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sphalerite geobarometry in the Balmat-Edwards district, New yorkl
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Abstract

Sphaleri te-pyri te-pyrrhoti te barometry was undertaken in the Balmat-Edwards distr ict in
the NW Adirondacks to determine the pressures in the metamorphosed ore body. Metamor-
phic temperatures were estimated at 625 t 25"C using calcite-dolomite thermometry. Sphal-
eri tes with extensive exsolut ion of chalcopyrite are very inhomogeneous, even within ten
microns of the po + py + sp tr iple point, and have iron contents of 16-12 mole percent FeS,
corresponding to 3-7 kbar (Scott,  1973). This local variat ion in pressure is unreasonable;
either the system did not equi l ibrate during metamorphism, errat ical ly reequil ibrated after-
wards, or exsolved chalcopyrite has variably affected the barometer. A few sphaleri tes without
microscopic chalcopyrite blebs yielded consistent FeS contents of 13-12 mole percent where
touching pyrrhoti te-pyri te and correspond to pressures of 6.5-7.5 kbar. These data and the
presence of si l l imanite, indicative of pressures less than 6-6.5 kbar at 600-650.C, in the
adjacent paragneisses suggest that the Balmat distr ict was subject to a regional metamorphism
of 6.5 a 0.5 kbar. Incautious application of the sphaleri te barometer based on a few samples
or on heterogeneous materials can lead to large errors in est imated pressures.

Introduction

Since Kullerud's (1953) study of the system ZnS-
FeS, many workers have applied the sphalerite "geo-
thermometer" to diverse types of ore deposits. The
geothermometer was based upon an inferred depen-
dence of the iron content of sphalerite on the temper-
ature of  format ion.  Bar ton and Toulmin (1966) dem-
onstrated that the original "solvus" was incorrect
and that the FeS in sphalerite is buffered by the
composition of the pyrrhotite with which it is in
equi l ibr ium. Scot t  and Barnes (1971) concluded that
the iron content of sphalerite in equil ibrium with
pyrite and pyrrhotite was essentially temperature in-
sensitive in the range 300-600'C but that the pressure
effect was sufficiently large to allow the iron content
of sphalerite to be a useful geobarometer. Scott re-
ported further experiments in 1973 involving revers-
als which established the experimental basis for the
sphalerite barometer.

Early estimates of the pressure in the Balmat-Ed-
wards ore district on the NW flank of the Adiron-
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dacks,  as summarized by Lea and Di l l (1968),  were 3-
4 kbar. The presence of sil l imanite in adjacent para-
gneisses restricts pressures to less than 6 kbar at
600'C,  us ing Holdaway's (1971) Al rSiOE diagram.
Scot t  and Barnes (1971) of fered Balmat  as one of
their test cases, using Doe's (1962) sphalerite data,
and reported a pressure of 4.5 * 1.0 kbar; when
revised according to Scott 's (1973) experiments,
Doe's data yield 5.5 kbar. DeWitt (1976), in a re-
gional study of sphalerite barometry across the Gren-
vil le province, reports a pressure of 6.5 kbar for
Balmat. Scott (1976) reports new microprobe analy-
ses for Balmat sphalerites, inferring pressures of 5.0
kbar from these data. The discrepancies are curious
in that both Scott and DeWitt used the sphalerite
barometer and the same microprobe reduction pro-
gram (EvreDR VII) to generate their data. The pres-
ent study was init iated to try to sort out the conflict-
ing conclusions, and hopefully wil l provide a more
accurate evaluation of pressure at Balmat to under-
stand the metamorphism of the ore bodies in relation
to the country rocks. Calcite-dolomite thermometry
of marbles was undertaken to ensure that metamor-
phic temperatures in the Balmat-Edwards district
were in the appropriate range (300-600"C) for appli-
cation of the sphalerite seobarometer.
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Methods

Sphaler i te  and calc i te  composi t ions were deter-
mined by e lect ron microprobe analys is ,  us ing an
Anl--Enrx electron microprobe analyzer with wave-
length-d ispers ive PET, L iF,  and TAP crysta l  spec-
trometers. A Kevex energy-dispersive detector and a
Northern multi-channel analyzer were used for semi-
quant i ta t ive analyses and rapid ident i f icat ion of  un-
knowns.  An Ortex current  d ig i t izer  was used to s tabi -
l ize beam current ,  a l lowing the samples to be
bombarded by a f ixed number of  e lect rons instead of
col lect ing data for  a f ixed length of  t ime.  The acceler-
at ing vol tages and sam ple currents employed for
analyses were l5  kV and 0.01 microamps for  the
sphaler i tes and l0 kV and 0.005 microamps for  the
carbonates.  Data reduct ion was made using EupnoR
VI I ,  deve loped  by  Ruck l i dge  and  Gaspa r r i n i ( 1969 ) .

The sphaler i tes were analyzed for  Fe,  Zn,  Cu,  Mn,
and Cd.  Sul fur  was not  determined d i rect ly ,  but  was
inferred by a f ixed sto ich iometry funct ion in  the data
reduct ion program. The calc i tes were analyzed for
Ca,  Mg,  and Fel  carbon and oxygen were in ferred
from f ixed sto ich iometry.  In  order  to min imize the
correct ion funct ions out l ined above.  s tandards were
employed which are as c lose in  composi t ion to the
unknowns as possib le.  A synthet ic  t ro i l i te ,  prepared
wi th excess i ron,  was used for  the i ron standard.  The
zinc standard was prepared f rom commercia l ly  avai l -
able z inc sul f ide.  Synthet ic  cadmium sul f ide and man-
ganese sul f ide standards were provided by Dr.  Steven
D. Scot t  o f  the Univers i ty  of  Toronto.  The tota l
copper content  of  the Balmat  sphaler i tes is  low,  and
hence the loss of  accuracy in  us ing copper metal  as
the copper s tandard is  negl ig ib le.  The carbonate
standards were natura l  ca lc i tes and dolomites that
have been well analyzed by atomic absorption
spectrophotometry.

Calcite-dolomite thermometry

Go ldsm i th  and  Heard  (1961 )  and  Go ldsm i th  and
Newton (1969) showed that  the magnesium content
of  ca lc i te  in  equi l ibr ium wi th dolomite is  temper-
ature-dependent  and hence a usefu l  geothermometer .
The phase re lat ions in  the system CaCOr-MgCO, are
near ly  independent  of  pressure wi th an exper imen-
ta l ly  determined pressure dependence of  only
0.003'C/bar  (Goldsmith and Newton,  1969) up to l0
kbar .  Therefore,  knowing that  the Balmat-Edwards
dist r ic t  was metamorphosed at  roughly 5 kbar  is  suf-
f ic ient  to  choose a solvus.  Goldsmith and Graf  (1960)

and Goldsmith et al. (1962) demonstrated that iron
and manganese s l ight ly  a l ter  the solvus,  however,  no

correct ions of  th is  nature were involved in th is  s tudy
because the calc i tes of  in terest  conta in impur i t ies in
negl ig ib le amounts-analyses for  i ron typ ical ly  gave
resul ts  between 0.00 and 2.00 mole percent  FeCO..

Because the carbonates are h ighly  react ive,  there is
great  potent ia l  for  reequi l ibrat ion of  ca lc i te  by ex-
solut ion of  dolomite or  exchange of  magnesium upon
cool ing.  Therefore carefu l  textura l  observat ion is  re-
qui red to in terpret  the resul tant  temperature data.
The calc i te  and dolomite were easi ly  d is t inguished by
sta in ing pol ished th in sect ions wi th a mixture of  d i -
lu te HCI and Al izar in Red which select ive ly  s ta ins the
calc i te  red.  This technique a l lowed gra ins wi th micro-
scopical ly  v is ib le exsolut ion to be ident i f ied opt ica l ly
and  avo ided .

In most  Balmat  samples the calc i te  and dolomite
gra ins are re lat ive ly  large,  in ter lock ing,  and unal-

tered- increasing the l ike l ihood that  they were both
present  at  the peak of  metamorphism. Exsolut ion of
dolomite f rom calc i te  usual ly  takes one of  three d i f -
ferent  forms:  lamel lar ,  patchy,  or  granular .  Lamel lar
exsolut ion is  the most  readi ly  recognized and the
most  rare ly  observed in the Balmat  calc i tes.  The sec-
ond type,  patchy exsolut ion,  is  somewhat  more com-
mon,  and general ly  appears as an i r regular  change
from magnesian calc i te  to dolomite wi th in a s ingle
gra in.  Granular  exsolut ion involves complete migra-
t ion of  the exsolv ing dolomite to the gra in boundar ies
where i t  forms an opt ica l ly  cont inuous gra in.  This

type is  d i f f icu l t  to  detect ,  s ince the exsolved dolomite
may be hard to d is t inguish f rom pr imary dolomite.
Granular  exsolut ion may not  be recognized unt i l  mi-

croprobe resul ts  are obta ined which show ei ther  com-
posi t ional  gradients across the calc i te  or  anomalously
low magnesium contents compared to other  samples.
The exsolut ion of  dolomite lowers the magnesium

content and therefore reduces the inferred temper-
ature.

Resul ts  der ived f rom apparent ly  unexsolved cal -
c i tes general ly  showed a sharp upper cut-of f  o f  mag-
nesium values (and therefore of  temperature)  wi th

some scat ter  to  the low-magnesium s ide (F ig.  l  ) .  This
is  consistent  wi th calc i tes par t ia l ly  reequi l ibrated by

one or more of the exsolution processes described
above.  The inferred temperatures are in  the range

530-620"C,  but  must  be regarded as min ima due to

the uncer ta inty  in  evaluat ing the exsolut ion ef fects.
Temperatures of  600-650oC are qui te reasonable for
the upper amphibol i te  fac ies metamorphism in the

area and agree wel l  wi th Bohlen and Essene's (1971)

regional  thermometry in  the Adirondacks.  On the

basis of  the present  data,  i t  is  not  possib le to deter-
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Fig.  l .  Calc i te-dolomite analyses.  Temperature cal ibrat ion
f rom Go ldsm i th  and  Newton  (1969 ) .

mine whether the apparent temperature differences
between the mines is  real  or  due to reequi l ibrat ion.  I f
real ,  there must  have been some local  source of  syn-
metamorphic heat to generate temperature differ-
ences of  90oC over  such shor t  d is tances.  A much
more extensive study of  ca lc i te-dolomite pai rs  and
other  independent  geothermometers f rom the d is t r ic t
would be necessary to clear up these uncertainties. We
conclude that the Balmat-Edwards district was heated
to 625 + 25 'C dur ing Grenvi l le  metamorphism.

Sphalerite geobarometry

Numerous samples f rom al l  three Balmat  mines as
well as the mine at Edwards were collected both
underground and f rom dr i l l  core in  an at tempt to
obta in sui table samples for  appl icat ion of  the geoba-
rometer. To accurately apply this system, the activity
of FeS in sphalerite must have been buffered at the
time of metamorphism by the pair hexagonal pyrrho-

t i te-pyr i te .  However,  usefu l  maximum and minimum
pressure estimates respectively can be obtained from
sphaler i te  which equi l ibrated wi th only  pyr i te  or  only
pyrrhot i te .  A reconnaissance study of  the samples
supported previous observat ions (D.  B.  Di l l ,  personal
communicat ion)  that  s igni f icant  quant i t ies of  pyrrho-
t i te  can only be found in the Balmat  12 mine.  Even
there pyrrhotite is relatively rare and few of the pol-
ished sect ions had a l l  three phases.

Textural relations

As a first attempt at f inding appropriate assem-
blages,  textura l  re lat ions suggest ing equi l ibr ium be-
tween pyr.ite, pyrrhotite, and sphalerite were sought
opt ica l ly .  Textura l  equi l ibr ium of  a monomineral ic
aggregate of grains tends toward development of
120'  t r ip le- junct ion points.  Stanton (1964) demon-
strated that in two- or three-phase aggregates the
dihedral angles developed were usually between l05o
and 135".  No exper imenta l  data are avai lable on
aggregates of  pyr i te  p lus sphaler i te  wi th minor
pyrrhot i te ;  therefore samples d isplay ing geometr ies
wi th in the general  range ment ioned above were cho-
sen for  analys is  (F ig.  2) .

A deta i led study of  the sect ions bear ing pyrrhot i te
showed that  in  some cases the pyrrhot i te  was cut  by
stringers of f ine-grained pyrite and/ or marcasite (Fig.
3) .  This  secondary replacement  product  has devel -
oped a long cracks in  and contacts of  the pyrrhot i te ,
and must  be d is t inguished f rom pr imary pyr i te  before
apply ing the geobarometer  to the three-phase assem-
blage.

Another  s t r ik ing feature of  the Balmat  sphaler i tes
which may have a bear ing on the appl icat ion of  the
geobarometer is the presence of exsolved chalcopy-
r i te .  In  the 13 and 14 mines,  where pyrrhot i te  is  rare,
the sphaler i te  d isp lays qui te minor  exsolut ion.  Where
present, the exsolved blebs are concentrated along
contacts with pyrite grains. In the fr2 mine there is
usual ly  more exsolut ion in  sphaler i tes and i t  is  most
pronounced where pyrrhot i te  is  present  (F ig.  4) .  As
above,  the chalcopyr i te  is  densest  near  the sphaler i te-
i ron sul f ide boundar ies.  Brown (1936) repor ts  that
pyrrhot i te  at  Balmat  is  a lways associated wi th chal -
copyrite inclusions in sphalerite. In several cases the
grain size of the chalcopyrite seems to be a function
of the d is tance f rom the i ron sul f ide or  f rom cracks in
the sphalerite. The exsolved blebs become finer and
more numerous toward the contacts and cracks (F ig.
4) .  The possib le rami f icat ions of  these observat ions
wi l l  be d iscussed below.

5.O 6.0 7.O



Fig 2 Typical  three-phase t r ip le point  showing minor chalcopyr i te exsolut ion f rom sphaler i te
Fig 3 Pyr i te/marcasi te replacing pyrrhot i te a long f ractures.  Note abundant chalcopyr i te.
Fig.  4 Chalcopyr i te exsolved f rom sphaler i te Note local izat ion along twins (upper lef t )  and along cracks and grain boundar ies
Fig 5 Porous pyr i te in react ion (?)  r im along pyr i te-pyrrhot i te contact ;  voids inf i l led by chalcopyr i te

[Al l  p ictures in p lane polar ized ref fected l ight ;  bar scale 50 pm.]
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systemat ic  errors in  the microprobe correct ions of
Scott. The samples were obtained from Dr. Bruce
Doe,  who completed a study on Balmat  in  1962.The
three-phase assemblages were collected from the
Main ore zone on the 900.  l l0OGS. and l500GS
levels in  the r t2 mine.  Textura l ly  those samples were
qui te s imi lar  to  the ones col lected for  th is  s tudy ex-
cept  that  they have very l i t t le  exsolved chalcopyr i te .
Reanalys is  cbnf i rmed the t ight  consistent  resul ts  ob-
ta ined by DeWit t  (1976),  wi th only  minor  scat ter
toward h igher  i ron contents (F ig.  68) .  The samples
collected for this study containing the three-phase
assemblages were from the ff l ore zone on the 500
and 700 levels and the Main and Footwal l  ore hor i -
zons on the 2300 sublevels.

Discussion

Sphalerite barometry yields different pressures for
d i f ferent  samples at  Balmat .  Doe's and Scot t 's  analy-
ses g ive pressures of  5-5.5 kbar  (F ig.  6) ,  correspond-
ing wel l  to  the maximum obta ined in th is  s tudy for
inhomogeneous sphalerites with extensive chalcopy-
r i te  exsolut ion (F ig.  6D).  These sphaler i tes y ie ld ap-
parent pressures from 3-7 kbar. Reanalysis of De-

Sphalerite analyses

The sphaler i tes in  the cogenet ic  three-phase assem-
bf  ages were analyzed for  Fe,  Zn,  Cu,  and occasion-
a l ly  Mn and Cd.  The range of  concentrat ions of  the
minor  cat ions are as fo l lows:  Cu,  0.0-2.0 mole Va:
Mn ,  0 .0 -2 .5  mo leVo i  and  Cd ,  0 .0 -1 .2  mo le  %.  A  few
analyses wi th considerably more copper (2.5-6.5
mole 7o)  are at t r ibuted to anomalous concentrat ions
of  microscopic or  submicroscopic exsolved chalcopy-
r i te .  The b lebs were in  many cases resolved under the
microscope but  not  by the poorer  opt ica l  system on
the microprobe.  This led to uncer ta inty  in  avoid ing
the exsolved phase dur ing analys is .  The var iabi l i ty  in
i ron content  is  d isp layed in the h is togram in F igure
6D. Inhomogenei ty  in  FeS content  is  apparent  on a l l
scales- f rom sample to sample as wel l  as over  shor t
d is tances ( l -200 microns)  in  s ingle crysta ls  (F ig.  7) .

When the large inhomogenei ty  in  the FeS content
of  sphaler i te  became apparent ,  the samples f rom
Balmat used in DeWit t 's  (1976) s tudy wete reana-
lyzed.  DeWit t  obta ined t ight  consis tent  resul ts ,  g iv ing
a pressure of  7 kbar  us ing Scot t 's  isobars (F ig.  6C).
DeWitt proposed that a correction factor of -0.5

kbar be appl ied to Scot t 's  isobars,  because of  smal l
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Wit t 's  homogeneous sphaler i tes lack ing b lebby
chalcopyr i te  exsolut ion g ives pressures of  6.5-1 .5
kbar,  conf i rming DeWit t 's  data.  Pressures are l imi ted
by the presence of  s i l l imani te to less than 6 kbar  at
600"C and less than 6.5 kbar  at  650'C.  Presumably
the homogeneous unexsolved sphaler i tes have pre-
served the maximal  pressures.  The accuracy of  the

locat ion of  univar iant  boundar ies in  the sphaler i te
and s i l l imani te exper iments is  probably no bet ter
than  *0 .5  kba r  a t  t hese  P - f  cond i t i ons ,  and  6 .5  kba r
f i ts  both sets of  data.  Perk ins and Essene (1977) ap-
p l  ied garnet-p lagioc la se-s i  I  l i  m an i te-  quar lz  barome-
t ry  to rocks at  Benson Mines,  about  20 mi les east  of
Balmat ,  and obta ined 6.5 kbar ,  in  good agreement
wi th pressures in ferred at  Balmat .  Combin ing th is
wi th the temperature data a l lows an est imate of  6.5 a
0 .6  kba r  a |625  +  25 'C .

The textura l  re lat ions as wel l  as the chemical  analy-
ses in  th is  s tudy point  out  several  problems wi th
"grab sample"  appl icat ion of  the sphaler i te  geoba-
rometer .  A few determinat ions of  FeS in sphaler i te
coexist ing wi th pyr i te-hexagonal  pyrrhot i te  c lear ly
may not  g ive dependable pressures.  The system also
may not be fully characterized as to the effects of
other  cat ions on the pressure- temperature equi l ibr ia .

At  the temperatures est imated for  the metamor-
phic event  (625 + 25 'C) the hexagonal  form of
pyrrhot i te  ( lC)  would have been stable and have had
a composi t ion approaching Fe6S" (Kiss in,  1974).The
Balmat  pyrrhot i te  is  s t rongly magnet ic ,  suggest ing a
dominance of  the monocl in ic  form, (4C),  FerSr.  Spl i t -
t ing of the dro2 reflection on the X-ray diffractometer
t rac ings indicates a mixture of  the monocl in ic  and
hexagonal  types,  but  as pointed out  by Kiss in (1914),
i t  is  not  possib le to determine the percentages of  the
two f rom such data The change f rom the h igh- tem-
perature hexagonal  (  lC)  to the low-temperature
monocl in ic  (4C) form must  be accompanied by e i ther
the re lease of  i ron or  the addi t ion of  su l fur .  The lack
of  secondary porosi ty  in  the pyrrhot i tes and the lack
of  low-temperature i ron hydroxides or  carbonates
suggest  that  the la t ter  process was dominant .  Ear l ier
workers (Brown,  1936) have cal led upon ret rograde
fluids as the source for water to form the extensive
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Fig.  8.  Exper imental ly  determined isobars above 300oC in system pyr i te-pyrrhot i te-sphaler i te (modi f ied f rom Scott ,  1976)

secondary talc and serpentine in the rocks of the
district. These fluids, whether removing iron or add-
ing sulfur, would facil i tate the observed alteration of
pyrrhotite to pyrite/marcasite along cracks and frac-
tures (Fig. 3), as well as other alteration of the iron
sulfides (Fig. 5). The same fluids may have enhanc:ed
the reequil ibration of the sphalerite at pressures and
temperatures much reduced from those at the peak of
metamorphism. Any retrograde pressure-temper-
ature path for an original equil ibrium three-phase
assemblage wil l result in reequil ibration toward
higher FeS contents at temperatures above 300"C
(Fig. 8). Below 300'C, the sphalerite-pyrite-pyrrho-
tite isobars all swing to very low iron contents (Scott
and Kissin, 1973), suggesting that if reequil ibration
occurs at these temperatures the resulting FeS con-

tents wil l be low. Thus any retrograde path wil l in-
crease FeS contents above 300oC and wil l decrease
FeS contents below 300'C if equil ibrium is main-
tained. The final result is then a complex function of
the P-T conditions of peak metamorphism, the de-
gree of reequil ibration during the retrograde event,
and the final P-T conditions where reequil ibration
stops and the final FeS content is frozen into the
sphalerite.

The observed extensive exsolution of chalcopyrite
from most of the Balmat three-phase assemblages
presents an unsolved complication in applying the
barometer. The exsolution origin for the chalcopyrite
is supported by both the small grain size and the
location of the blebs along annealing twins and grain

boundaries. When analyzed using ZnS, FeS, and cop-

-- tcagtd /Erttapoblatl lsb.t

O 2 5kb Erp.rirmdt
I 5kb ErF lmnls
a 7 5kb Erporimantr
R Rmrl
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per metal as standards, the blebs appear to be one-
phase stoichiometric CuFeSz. The exsolution may be
an isochemical adjustment of the sphalerite upon
cooling. Alternatively, if the cooling behavior of the
quaternary system Zn-Fe-Cu-S is analogous to that
of the ternary system Cu-Fe-S, exsolution of
stoichiometric CuFeS, would not be possible without
the addition of sulfur. This was demonstrated by
Cabri (1973), who showed that the intermediate solid
solution (ISS) in the Cu-Fe-S system is sulfur-
deficient and does not include the composition
CuFeSr. A possible reaction would be:

[Zn,(Cu,Fe),r"n]S,-, + (x/2)5, =

[Zn,(Cu,Fe)ooo,]S * CuFeSz

Phase relations are not well enough known in the
more complex system to decide which exsolution
process is correct or to answer questions such as how
the iron in the exsolved chalcopyrite should be
treated, i.e., should an amount of iron equal to the
amount of analyzed copper be subtracted from the
analyses before calculating p'el(Fe + Zn)? An adjust-
ment of this type was attempted, but did not signifi-
cantly lessen the scatter in the inferred pressures.
Exsolved chalcopyrite is possibly one indication of
reequil ibration of this system. Other textural in-
dications of reequil ibration may not be obvious, as
the sphalerite barometer requires incorporation of
additional FeS to reequil ibrate with decreasing pres-
sure above 300oC, and therefore no pyrrhotite ex-
solution lamellae would be seen. Below 300oC, how-
ever, sphalerite could reequil ibrate by exsolving FeS
as pyrrhotite * pyrite.

Despite our lack of understanding of the effect of
copper on the sphalerite barometer, the presence of
exsolved chalcopyrite corresponds to highly variable
FeS content in sphalerite and hence highly variable
pressure estimates. Nevertheless the maximum pres-
sures and temperatures determined in this study are
in good agreement with other data collected in the
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area. Bohlen and Essene (1977), working in the para-
and orthogneisses a few miles south and east of
Balmat, report two-feldspar temperatures of 640 t
50'C and a Fe-Ti oxide temperature of 620 + 50'C.
Thus the three geothermometers give the same result,
within their error l imits of 625 + 25'C. The prese nce
of sil l imanite in the paragneisses restricts pressures to
a maximum of 6.5 i 0.5 kbar at the temperatures
found. Engel and Engel (1953) mapped two iso-
grads in the NW Adirondacks-the first appear-
ance of orthopyroxene in the gneisses and the break-
down of muscovite * quartz to give sanidine * sil-
l imanite. Since these isograds involve a hydrous
phase, Pr is as important as P, in determining when
these reactions wil l take place. Essene et al. (1977)
have presented convincing evidence that for most of
the non-carbonate rocks in the Adirondacks P, is less
than P, and quite variable. Consequently, in order to
interpret the significance of the two proposed iso-
grads which are tentatively mapped near Balmat,
both P1o1*1 and Ps,e must be defined. Definit ion of
regional Psal variations and the remapping of Engel's
isograds are currently in progress.

Conclusions

Pressures of metamorphism at Balmat are tenta-
tively inferred to be 6.5 + 0.5 kbar, using sphalerite
barometry and limiting AlrSiOb data. Inhomo-
geneous sphalerites with chalcopyrite exsolution yield
a wide range ofpressures from 3-7 kbar. These sphal-
erites have either partially reequil ibrated upon de-
compression or have been variably affected by chal-
copyrite solution. Sphalerite barometry does not
appear to provide a panacea for estimating pressures
in metamorphic rocks.
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