal biotite and potassiwt feldspar in addi-
tion to the base metals (Cox, Larson and T'ripp, 1973).
Althongh KX+ jons are not necessarily required to pre-
cipitate base metals from solution, the physical and
chemieal environment that causes the precipitation of
K+ ions, either as biotife or potassium feldspar, ap-
pears to be very similar to that required for precipita-
tion of buse-metal sulfides.

CONCLUSIONS

The quartz oligocluse porphyry cxposed at Puerto
Miumabo appears to be a late-magmatic deuntericaily
altered phase of the San Lorenzo batholith and the
source of hydrothermal solutions that have altered vol-
canic rocks at Cerro Piedra Hueea. A northwest-trend-
ing zone of fractures that extends from Cerro Piedra
Mueca at least as far as Cerro Avispa evidently acted
as an open conduit for passage of these hydrothermal
solutions.

Hydrotherinally altered rock found along many
other northwest- and west-northwest-trending shear
zones probably was altered by similarly derived hydro-
thermal solntions, Where the porphyry intrusive rock
is exposed in these zones, it too is hydrothermally al-
tered and contains sulfides. If hydrothermal potassium
feldspar and biotite are present in veinlets in the high-
Iy fractured porphyry and adjacent country rock, the
sulfices commonly coniain base metals, but. base-metal
sulfides do not tend to precipitate if, as at Puerto
Maunabo, K+ ions have been driven eff prior to crys-
tallization and hydrothermal alteration.
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