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ABSTRACT

The distribution of quartz, topaz, fluorite, chlorite,
nica, feldspars and kaolinite in the Fire Tower zode,
Mount Pleasant area, was determined by quanti-
tative X-ray diffraction analysis of more than 180
sanrples from l0 drill holes in section 406N at the
mine. The samples studied were l5-meter composites
regularly spaced at l5-meter intervals in the drill
holes. The ore zone is associated with a greisen
alteration where original quartzo-feldspathic por-
phyries have undergone intense mineralogical and
chemical modification. Outward from the center
three concentric zones n'ray be distinguished: (a)
an inner quartz-topaz greisen, (b) an intermediate
quartz-iron-rich chlorite-mica greisen, (c) an outer
quartz-mica-chlorite greisen. The inner zone hosts
the mineralization. lt is largely composed of quartz
(60-80%) and topaz (5-28Vo ) with only accessory
layer silicates and marks the locus of the most in-
tense alteration. Chemical analyses indicate that the
alkalis have been almost completely removed from
this zone. The intermediate zone carries 5-257o
chlorite and indicates importa[t addition of iron to
the original rocks. The outer mica zone is broad and
extends beyond the section investigated, Fluorite
(0.5-5Vo) is present throughout the three zones but
is mainly concentrated within the mineralized
quartz-topxz rocks. Hydrogen and fluorine meta-
somatism has resulted in nearly complete alteration
of feldspars throughout the three zones. Both the
quartz-topaz alteration and the W-Mo-Bi mineral-
ization commence near the same depth, presunrably
owing to the nlarked pressure change that acconrpa-
nied the ascent of the hydrothermal solutions into
fractured and brecciated rocks.
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Mount Pleasant, a €t6 d6termin6e par l'analyse dif-
fractom6trique quantitative de plus de 180 6chantil-
lons provenant de 10 forages situ6s dans la r6gion
406N de la mine. Les 6chantillons pr6lev6s tous les 15
mdtres, repr6sentent chacun 15 mdtres de sondage. la
zone min6ralis6e est associ6e i une vaste alt6ration de
type greisen. Les porphyres quartzo-feldspathiques
originels ont subi d'importantes modifications min6-
ralogiques et chimiques. Trois zones d'alt6ration con-
centriques peuvetrt 6tre identifi6es: (a) la zone
centrale est un greisen i quartz et topaze; (b) la
zone interm6diaire est un g;reisen i quartz, chlorite
riche en fer et micas; (c) la zone ext6rieure est un
greisen i quartz-+hlorite-mica. La zone centrale
renferme la min6ralisation et identifie la r6gion oi
l'alt6ration a 6t€ la plus intense. Les roches y sont
surtout constitu6es de quartz (60-80Vo ) et de topaze
(5-28Vo) avec des quantit6s accessoires de phyllo'
silicates. ks analyses chimiques r6vdlent que les
alkalis en ont 6t6 quasi totalement lixivi6s. La zone
interm6diaire qui contient de 5 d 25Vo de chlorite,
t6moigne d'une addition importante de fer aux ro-
ches originelles. La fluorine (0.5-5Vo) est pr6sente
partout dans les fois zones mais se trouve cQncen-
tr6e surtout dans la zone min6ralis6e i quartz et
topaze. Le m6tasomatisme hydrog6n6 et fluor6 a
conduit i la destruction quasi complite des feld-
spaths dans les trois zones. Nous attribuons le fait
que la zone i quartz-topaze et la min6ralisation
W-Mo-Bi d6butent i une m6me profondeur i la
chute de pression des solutions hydrothermales au
cours de leur mont6e dans les roches fractur6es et
b16chifi6es.

INtnopuctroN

The aim of this work is to describe the dis-
tribution of alteration minerals and related
chemical trends in a vertical section across
a well-documented example of greisen-type
mineralization. The work originated with a
project to IREM-MERIt (Pouliot 1973); its
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purpose was to describe, semi-quantitatively,
the distribution of alteration minerals in the
Fire Tower zone of the Mount Pleasant de-
posit in New Brunswick. After encouraging
initial results the work was expanded to en-
compass a larger number of samples and 'was
rendered more quantitative by using improved
analytical methods. Also, a large amount of
chemical data supplied by the Sullivan Mining
Group enabled us to study the distribution of
certain metals in the section investigated.

GENERAL Gsol,ocrcel. SETTING

Brunswick Tin Mines Ltd. is developing in
the Mount Pleasant area of southern New Bruns-
wick, a large W-Mo-Bi body within a silicified
and greisenized subvolcanic felsic intrusion. Two
distinct W-Mo-Bi bodies, approximately 1000m
apart, occur within narrow felsic intrusive units
on the property. The present study is concerned
exclusively with the southern mineralized body
known locally as the Fire Tower zone. The geo-
logy of the area is known principally from HoS-
king (1963), Ruitenberg (1963, 1967), van de
Poll (1967), Parrish & Tully (1971) and Dagger
(1972). Ruitenberg (1967), Dagger (1972) and
Petruk (L973) have provided detailed accounts
of the ore mineralogy and alteration in the depo-
sits. Parrish (1977) has given an up-to-date list
of the minerals identified in the deposits.

The Mount Pleasant area is located near the
northwestern margin of the Middle Devonian
St. George batholith (Frg. 1).The batholith was
emplaced during the Aoadian orogeny; after-

Frc. 1. Geologlc framework of the Mount Pleasant
area.

wards, in Early Carboniferous times, the region
was the site of important tectonic activity
marked by fracturing, major wrensh and block
faulting and associated volcanic activity (Ruiten-
berg L967, 1972). The siliceous volcanic rocks
of the Mount Pleasant area and associated W-
Mo-Bi-Zn-Sn mineralization were formed dur-
ing that period. The voloanic rocks comprise
gently dipping zoned ash-flow tuffs of qvaftzla-
tite composition and an extrusive unit separated
into two formations, the Rothea porphyry and
the overlying Sealy porphyry. On Mount Pleas-
ant itself (Fig. 2), intrusive feldspar porphyry
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Frc. 2. Geology of Mount Pleasant area (modified from Ruitenberg (1967),
with additions by the geological staff of Brunswick Tin Mines Ltd.).
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considered equivalent of the extrusive Rothea
porphyry has been invaded by two plugs of dis'
tinctly finer grained quartz-feldspar porphyry.
The latter has variously been named lithic tuff,
altered banded quartz feldspar porphyry (Rui-
tenberg 1963, 1.967), tuffite (Parrish & Tully
l97l) and fine-grained porphyry @agger 1972).
Tully (pers. somm. 1977) definitely hesitates
in correlating the intrusive feldspar porphyry at
Mount Pleasant with the extrusive feldspar por-
phyry (Rothea) lying further to the north. He
considers the Mount Pleasant volcanic rosks as
forming a separate basin, distinct from the one
generally referred to as the Mount Pleasant ap-
pendage.

The finer grained quartz-feldspar porphyry'
here designated as the Mount Pleasant porphyry'
occurs as two plugs approximately 1200m apart,
regarded by most investigators as sites of forrner
volcanic vents ot necks (Hosking 1963, Ruiten-
bery L967, Dagger L972). The shape, siee and
composition of the plugs and the presence in
them of numerous breccia pipes and dykes (Iait
1965) clearly support zuch an origin. Recent
geological inforrnation from deeper probing
(Parrish & Tully L977) indicates that the Mount
Pleasant porphyry is in contact at depth with a
fresh-looking, little altered quartzofeldspathic
rock called transition rock. The latter grades at
depth into microgranite that probably underlies
most of Mount Pleasant.

The two large zones of W-Mo-Bi mineraliza-
tion present in the northern and southern plug
of Mount Pleasant porphyry Fig. 2) are called
the Northern zone and the Southern or Fire
Tower zone respectively. W-Me-Bi mineraliza-
tion occurs in both as disseminations and nar-
row veinlets in fractured, brecciated, silicified
and greisenized porphyry. The main ore min-
erals are, in order of abundance, arsenopyrite,
wolframite, molybdenite and native bismuth.
Genetically related to this episode of mineraliza-
tion, but irregularly related to it in space, is a
base'metal-type Zn-Sn-Cu-Pb-In mineraliza-
tion. This sulfide mineralization is scattered as
nurnerous occurrences, veins, pods, mineralized
pipes, within and above the deeper-seated W-
Mo-Bi mineralized zone. Principal minerals are
sphalerite, chalcopyrite, galena, cassiterite, stan-
nite and arsenopyrite.

The rocks on Mount Pleasant show various de-
grees and types of alteration. The alteration min-
erals related to mineralization are principally
qaaftz, mica, chlorite, topaz, fluorite, kaolinite
and feldspars. Ruitenberg (1967) recognized two
centres of strong silicification and greiseniza-
tion, each coinciding with one of the intrusive

plugs (Fig. 2). These centres ate surrounded and
joined by a broad zone of silicification and
chloritization: a third zone of chlorite alteration,
approximately 300m wide, surrounds the second
zone. Similarly, Da'gger (1972) described a cen-
tral zone of silicification and topaz and fluorite
formation, surrounded by a zone dominantly of
chloritic alteration with less pronounced silicifi-
cation. Panish & Tully (1971) have distin-
guished and shown diagrammatically the distri-
bution of silicic, chloritic, hematitic, fluoritic,
potassic and sericitic alterations. The pattern
of distribution is complex and the abundance of
these minerals can vary much over short dis-
tance$.

The Fire Tower zone

This study is concerned solely with the South-
ern or Fire Tower zone. At the surface, the in-
trusive plug is 400m long and 150m wide; it is
550m long and 300m wide at sea-level elevation
(335m below the surface of Mount Pleasant). A
large part of the Fire Tower plug is strongly
silicified and greisenized to the extent that orig-
inal textures and structures are largely obliter-
ated. Results of deep drilling and of our min-
eralogical investigation indicate that the greisen
zone extends vertically to a depth of approxi-
mately 390m; it bottoms fairly uniformly at ele-
vation 6Om below sea level where it is underlain
by progressively less altered felsic rocks. The
transition from highly altered rocks to less al-
tered rocks takes place over a vertical range of
120m, from elevation 30m above sea level to
90m below sea level. The main W-Mo-Bi
mineralization lies in the lower part of the grei-
sen zone (Fig. 3).

Metrruers eNp MstHops oF SrUDY

Study material was provided to us as a series
of homogenized powdered core samples, each a
composite representing a 15m length of core.
These samples were obtained at 15m intervals
from ten drill holes contained in section 406N
across the Fire Tower zone (Figs. 3, 4). Thus,
more than 180 samples, including some larger
cornposite samples, were examined in the pre-
sent study. Because each sample analyzed repre-
sents the average mineralogy of a 15m section
of core, our study attempts to depict quantita-
tively the overall or bulk alteration pattern as-
sociated with mineralization. This needs to be
stressed, for concentrations reported here would
differ appreciably from estimates obtained from
a similar study based on hand specimens. As
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Frc. 3. Geologic section 406N across the Fire Tower zone, illustrating the
location of samples used in the present study,

fractures and breccias are important features in
controlling alteration (Dagger 1972, Petruk
1973), these structures are locally the sites of
intense alteration characterized by nearly mono-
mineralic assemblages, such as quartz and topaz-

rich rocks, kaolinite-rioh pipes, and massive
chlorite seams. The study of composite samples
permits us to smooth out these high values and
depict the broader pattern of alteration and metal
distribution.
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Quartz, fluorite, topaz, feldspars, chlorite and
kaolinite were quantitatively determined in the
samples by means of diffractometer techniques.
Standard mixtures of these minerals were pre-
pared in a finely ground quartz matrix and used
io establish working curyes. Details of the meth-
ods used are given in appendix form at the end
of the paper.

Although surprisingly low limits of detection
and good reproducibility could be achieved,
some assumptions and simplifications were ob-
viously necessary in dealing with the more com-
plex mi.neral groups zuch as layer silicates. Dark
green iron-rich chlorite from the Fire Torver
zone (hole 115, 112.5m) was used as a standard
for the working curve and all chlorite analyzed
were assu.med to be of this type, although both
14A and 7A chlorites and a third variety have
been identified (Petruk 1973; pers. comm. 1975)'
Likewise, serpentine roported by Petruk (1973)
has a basal reflection that would interfere with
that of chlorite; it has not been considered in
the present work. Well-crystallized normal 7A
kaolinite was used as standard for the working
curve although both normal 7A kaolinite and
dickite have been identified in the deposit (Dean
1964). Similar simptfications were also neces-
sary in determining the micas. Common musco-

vite was used for the working curyes even though
several micas (hydromica, sericite, muscovite,
lepidolite and secondary biotite) have been re-
ported.

Reproducibility tests on artificial mixtures al-
lowed us to estimate at approximately tO%
the relative acsuracy of determinations of
amounts of simple m.inerals such as quartz'
fluorite and topaz. Because of the assumptions
and simplifications used in dealing with the
layer silicates, fhe relative accuracy of those de'
terminations is somewhat lower than the esti'
mates derived from the reproducibility tests,
and probably of the order of. ! 2O%o. However,
th.is lower accuracy seems quite acceptable, as
distributions outlined for these minerals are well
corrobo.rated by the chemical data on the sam-
ples.

A large amount of chemical data was provided
by the Sullivan Mining Group. Each diamond-
drill core has been atalyzed in 3m sections at
the mine for W, Bi, Mo, Sn, Cu, Zn,Pb and As
by X-ray fluorescence methods. These determin-
ations have been checked repeatedly by com-
mercial laboratories. In the present study, these
data have been weighed n L2 to 15m samples to
compare with the mineralogical sections. Simi-
larly, all drill core from holes studied in section

TABT.E L. csxurcar. ANALysEs oF RocKs FRoM THE FIRE Tot{ER zore (l)
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406N was analyzed at the mine for Fe, C4 Ti,
K and Al by an X-ray fluorescence method.
Although not strictly quantitative (a simple tech-
nique using pelletized powder was used), these
data have been used to illustrate the chemical
var.iations in section 406N. To complement these
data, and in order to estimate bulk chemical
changes in the Fire Tower zone, chemical anal-
yses were obtained for a series of large com-
posite samFles, some involving nearly 1000m
of core. Details concerning the composite
samples are given in Table 1.

All diagrams illustrating mineral and metal dis-
tributions in the present work were derived by
computer programs developed by one of us (M.
D.) The program first analyzes the spatial auto-
correlation of the data and from this, provides by
krieging an optimal interpolation. The inter-
polated surface is represented by bicubic splines
(program COVPAC) and contours are drawn by
computer from the spline representation (pro-
gram NIVEAU).

DtsrnnutroN oF ALTERATToN MINERALs

Topsz

The distribution of topaz outlines well the
centre of the alteration pattern (Fig. 5). Topaz
is largely confined to the intrusive plug of Mount
Pleasant porphyry where it forms a zone nearly
240rn wide and extending from surface to a
depth of about 360m. The maximum topaz con-
tent recorded in a single sample is 28 wt. %o
whereas the average content in the portion of
the intrusive plug sampled is approximately
l4%. lts detection limit is 2 wt. % .

The distribution of topaz is asymmetric with
regards to the gontacts of the intrusive plug, as
indicated by the presence of several maxima
close to the western contact of the plug. Out-
wards from the contacts, topaz content decreases
rapidly and the mineral is generally not detected
in specimens located more than 90m frorn the
plug. The outline of the W-Mo-Bi mineralized
body in section 406 appears to coincide with
two important topaz maxima (Fig. 5); below
the m.ineralized body, topaz content decreases
gradually and the mineral is almost absent from
rocks located deeper than elevation -60m.

In general, the topaz content of the rock in-
creases u,pward; regions of high topaz alteration
coincide with regions of high silicification. To-
paz is also inversely correlated with chlorite*
mica*feldspars. A poorly defined and possibly
insignificant correlation with fluorite may exist
for regions of lolv to moderate (<-10%i topaz

content. Cell-edge determinations of six topaz
concentrates from the zone, using the data of
Rosenberg (1967), indisate tlat the mineral has
a high fluorine content (l8.5Vo), close to fully
fluorinated topaz Q0,7Vo). Fluorine content of
topaz varies only slightly (17.9 to L9.2Vo) and
does not seem to reflect height in the alteration
zone.

Quartz

Quartz dominates the mineralogy of all sam-
ples, with concentrations ranging from 45 to 80
wt.% , What is determined by the X-ray diffrac-
tion method is the bulk quartz content, which
includes 1) original quartz in the rocks, 2)
quartz liberated during the alteration of feldspars
to micas, chlorites and topaz, and 3) introduced
or vein quartz. As evident from silicified and
quartz-veined fragments in breccia pipes and
dykes (Tait 1965), silicification proceeded early
in the development of the mineralized zone.
Petruk (1973) recognized three stages of silicifi-
cation which probably proceeded more or less
continuously d.uring the evolution of mineral-
aation. These relations probably account for the
pervasive distribution of quartz in the alteration
zone (Fig. 6).

The average quartz content of tle portion of
the intrusive plug above sea level is approximate-
ly 60 wt.Vo; it is less than this (50-55 wt.Vo) at
elevations below sea level but increases toward
the surface to 65--7OVo. Although the distribu-
tion of quartz is broader and more diffuse than
that of topaz, the main regions of intense silici-
fication coincide with regions of high topaz con-
centration. Both minerals seem to increase with
height in the intrusive plug, suggesting that the
qvartz4opaz greisen zone might have extended
to a significant height above the present erosion
surface of Mount Pleasant.

Feldspars

Although orthoclase and albite could be de-
tected in amounts as low as I wt.Vo, one of the
most remarkable features of the alteration zone
is the almost complete alteration of feldspars
in the original quartz-feldspar porphyry (Ftg. 7).
Indeed. within a 24Om radius from the surface
centre of the quartz-topaz znne, feldspan have
been almost totally altered to mica, shlorite and
topaz, this alteration resulting from hydrogen
and fluorine metasomatism (Dagger L972).

The orthoclase content of the qtrartz-topaz
zone is generally less than 2 wt.Vo (Fig. 7).
Minor concentrations slightly in excess of this
value have been encountered in rare samples;
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Frcs. 5-8. Distribution of topaz, quartz (silicification), orthoclase and chlorite in section 406N.

these may contain feldspars that escaped altera-
tion or possibly feldspars resulting from local
feldspathization such as described by Dagger
(1,972). Albite follows a pattern similar to that
of orthoclase except that its concentration is
lower, perhaps reflecting its greater susceptibility
to alteration.

'Primary potassium feldspars can be detested
only in the less altered rocks beneath the W-
Mo-Bi zone and in some samples from drill
holes located in the flanks of the alteration zone.
Feldspar content .increases {vith depth beneath
tle mineralized body. Here, the rocks are fresher
and contain subhedral perthitic potassium feld-
spars and accessory biotite. These rocks prob-
ably correspond to the transition rock recogrized
by Parrish & Tully (1977).

The X-ray work failed to identify a possible
pre-greisen phase of feldspathization (the apo-
granite stage) common to many greisen occur-
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rences (Stemprok 1970, Janecka & Stemprok
1,967). ff this alteration occurredn it was prob-
ably removed either by erosion or by the partic-
ularly intense greisenization reactions.

Chlorite and tnicas

The limitations and assurnptions introduced in
the X-ray analysis of micas and chlorite, as dis-
cussed earlier, mainly involve assuming constant
composition and mineralogical types for these
layer silicates. Detection limits obtained for
chlorite and mica in a quartz matrix are L and 2
wt.%, respectively.

Chlorite forms a well-defined aureole man-
tling the quartz-topaz zone (Fig. 8). The mineral
is practically absent (less than 3%) in the grei-
sen above the W-Mo-Bi mineralized body and
is concentrated principally along the margin of
the quartz-topaz rockn where individual samples

TOPAZ
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may exceed 25Vo chlorite. As for silicification
and topaz formation, the chlorite zone appears
more intensely developed along the western side
of the intrusive plug. In fact, the isolated chlo-
rite maxima shown on the western side of the
plug (Fig. 8) may be a continuous vertical zone,
nearly 120m in width alongside the intrusive
plug. The presence of significant chlorite at
depth, below the W-Mo-Bi mineralized body,
attests to the gradual termination of the quartz-
top{rz zone.

As evident from X-ray and chemical data
(Fetruk L964), the chlorites are iron-rich, prob-
ably of the thuringite type @agger 1972). Their
distribution on the border zone of the quartz-
topaz greisen involved important addition or re-
distribution of iron.

The micas, principally sericite or muscovite,
are peripheral to the quarlz-topaz zone (Fig. 9).
Mica is pmctically absent (less than 3Vo) from

the part of the quartz-topaz greisen above sea
level; its concentration increases away from the
greisen. The mineral coexists with chlorite in the
chlorite zone but is most abundant away from
the chlorite zone, as indicated by prominent mi-
ca concentrations in the upper part of drill
holes 110 and 115. The presence of significant
mica at depth below the W-Mo-Bi mineralized
body concurs with chlorite distribution in point-
ing to the gradual downward termination of the
quartz-topaz rock.

The high degree of alteration in the western
part of section 406 (Fig. 9), indicated by hrgh
mica and very low feldspar contents, is perplex-
ing. It is not yet known whether the increase in
micas near the western limit of section 406N is
related to alteration that centres on the intrusive
plug or whether this part of the section was sub-
jected to a separate quartz-mica-fluorite altera-
tion.
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Frcs. 9-12. Distribution of mica (sericite), fluorite, kaolinite and total iron (Felog) in section 406N.
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Fluorite

Fluorite is present in all samples studied, with
concentrations ranging from 0.5 lo SVo. Despite
low concentrations and a somewhat diffuse dis-
tribution (Fig. 10), the principal fluorite concen-
trations seem to occur within the quartz-topaz
zone. A principal fluorite zone coincides and
underlies the W-Mo-Bi mineralized body. Fluo'
rite of various colors has been observed in the
greisen zone, in cases associated with tin and
base-metal mineralization (Ruitenberg 1'963;
Petruk 1973). These cases probably account for
the isolated fluorite highs in the upper pafr of
the intrusive plug. The ubiquitous distribution of
fluorite in the rocks and the prominence of the
quartz-topaz zone attest to the important role
of fluorine in the mineralizing processes. The
concentration of fluorite near the W-Mo-Bi
mineralized body is probably significant when
considered in the light of the chemical studies
of Studenikova et al. (1970). These authors have
underlined the role of calcium, precipitating as
fluorite, in inducing the precipitation of tung-
sten from potassi.um oxyfluorotungstate-bearing
sohrtions.

Kaolinite

Kaolinite was determined from HCl-treated
samples (see appendix) with a detection limit of
0.5Vo . Trace to distinct amounts, rarely reaching
as high as 3/o, can be detected in most samples
(Fig. 11). In some undergxound workings, the
mineral is concentrated in specific strucfures
such as kaolinite-rich pipes and wgs (Ruiten-
berg 1967; Dagger t972). b is probable that
much of the kaolinite ,from these structures was
washed away during drilling, thereby introducing
a negative bias in the bulk estimation of the min-
eral. In spite this bias, however, examination of
the kaolinite profile along individual drill holes
indicates that the soncentration of the mineral
increases with height in the alteration zone (Fig.
11). Kaolinite occurs principally in a broad zone
extending above the W-Mo-Bi mineralized
body. The distribution of kaolinite seems to
crudely parallel the pattern of base-metal min-
eralization, suggesting that the mineral was asso-
ciated principally with the sulfide phase of min-
eralization.

several chemical analyses of unaltered Mississip-
pian volcanic rocks of the Mount Pleasant area.
Dagger distinguished two groups based on SiOs
and TiOs contents. The low SiOr, high TiO,
group consists of latite or feldspar porphyry
(no. 1, Table 1) the high SiO:, low TiOg rocl$
correspond to quartz latite or quartz-feldspar
porphyry (no. 2, Table 1). Dagger also provided
evidence that tle TiOa content of the rocks was
not appreciably modified during alteration and
could be used as a differentiation index. Based
on this index, Dagger considers the TiOrpoor in-
trusive plug of Mount'Pleasant porphyry as a
late differentiate related to regional acid mag-
matism. Because of pervasive alteration, there
are no unaltered equivalents of the Mount
Pleasant porphyry. However, its low TiOs con-
tent (0.2 to ,1"3 wr..Vo) suggests that its original
composition was comparable and slightly more
felsic than that of the quartz-feldspar por'phyry.
For comparison purposes, we may reasonably
assume that intrusive Mount Pleasant porphyry
had the following approximate composition:
SiOr-76Vo, .Alfua-l{Vo, AaOnO.4Vo, TiOz-
0.A5%, MgO*O,3/o, FezOs-L.3Vo, KtO-S/o
and NazO-3%.

Iron

The distribution of total iron, expressed as
FerOr, is shown in Figure 12. Although some of
the iron in the rocks is locally contributed by
sulfide minerals, mainly arsenopyrite and spha-
lerite, the distribution of iron follows fairly
closely the distribution of chlorite (Fig. 8). rye
iron contents depicted on the diagram may be
slightly overestimated, especially those in the
qualtz4opaz, zone, trs some contamrnatron, pos-
siUty O.S 1o L%, was introduced at the mining
property in pulverizing the rocks with a steel
pulverizer. The average Fesos content of the
ihlorite zone is approximately 77o whereas the
major part of the quartz-topaz greisen contains
only 2 to 4Vo FeaOs. Cornparison of these values
witl that estimated for the fresh Rothea porphy-

ry and least affected Mount Pleasant porphyry,
{.6/o and !.3Vo respectively, shows that an im-
portant addition or redistribution of iron accorn-
panied mineralization.

Potassium and sodium

CHnlrrcel TRENDS oF RocK Artrne1'toN One of the mogt significant. effects of the
alteration has been the extensive removal of

The chemical effests of rock alteration are potassium from the rosks of the intrusive plug'

best emphasized when considered in the light The KrO content of the quartz-topaz grersen rs

of the original fresh-rock chemistry. Dagger generally less than L%o, compared with- a p19b-

(1972) discussed the geochemistry ani provid'ect aUte orllinat content of approximately 57o. T\e
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Frcs. 13-14, 16-17. Distribution of Kro, ca and ore elements w, Bi. Mo, As in section 406N.

potassiu'm distribution (Fig. 13) essentially fol-
lows the combined mica and orthoclase aiitritu-
tion. The progressive increase in KzO on either
side of the greisen is due mainly to mica whereas
the buildup of potassium underneath the W-Mo-
Bi mineralized body reflects the presence of
mica and progressive increase of K-feldspar with
depth.

Sodirm was not systematically analyzed in the
samples studied. However, chemical analvses of
composite samples from the greisen and i{othea
country rocks indicate extensive removal of so-
dium (Table 1). The greisenized intrusive plug
is practically devoid of sodium: O.08Vo NarO in
contrast to an inferred original content of ap-
proxi,mately 3Vo. Likewise, Rothea porphyry
from the distant flanks of the alteration zone
(11 & 12, Table 1) have much lower sodium
content than the original Rothea porphyry, in-
dicating that the aureole of sodium leaching is

as extensive and possibly larger than that of po-
tassium removal.

Calcium

A generally low calcium sontent characterizes
the fresh volcanic rocks of the Mount Pleasant
area (1 &2, Table 1). From previous discussions,
we assume that fhe intrusive Mount Pleasant por-
phyry also had a low original calcium content,
probably comparable to that of the Rothea
quartz-feldspar porphyry. The post-alteration
calcium values (Fig. 14) seldom reach such low
values; the distribution of calcium closelv fol-
lows that of fluorite (Fig. 1l) and locally reaches
concentrations in excess of. 3Vo. Thus calcium
was added as fluorite in the alteration zone; its
origin probably involved leaching of calcium
from rocks at depth by fluorinated solutions and
precipitation as fluorite in the fractured and
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brecciated greisen zone.

Titanium

Dagger (1972) bas presented evidence that
the TiOg content was not appreciably changed
during alteration. The TiOr content provides a
useful criterion at the mine for distinguishing the
low-TiOs Mount Pleasant porphyry from the
surrounding higher-TiOr Rothea porphyry. The
TiOz distribution in section 406 is shown by
means of a computer-derived block diagram
(Fig. 15). The low-TiOe trough on the diagram
(rocks between .02 and .LOVo TiOz) outlines the
intrusive plug of Mount Pleasant porphyry; the
valley walls, containing .2 to .3% TiOz, corres-
pond to tle enclosing Rothea porphyry.

Aluminum

Because the X-ray fluorescence method used
in the systematic analysis of the rocks did not
incorporate absorption corrections, alumina
values are not sufficiently accurate to enable a
i;raphic display of the behavior of Al. However,
examination of the alurnina content of large
composite samples from the Fire Tower zone
(3-10, Table 1) does suggest that some aluminum
was lost during alteration. The greisenized plug
has fairly uniform AlgOs content (-IO.6%), ap-
proximately 2 to 4Vo less than that estimated for
the fresh quartz-feldspar porphyry. This loss,
however, may be somewhat exaggerated because
of the poor recovery of layer silicates during the
drilling. In spite of this, the AlgOg decrease may
well be real; Al leached at depth may have been
redeposited in the upper parts of the Fire Tower
zone, possibly to form topaz-rich or kaolinite-
rich zones.

Silicon

X-ray diffraction analyses have shown that
quartz is the major constituent of all samples
from the Fire Tower zone, ranging from 45Vo
to 80Vo. This amount of quartz, greater than
that in the unaltered porphyries, results from the
combined ef,fects of the alteration of silica-rich
minerals such as feldspars, and the presence of
numerous quartz veinlets which invaded the al-
tered rocks. The presence of such veinlets and
the spectacular transformation of sizeable vol-
umes of porphyry into a white, glassy-looking,
highly siliceous rock made up essentially of
quartz and topaz attest to the intensity of silici-
fication. The importance of silicification raises
the question of the overall chemical gains and
losses in the porphyry rocks during alteration.

Ftc. 15. Computer-derived three-dimensional dia-
gram illustrating TiO, distribution in section
406. The highest peak corresponds to 0.30%
TiOs and the minimum to approximately 0.02%
Tior.

Although the chemistry of the Mount Pleasant
porphyry prior to alteration may be reasonably
approximated on the basis of its TiO, content,
basic information required for gains-and-losses
calculations, i,e,, Ihe extent of volume change in
the fractured and brecciated porphyry, the hy-
drogen concentration in the altered rocks and
the specific gravity of the analyzed core sample,
is lacking. Howevet, il constant volume is as-
sumed and large volumes of altered rocks are
considered by means of composite sam,ples (3-
10, Table 1), it is evident that significant
amounts of iron and calcium were added to the
rocks vrhereas the bulk SiO, content did not
change appreciably. This strongly suggests that
changes in the silica content of large volumes
of rocks were comparatively slight or negligible,
and that silicification proceeded principally by
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local dissolution of silica and redeposition or re-
distribution in nearby fractures.

Ons-Msrer, DlsrnrsurtoN

Whereas modification of the major-element
chemistry of the rocks by alteration may con'
ceivably be interpreted in terms of the sombined
effects of contemporaneous leaching and redis'
tribution of leached materials, the intrusive plug
was also significantly mineralized with the in'
troduction of an impressive suite of elements,
principally F, As, W, Mo, Bi, Zn,Cu, Sn, Pb and
In. Detailed paragenetic studies of the ore min.
erals have been provided by Petruk (1964, L973),
Ruitenberg (1.963, L967) and Dagger (1972).
Though differing in minor details, the various
parageneses proposed recognize the early de-
velopment of the W-Mo-Bi mineralization ac'
companied by arsenopyrite and minor cassiterite,
followed by a base-metal phase of mineralization
involving principally 7n, Cu, Pb and Sn min'
erals. Because of the complex mineralogy of
the late sulfides and their uneven distribution
controlled to a large extent by vein structures'
section 406 provides only an incomplete picture
of the metal distribution in the Fire Tower zone.
fn spite, of this, the graphic representation of
the ore metals in this section support the two'
fold paragenetic sequence recognized by earlier
workers.

Within the quarta-topaz greisen, a twofold
vertical zoning about a separation plane at ap-
proximately *150m elevation appears signifi-
cant. The lower zone hosts the principal W-Mo-
Bi mineralization (Fig. 16). The base of the min-
eralized zone coincides with the base of the
q! rtz-topaz greisen whereas the centre coin-
cides with regions of intense topaz formation
and silicification (Fig. 5). The principal Mo
values tend to lie near the base of the rnineral-
ized mass whereas the coincident maxima in W
and Bi distribution lie slightly above the Mo
values. As for the topaz and quartz distributions,
the higher metal values lie in the western part
of the greisenized plug. Significant amounts of
arsenopyrite accompany W-Mo-Bi mineraliza"
tiono as shown by the welldefined concentration
of arsenis (Fig. 17) straddling the upper half of
the mineralized body. The two-fold distribution
of arsenic in section 406 tends to support the
paragenetic sequence of Petruk (L973); the early
deposition of arsenoEryrite seems to have con-
tinued until the beginning of the base-metal
phase of mineralization.

Tin, zinc and copper values are not abundant
in section 406. Their distribution is shown
schematically on Figure 18, where areas of

significant concentrations have been contoured.
Tin has only minor importance and seldom
reaches concentrations higher than 0.057o Sn;
higher concentrations occur only rarely and lie
above the W-Me-Bi mineralized body. The co'
incidence of high tin and zinc values probably
reflects the comrnon association of stannite with
sphalerite. Low contents of zinc, between .03
and .20V0, are fairly common in the upper part
of the greisen. The higher zjnc concentrations,
between .30 and .5O7o, form isolated highs im'
mediately above the zone of W-Mo-Bi mineral'
ization. $imilafly, although low copper values
between .02 and .OSVo occut sporadically in the
upper paft of the greisen, the highest concll'
traiioni between .10 and .25Vo te located with-
in the W-Mo-Bi mineralized mass, slraddling
the W, Mo and Bi maxima.

SunarltenY eNo DlscusstoN

The mineralization in the Fire Tower zone is
associated with a prominent quartz-topaz gleisen
developed within a narrow neck-line felsic intru-
sion (Mount Pleasant porphyry) which marks
the site of a former volcanic vent. The original
quartz-feldspar porphyry has been intensely mo-
dified both mineralogically and chemically.
Considering that the original Mount Pleasant
porphyry and enclosing Rotlea porphyry had
almost identical mineralogical and chemical
compositions, the locus of alteration, its intensity
and its zonal distribution in all likelihood result
from the favorable physical conditions provided
by the highly fractured and brecciated neckJike
intrusion. The distribution of several topaz maxi-

Frc. 18. Distribution of Zn, Cu and Sn in section
406N.

O za'(.n-.m*)
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ma and centres of intense silicification near the
border of the intrusive body reflect the structural
control afforded by the Mount Pleasant por-
phyry.

The overall pattem of alteration is well re-
vealed by the study of weighted core sam'ples.
The alteration pattern is concentric with respect
to the centre of the intrusion, as similar mineral-
ogical and chemical variations are encountered
laterally or vertioally dovmward from the in'
trusion. From the centre outward, three greisen
types or zones (A, B, C) may be distinguished
on the basis of mineralogical and chemical data:

A) An inner quartz-topaz greisen, approxi-
mately 25Om wide and approximately 400m
deep, marks the locus of most intense alteration.
The rock is composed mainly of quartz and to-
paz and carries only accessory amounts of layer-
silicate minerals. Besides irnportant additions of
ore elements, principally As, W, Mo, Bi, Zn, Sn,
Cu, Pb and particularly F, metasomatic pro-
cesses resulted in the almost complete leaching
of sodium and potassium from the quartzo-
feldspathic rocks. Whereas some alu'minum was
possibly removed, significant amounts of cal-
cium and iron were added to the zone, the
former as fluorite and the latter as iron-rich
chlorite and arsenopyrite. Despite strong silici-
fication, the.bulk silica content of large samples
was not appreciably changed, suggesting that
most of the silica was derived locally.

B) An intermediate quartz-iron-rich chlo-
rite-mica greisen forms a mantle around the
quartz4opaz zone. The chlorite zone is 100 to
150m wide and reaches maximum chlorite con-
centrations some 50m from the contacts of the
intrusive plug. The high concentration of
FerOa (-6Vo) in the chlorite zone attests to the
important addition of iron to ttre original
quartzofeldspathic rocks.

C) An outer quartz-mica--chlorite greisen
marks the transition from altered to nonaltered
rocks. With the gradual decrease in chlorite, the
mica content increases outward. Locally, near
the edge of section 406 approximately 300rt
from the centre of the quartz-topaz greisen'
remnants of orthoclase and leached biotite are
prgsent.

Small amounts of fluorite are present in all
samples from the three zones. However, the
principal fluorite concentrations are found
within the minemlized quartz-topaz zone and
probably result from an intirnate association
with the various phases of mineralization. Si-
milarly, small amounts of kaolinite are widely
distributed throughout the altered rocks. The
tendency for kaolinite to be slightly more abun-

dant in the upper part of the greisen probably
reflects its association with base-metal sulfide
mineralization. A gross vertical 2clning is also
apparent in the distribution of metals, with Mo,
W and Bi concentrated at depth near the base
of the quartz-topaz greisen and Zn, Pb, Cu and
Sn lying above.

The gradual and uniform bottoming of the
quartz.-topaz, greisen and of the W-Mo-Bi min-
eralization at the same depth in both the Fire
Tower and the North zones is significant. The
determining role of pressure gradients over tem-
perature gradients in inducing precipitation from
ascending hydrothermal solutions has been
stressed by several workers (Laffitte 1963;
Ivanov 1970; Jankovid 1970; Pouba 1970).
The rnarked pressure drop resulting from the
access of the hydrotlermal solutions into the
fractured and brecciated parts of tle intrusive
plugs at Mount Pleasant was a determining fac-
tor in initiating at this level both hydrothermal
alteration and deposition. Although specimen
coverage of the rock enclosing the greisenized
intrusive plus permits only a generalized picture
of the alteration zones, their concentric distribu-
tion about the greisen may be related to a pro-
cess of outward migration and di'ffirsion from
the center of intense alteration. In this process'
important amounts of iron, either introduced ot
leached at depth and red'istributed, were added
to the enclosing Rothea porphyry to form the
chlorite zone. The action of hydrogen metaso-
matism (Hemley & Jones 1964) with resulting
destruction of feldspars to form mica and libera-
tion of silica and alkalis, proceded to a large
distance outward from the quartz-topaz grei-
sen. Present data indicate that this zone of al-
teration extends well beyond 25Om from the
central portion of the Fire Tower zone.
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ApprNox: TEcHNreuB oF X-RAY DrFFRAcrroN
ANer,ysrs

All specimens studied were provided to us in pow-
der form, Ifowever, as sieving tests indicated large
variations in grain size, all samples were reground
prior to X-ray work. A fixed quantity (10 g) was
pulverized for 90 seconds using a shatter box
equipped with tungsten carbide discs. This procadure
yielded a homogeneous powder (92Vo-325 mesh)
for subsequent X-ray diffraction work.

Identification of the principal minerals in the
altered rocks was facilitated by the fact tlat quartz
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is the major constituent of all samples. The other
peaks of the diffractometer charts can be attributed
to variable though smaller quantities of topaz, fluo-
rite, mica, chloriteakaolinite and more rarely, ortho-
clase and albite. Occasionally very minor peaks of
molybdenite, sphalerite and arsenopyrite were also
present. Diffraction patterns for the pure minerals
were obtained and used to construct a plastic tem-
plate listing the principal peaks of these minerals.
The superposition of the template on the diffracto-
meter charts permitted rapid systematic identifica-
tion of the principal minerals.

Quantitative diffraction analysis of the minerals
tn the altered rocks was made from peak-height
measurements obtained on diffractometer record-
ings. The procedures were as follows:

I ) Instrumentation: Norelco diffractometer equipped
with rotating specimen holder and graphite mono-
chromator; radiation CuKo, 35 kV, 20mA; speed
1"20/nn; time constalt 4; scale 4.102 cps; beam
slit 1o, receiving slit 1/6'; chart 600 mm/hr; scan-
ning 50' to 4'20.

2) Specimen: A fixed amount of powder (aliquot)
packed in a die-type holder that fits into the rotat-
ing specimen of the diffractometer.

3) Internal standardl Preground (-325 mesh) mag-

nesite was used as internal standard; L5 wt.Vo was
added to the sample and mixed for 30 minutes in a
mixer mill.

4) Standards and curves: Dark green, massive chlo-
rite from hole 115 (130m) in the Fire Tower zone
was used as a standard. The other mlnerals (quartz,
muscovite, fluorite, topaz, albite, orthoclase and
kaolinite) were selected from the mineral collection
at Ecole Polytechnique. Standard mixtures of these
minerals in a finely ground quartz matrix were pre-
pared; we added 15 wt.Vo of preground magnesite
as internal standard. Determinative curves were
constructed from peak-height ratios of minerals to
internal standard as measured on diffractometer re-
cordings; details of the analytical routine ar€ sum-
marized in Table 2. Because of the overlap of the
basal reflections of kaolinite and chlorite, kaolinite
was determined separately from a specimen in which
chlorite was destroyed by boiling the specimen for
45 minutes in 2N HCl. A corection for the kaoli-
nite interference with tle chlorite peak was applied
where necessary. The acid treatment was amply suf-
ficient to destroy the chlorite; longer treatment re-
sulted in the gradual destruction of kaolinite, prob-
ably because HF was generated by the HCI attack
on fluorite and topaz. The average closure of the
mineralogical analysis was 88Vo ($=107o).


