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ABSTRACT

Pyriboles that consist of mixed double chains (anthophyllite), alternating double and
triple chains (chesterite), and triple chains fimthompsonite) coexist with phlogopite and
Zn-ich spinel at Orijiirvi, southwestern Finland. Each of these three pyribole-structure
types has been observed as lamellae as wide as a few thousand dngstrtims, and electron-
diffraction photographs give strong and sharp reflections for all three of these phases.
However, the pyriboles are predominantly composed of large disordered areas, in which
the proportions of triple-chain units to double-chain units are highly variable. Electron-
microprobe analyses indicate that SiOr, AlrOr, and NarO increase and FeO and CaO
decrease in the jimthompsonite relative to the anthophyllite. These chemical variations
can be explained by different proportions ofA sites, octahedral sites, and tetrahedral sites
in the double- and triple-chain structures.

Assuming that Fe2+ and Mg are partitioned similarly between the distorted octahedral
(dM) and regular octahedral (rM) sites of the anthophyllite and the jimthompsonite, the
differing proportions of dM and rM in the two structures allow the estimation of site
occupancies and the calculation of an intersite distribution coefficient (Kr)gyily : 13.868.
On the basis of the work of Seifert (1977), this value suggests a metamorphic temperature
of about 600"C, which is consistent with the 550 to 630"C estimated for this area by
Schreurs (1985).

INrnonucrroN

Naturally occurring pyriboles (see Veblen, 198 l) were
reported by Veblen and Burnham (1975, 1976) from a
metamorphosed ultramafic body at Chester, Vermont,
U.S.A. Orthorhombic p1'riboles, with silicate triple chains
are named jimthompsonite (the monoclinic polymorph
is clinojimthompsonite), and ordered sequences of alter-
nating double and triple chains are called chesterite (Veb-
len and Burnham, 1978a, 1978b).

In addition to the Chester occurrence, small domains
ofjimthompsonite have been reported in hydrothermally
altered ultramafic rocks from Valle Maggia, Switzerland
(Nissen et al., 1979), and clinojimthompsonite-like la-
mellae have been reported in altered augite by Nakajima
and Ribbe (1980), Veblen and Buseck (1981), and Akai
(1982). Intergrowths of Ca pyribole and actinolite have
been reported by Yau and Peacor (1985). Chesterite-like
lamellae have been reported in anthophyllite (Cressey et
al., 1980), and triple-chain lamellae have been reported
in grunerite asbestos (Whittaker et al., 1981a, 1981b).

The pyriboles found at Orijiirvi are a new occurrence
of triple-chain silicates. This locality, well known for cor-
dierite-anthophyllite and the site of sulfide mineraliza-
tion, represents a new paragenesis for triple-chain pyri-
boles, as the previous occurrences are either from
metamorphosed ultramafic bodies or altered Ca pyrox-
enes.
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Chemical analyses ofjimthompsonite are rarer than its
occurrence. In the Orijdrvi samples, it was possible to
obtain analyses that approximate the anthophyllite (dou-
ble-chain) and jimthompsonite (triple-chain) parts of the
disordered pyribole crystals. This paper describes the
pyriboles from Orijiirvi and discusses chemical variations
between the anthophyllite and jimthompsonite parts of
grains.

Gnor,ocrc sETTTNG AND SAMpLE DEscRrprroN

Since the classic study by Eskola (1914), the Orijiirvi
area in southwest Finland has been known as a locality
of cordierite-anthophyllite rocks and sulfide mineraliza-
tion. The rocks around the Orijiirvi mine are chiefly Pre-
cambrian felsic and mafic volcanic rocks with minor cal-
careous horizons that were metamorphosed during the
Svecofennian orogeny about 1800 Ma (Simonen, 1980).
Recent work by Schreurs (1985) suggests peak metamor-
phic conditions of about 550-630"C and pressures of 3-
5 kbar. The sulfide mineralization probably occurred dur-
ing a phase of premetamorphic hydrothermal alteration
by sea water (Berge, 1978). In addition, this process pro-
vides a likely mechanism for producing the protoliths of
cordierite-anthophyllite rocks from normal basalts (Berge,
1978; Robinson et al., 1982; Schumacher, 1983).

The pyribole-bearing sample was collected from the
mine spoil piles near the unpaved road due west of the
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Fig. 1. Bright-field images of biopyriboles in [001] projections (A, B) and a selected-area electron-diffraction pattern of the
pyribole (C), which includes the areas shown in parts A and B. Bars in parts A and B denote triple-chain regions, and unmarked
areas are double-chain regions. (A) Region rich in triple-chain units. (B) Region rich in double-chain units. (C) Light arrows denote
diffraction maxima of triple-chain units, and the heavy arrow marks a ditrraction maximum common to anthophyllite (040) and
jimthompsonite (060).

main pit at the Orijiirvi mine. The hand specimen that
contains the pyriboles seems to be composed chiefly of
amphibole, lesser amounts of phlogopite, minor green
spinel, and minor galena. The "amphiboles" are white to
pale green and appear as randomly oriented sprays or
bundles of prismatic crystals less than 4 mm long. The
phlogopite is black to dark brown, and the flakes are gen-
erally less than about 5 mm across.

Thin sections of this sample show that it is composed
chiefly of pyribole and subordinate phlogopite, with mi-
nor spinel and an opaque phase (galena). The phlogopite
forms interstitially between subhedral pyribole grains. The
anhedral pale-green spinels occur in roughly circular clus-

ters that are generally less than 3.0 mm across; they seem
to have grown in the interstices ofthe pyribole grains and
may be connected in three dimensions.

MrNnulocv oF AssocrATED PHAsEs

Methods

Microprobe analyses were done on polished thin sections on
the Cameca electron microprobe (Camebax Micro) at the Min-
eralogical Institute at Christian Albrechts University in Kiel,
Federal Republic of Germany. Operating conditions were 20 kV
and 20 nA. Data reduction was done using the atomic number,
absorption, and fluorescence correction (ZAD that is provided
by Cameca.



SCHUMACHER AND CZANK: TRIPLE- AND DOUBLE-CHAIN PYRIBOLES

TneLe 1. Representative analyses of phlogopite and spinel
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Phlogopite Spinel

Cations per
1 1 oxygens

Cations per
4 oxygens

sio,
Tio,
Alr03
CrrO.
FeO
MnO
Mgo
Nio
ZnO
CaO
Naro
l(rO

Total

43.53
0.50

14.13
0.01
3.81
0.00

24.93
0.00
0.09
0.00
0.81
8.27

96.08

3.006
0.994
4.000

0.1 56
0.026
0.001
2.567
0.220
0.005
0.025
2.975
0.1 08
0.729
0.1 63
0.837
7.812

0.921

sio,
Tio,
Al2o3
CrrO.
FeO
MnO
Mgo
Nio
ZnO
CaO
Naro
KrO

Total

0.00
0.00

60.10
0.00
6.26
0.o2
6.68
0.00

27.20
0.00
0.00
0.00

100.26

2.002

0.281
0.1 48
0.000
0.568
4.OO2

0.655

Mg
Fe.*
Mn
Zn

Total

Xue

Si
AI

Sum

AI
Ti
Cr
Mg
Fe2*
Zn
tr

Sum
Na
K
n

Sum
Total

Xus

ivote.' Oxides in weight percent. Open boxes represent vacant sites and are not counted in the summation of the cation sites
(sum) or in the cation total. XMs : Mg/(Mg + Fe).

The high-resolution transmission-electron microscopy (HR-
TEM) was done on the same grain from the same thin section
that was used for the microprobe study. The sample was thinned
by ion bombardrient and placed in a rotating and tilting stage
for use in the Phillips EM 400T electron microscope, which was
operated at 100 kV. The photomicrographs shown in Figures I
and 3 were taken under conditions described by Buseck and
Iijima (1974). The image interpretation follows rhat of Veblen
and Buseck (1979).

Phlogopite and spinel

In thin section the phlogopites are anhedral and are
pleochroic from colorless to pale brown. Individual
phlogopite flakes rarely ex€eed 2.5 mm in the thin sec-
tions. Microprobe analyses show the phlogopite to be ho-
mogeneous; representative analyses are given in Table 1.
The Na/(Na + K) ratio of 0.13 is higher than that of
most of the phlogopites coexisting with wonesite that have
been described by Spear et al. (1981); however, the in-
terlayer vacancy (:0.163) in the phlogopite from this study
is lower than in the phlogopites described by Spear et al.
(1981). The anhedral pale blue-green spinels are less than
0.4 mm across, and some partially enclose subhedral pyr-
ibole grains (Table l).

Wron-crr,qlN pyRrBoLEs

Properties in thin sections

The pyribole grains are subhedral and prismatic, the
largest grains being 3.2 by 0.3 mm. They have straight
extinction and are colorless in plane-polarized light. In
general, these pyriboles appear identical to those ofVeb-
len et al. (1977, see also cover illustration) and Veblen
and Burnham (1978a). All the sections parallel to c show

(001) parting that is perpendicular to the edges of the
grains, as commonly observed in orthorhombic amphi-
boles. End sections [cut parallel (001)] that are viewed
with crossed polars show conspicuous lamellae that are
oriented parallel to (010) of the pyribole. Conoscopic im-
ages obtained by scanning across the lamellae in grains
that are oriented to give optic-axis figures show that the
optic axial angle (ZIa changes rapidly from a large posi-
tive value, typical of anthophyllite, to a slightly smaller
negative one, typical of triple-chain pyriboles (Veblen and
Burnham, 1978a). In areas of the crystals with high con-
centrations of different lamellae, the isogyre "zigzags"
across the field of view.

HRTEM images

The nnrn'r images (Fig. l) confirm the presence of in-
terlayers oftriple and double chains in the pyribole grains.
Following the contrast interpretation of Veblen and Bu-
seck (1979), the regions ofround white spots correspond
to the double-chain structure, and regions with elongated
white spots correspond to the triple-chain parts of the
structure. Figures lA and 18 show that the proportion of
triple to double chains is highly variable from place to
place. In Figure lA the largest observed region that is
composed of triple chains is 23 chain widths or about
3l I A. In Figure lB the largest double-chain region is 68
chain widths or about 612 A. The diffraction pattern (Fig.
lC) from the area with high triple-chain concentration,
which includes the area shown in Figure lA, clearly shows
diffraction maxima for the triple-chain structure (small
arrows). The diffuseness of the diffraction maxima is due
to the extremely narrow width of lamellae in the disor-
dered double- and triple-chain interlayerings. Since the



t48 SCHUMACHER AND CZANK: TRIPLE- AND DOUBLE-CHAIN PYRIBOLES

Fig. 2. Selected-area electron-difraction photographs of anthophyllite (A), jimthompsonite (B), and chesterite (C) in [001]
orientation. The heavy arrows denote, respectively, the (040), (060) and (0,10,0) diffraction maxrma.

(040) diffraction maxima of anthophyllite and the (060)
diffraction maxima ofjimthompsonite (heavy arrow) are
superimposed and represent the 4.5-A subperiod for all
the multiple chains, these and corresponding diffraction
maxima are sharper. In addition to the disordered or
mixed intergrowth of double- and triple-chain units, areas
of undisturbed double-chain units (anthophyllite), alter-

Fig. 3. Bright-field image ofbiopyriboles in [001] projections
that show talc (Tc) replacement of triple- and double-chain pyr-
ibole. Bars in parts A and B denote triple-chain regions, and
unmarked areas are double-chain regions.

nating double- and triple-chain units (chesterite), and tri-
ple-chains units (jimthompsonite) on the order of several
thousand lngstrtims in width were observed. The elec-
tron-diffraction patterns for anthophyllite, chesterite, and
jimthompsonite are shown in Figure 2. Multiple chains
with multiplicity greater than three (i.e., quadruple chains
or rvider) were only rarely observed. Intrastructural ter-
mination of the multiple chains, which were described as
zippers by Veblen and Buseck (1979), are also extremely
rare in this sample.

A sheet silicate, which was not seen with the optical
microscope, was found as a lamella within the pyribole
grains (Fig. 3). Qualitative energy-dispersive analyses done
in the nnreu indicate that it is composed mostly of Si,
Mg, and Fe and lacks Na and K. On the basis of its
approximately 9.1-A spacing between the sheets and the
compositional data, this sheet silicate is assumed to be
talc and seems to be replacing concurrently the double
and triple chains (Fig. 3).

Mineral chemistry

Electron-microprobe analyses were necessarily done

before the HRrEM work confirmed the presence of triple-
chain lamellae, since ion-thinned samples are not suitable
for further electron-microprobe analyses. At the time the
qualitative analyses were made, the presence of triple-
chain lamellae in the "anthophyllite" was suspected from

the optical properties described above. Analyses were
made at points on the crystal that spanned the entire
range of observed interference colors' The lower-order
interference colors should represent double-chain rich
areas and the higher-order ones triple-chain rich areas; in
fact, the chemical variations, which are discussed below
and ascribed to varying proportions of double- and triple-
chain parts of the crystal, correlated excellently with the
variations in interference color, and the subsequent Hn-
rnu observations.
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TraLe 2. Representative analyses of anthophyllite (ANTH), disordered pyribole (MIXED), and jimthompsonite (JT)
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JT

sio,
Tio,
Al203
Cr"O.
FeO
MnO
Mgo
Nio
ZnO
CaO
Naro
KrO

Total

Si
AI

57.51
0.00
1.04
0.01

11.75
o.21

26.52
0.00
0.52
0.52
0.13
0.01

98.22

57.53
0.03
1  . 1 0
0.00

1 1 . 4 9
0.25

26.54
0.00
0.30
0.45
0.19
0.01

97.89

57.86
0.04
1 . 1 3
o.02

10.84
0.20

26.56
0.00
0.26
0.42
0 . 1 6
0.00

97.49

58.16
o.02
1.23
0.00

10.09
o.20

26.67
0.00
0.35
0.38
0.19
0 0 0

97.29

Cations oer 23 oxvoens

58.24
0.04
1.34
0.00
9.15
0.16

27.O4
0.00
0.25
0.35
0.29
0.00

96.86

Cations per 34
oxygens
1'1.797
0.203

12.000

0.117
0.006
0.000
8.165
1.550
0.o27
0.037
0.076
0.022

10.000

0.092
0.000
0.092

22.O94

0.840

Sum

AI
Ti
Cr
Mg
Fe,*
Mn
Zn

Na
Sum

7.898
0.102
8.000

0.066
0.000
0.001
5.429
1.349
o.024
0.053
0.077
0.001
7.000

0.034
0.002
0.036

15.036

0.801

7.898

0.168

0.000
0.001
5.429
1.349
0.o24
0.053
0.077

0.035
0.002

15.036

0.801

7.908

0.1 78

0.003
0.000
5.438
1.321
0.029
0.030
0.066

0.051
0.000

15.026

0.805

7.948

0.183

0.004
0.002
5.439
1.245
0.023
0.026
0.062

0.043
0.000

14.976

0.814

7.975

0.199

0.002
0.000
5.452
1.157
0.023
0.035
0.056

0.051
0.000

14.949

0.825

7.981

0.216

0.004
0.000
5.524
1.049
0.019
0.025
0.051

o.o77
0.000

14.946

0.840

J I

AI
Sum

AI
Ti
Cr
Mg
Fe,"
Mn
Zn
Ca
Na

Sum

Na
K

Sum

AI

Ti

Mg
Fe2*
Mn
Zn
Ca

Na
K

Na
K

Sum

Total

Xus

A/otej Oxides in weight percent. XMe : Mg/(Mg + Fe). ANTH and JT formulae are given twice, both with and without site distinctions.

Estimating analytical error (i.e., standard deviation of
the mean) for either the anthophyllitelike or the jim-
thompsonite-like parts of these grains is difrcult because
of double- and triple-chain lamellar interlayering and was
not done here. It is likely that even clos€ly spaced analysis
points contain variable proportions ofdouble- and triple-
chain units. Consequently, one cannot easily separate the
effects of analytical error from compositional variation.
In the diagrams discussed below, linear correlations were
very good, and departures from a perfect linear fit prob-
ably reflect the analytical errors.

The most notable chemical variations are the system-
atic decrease in FeO,CaO, and the analytical total cou-
pled with a complimentary increase in SiOr, AlrOr, and
MgO (Table 2, see also the cation values for these ele-
ments). These variations are almost certainly due to the
variable double- to triple-chain ratios at diferent analyt-
ical points. Nevertheless, it is possible to ascertain which
of these analyses most nearly represent anthophyllite and
jimthompsonite.

To compare formulae, jimthompsonite is calculated on
the basis of 23 instead of 34 oxygens. An ideal, Na-free
jimthompsonite would have 14.882 cations per 23 oxy-

gens and an equivalent anthophyllite would have 15.00
cations. As a result, analyses of mixed triple- and double-
chain structures should have cation totals that lie between
these two values (e.g., chesterite has an ideal 23-oxygen
cation total of 14.930), and in principle, the 23-oxygen
cation total could be used to estimate the relative pro-
portions ofdouble to triple chains present at the analysis
point. However, the presence of Na or the effects of fail-
ure to account for Fe3* will also cause the cation total to
vary. The general sulfide-rich environment of the Orijdr-
vi deposit suggests a reducing environment. In addition,
the all-ferrous Fe formula of the coexisting spinel suggests
that Fe3* is absent. Consequently, Fe3* was assumed to
be absent.

Na could be assigned to either a glaucophane-like
(Na*Al*,MgYiMgrl) or an edeniteJike (NaAAl"ltrt rsiEtr)
substitution in both the double- and triple-chain parts of
the structure. Na added by the glaucophane-like substi-
tution will have no efect on the cation total (vertical
arrows, Fig. 4), whereas each Na added by the edenite-
like substitution will increase the cation total by a num-
ber equal to the Na (and K) at the A site (i.e., 15 + Na
cations at A for anthophyllite and 14.883 * Na cations
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Fig" 4. Plot of Na + K versus total cations based on 23-
oxygen formulae for the analyzed pyriboles (filled circles). Filled
squares represent ideal 23-oxygen cation totals (anhydrous)
for anthophyllite (ANTH) and jimthompsonite (JT), 15.000
and 14.882 respectively. Vertical and inclined arrows show
possible (Na + K) vs. total cation variations due to variable
amounts of glaucophane-like (Na*Al*MgTi Mggi) or edenite-
like (NaAAl.,EltrSii) substitution in jimthompsonite or antho-
phyllite. Stippled areas represent (Na + K) vs. total cation values
for various ratios of glaucophane- to edeniteJike substitutions
in anthophyllite and jimthompsonite.

at A for jimthompsonite; shown as inclined arrows, Fig.
4). As a result, the correct cation total either for Na-

bearing anthophyllite or for Na-bearing jimthompsonite

will lie somewhere between the glaucophane-like and
edeniteJike substitution trends (stippled areas, Fig. 4) at
the specific number of Na cations in an individual anal-
ysis. The range ofthe possible cation totals increases as
the amount of Na in the analyzed grain increases, and
the correct cation value could only be determined if the
ratio of the glaucophane to edenite substitution is known.
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(14.882) and anthophyllite (l 5.000) assuming that 80.70lo of the
Na cations are incorporated via the edenitelike substitution
(NaAAln : trl,siE,).

Site-occupancy determinations for orthoamphiboles
(Papike and Ross, 1970) show that most of the Na is at
the A site; this is probably true for the triple-chain sili-
cates and is supported by difference Fourier maps that
show electron densities at the A site (Veblen and Burn-
ham, 1978b). Consequently, one might speculate that both
the Na-bearing double- and triple-chain parts would give

analyses that lie close to the edenite-like substitution trend.
The analyses from the pyribole grain in this study are

bounded by the ideal edenite trends for anthophyllite and
jimthompsonite (Fig. 4). At the anthophyllite end of the
data-point cluster in Figure 4, the analysis points closely
approach the edenite trend, which represents a crystal-
lochemical limit and suggests that the Na in some of the
anthophyllite resides almost exclusively at the A site. At
the other end of the data-point cluster, several analyses
approach the edenite trend for jimthompsonite, and one
analysis enters the stippled area. This also suggests that
most of the Na is at the A site of the triple-chain silicate,
because analyses ofareas rich in triple-chains that contain
significant octahedral Na should overlap fanher into the
stippled area in Figure 4. Formulae with the highest and
Iowest cation totals are thought to represent analyses of
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Na-bearing anthophyllite and Na-bearing jimthompson-
ite, respectively, and analyses with intermediate cation
values would represent disordered areas with varying
proportions of double and triple chains (Table 2). The
analysis that was chosen as representative of jimthomp-

sonite contains the highest Na and Al of all the pyribole
analyses; it is the only analysis to fall within the jim-
thompsonite (stippled area) in Figure 4, which means part
of the Na is assigned to the octahedral sites (Table 2).
The analysis with the highest cation total per 23 oxygens
was chosen as the most likely anthophyllite analysis.

In order to illustrate chemical diferences between the
two types of structures, a common basis for comparison
must be used as a measure of the relative proportions of
double to triple chains. Several choices for this basis ex-
ist, and they include (l) total cations; (2) total cations
exclusive of Na * K; and (3) total cations exclusive of
A-site cations. which could be determined from the NaA/
NaM ratio that is taken from either the anthophyllite or
the jimthompsonite formulas. Comparisons in Figures 5
and 6 use total cations exclusive of A-site cations. The
Na assigned to the A site is 80.70lo of the total Na atoms
pfu and is based on the Na"/(NaA + NaM) of the jim-

thompsonite analysis.
The Al contents of the pyriboles are low (0.220 per 23

oxygens), but Figure 5 shows a slight relative Al enrich-
ment in areas with abundant triple chains. The analysis
points @ig. 5) are divided into three broad categories
based on Na content. The increase in Al seems to corre-
late roughly with higher Na. This correlation is probably
due to the edenite-like substitution and suggests that Na
and Al are more easily incorporated into the triple-chain
structure than into the double-chain structure. This may
be due to the fact that the proportion ofA sites and tet-
rahedral sites relative to octahedral sites (see Veblen, I 98 1,
Fig. 8) is larger in jimthompsonite than in anthophyllite.

Cation ordering between the distorted and regular oc-
tahedral sites ofthe pyriboles has been discussed in detail
by Veblen (1981), and a plot of the sum of the large
cations vs. the modified cation total for these samples
also shows the preferential ordering of the large cations
into the distorted and nearly equivalent octahedra M4
(amphibole) and M5 fiimthompsonite) (see Veblen and
Burnham, 1978b). Figure 6 shows a linear decrease in
large cations from about 1.440 (anthophyllite) to 1.100
(jimthompsonite), which can be explained by the differ-
ences in the ratios of distorted (M4 or M5) to regular M
polyhedra in the two structures. In amphiboles, the ratio
of M4 to smaller M sites is 2:5, and in jimthompsonite,
the ratio of M5 to other M sites is 2:8. Consequently, the
double-chain areas of the grain contain more total Ca *
Mn * Fe2+. Assuming that the Fe-Mg distribution be-
tween the distorted M polyhedra (dM) and the regular M
polyhedra (rM) are similar in anthophyllite and jim-

thompsonite at the temperature of jimthompsonite for-
mation, the intersite distribution coefficient t(K")Fyilyl
would have been the same in both parts. Providing that
no redistribution of Fe and Mg occurred among the phas-

es, the diferences in the numbers of dM and rM poly-

hedra and total Fe2+ contents can be used to derive the
(K.)$yily at the conditions ofjimthompsonite formation.
After assigning Ca, Mn, and NaM to the distorted poly-

hedra and Al"I, Cr, Ti, and Zn to the regular polyhedra
(partially blocking these polyhedra to Fe2* and Mg), an-
thophyllite gives

1.898Fe3il + 4.9llFe?,* : l '349Fefu1'

and jimthompsonite gives

l.875Fe?il + 7.84lFei* : l.55OFeil ' .

Solving these two equations simultaneously gives the Fe

content (X'") of the distorted polyhedra (0.522) and the
regular polyhedra (0.073), which can be used to obtain
the (K")$YUY as follows:

(K")sYilY: 
Y;{i{;{irfil78 

o o73)

and ln[(K.)flS;f ] : 2.630.
Work by Seifert (1977) on anthophyllite has shown that

the ln[(KJ$yily] is extremely temperature dependent. On
the basis of the temperature vs. tnt(K")flY;Yl correlations
from Seifert's work, the lnt(K.)$Y;Yl value obtained from

the anthophyllite-jimthompsonite data suggests a meta-
morphic temperature near 600'C, in general agreement
with the 550-630'C temperature of metamorphism sug-
gested by Schreurs (1985). It should be noted that given

the strong temperature dependence of (&)gyily' intersite
redistribution within both the anthophyllite and jim-

thompsonite probably has occurred. However, this will

have no effect on the above calculation, which should
reflect the (K.)*yily value at the last temperature of equi-
librium between the double- and triple-chain parts ofthe
stfucture.

CoNcr,uprNc REMARxS

The rnu images have shown that the pyribole studied
here consists almost completely of double and triple
chains, which are present in variable proportions in the
different parts of the grain. With this knowledge, chemi-
cal variations in analyses of a single pyribole gtain can
be attributed to different proportions ofdouble to triple
chains at the analysis point. This work shows regular and
significant chemical changes between double- and triple-
chain-rich areas and is in agreement with the kinds of
chemical variations observed by Veblen and Burnham
(1978a) and Veblen (198 l).
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