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Abstract: Amphiboles along the tremolite-pargasite join have been hydrothermally synthesized at 900°C, 3 kbar. Run product
characterized by optical andeetron microscopy, powder X-ray diffraoh and infrared spectroscopy. Under the experiment:
conditions used, there is complete solid-solution between tremolite and pargasite and the variation of cell parameters is lin
function of composition. The infrared spectra in the principal OH-stretching region are consistent with the predictions of Hawt
(1997) on local bond-valence grounds, and show strong short-range order of cations at the octahedral sites and strong «
between Al at T(1) and Na at A.
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Introduction Oba (1980, 1990) in the temperature range 750 to 1150°C
water pressures of 1 to 10 kbar. According to Oba (1980),
Calcic amphiboles are important rock-forming minerals andl kbar up to 800°C, there is a well-defined solvus betwee
occur in a wide variety of metamorphic, plutonic and voliremolite and pargasite. At temperatures above 850°C,
canic rocks. From a chemical point of view, calcic amphistable assemblage includes clino- and ortho-pyroxene pl
boles can be regarded as a complex multicomponent systgomartz, forsterite and plagioclase in addition to amphibol
between tremolite [Tr: CMgsSigO,,0H,], edenite [Ed: (Oba, 1980). More recently, Sharma (1996) studied the st
NaCgMgsSi;AlO,,0H,], pargasite [Pa: NaG&Vig,Al) bility of pargasite plus quartz in the system J@aCaO-
(SikAl)O,,0H,] and tschermakite [Ts: G@Vg;Al,) MgO-Al,O,-SiO,-H,0, and observed a continuous changg
(SigAl)O,,0H,]. The stability of end-member composi-in amphibole composition from pargasite to tremolite a
tions in this system has been investigated extensively (B840°C and 1 kbar, suggesting complete solid-solution b
yd, 1959; Colvilleet al., 1966; Gilbert, 1969; Holloway, tween these two end-members at these conditions, in app
1973; Jasmund & Schéfer, 1972). Solid solution along thent contrast with the work of Oba (1980, 1990). All these ex
binary join Tr-Ts has been the subject of much work, foperimental studies have focused on the definition of th
cused primarily on the definition of a possible miscibilityphase relations in the calcic amphibole system. Howeve
gap between tremolite-actinolite and hornblende (Jasmusttuctural details of the product amphiboles, such as orde
& Schafer, 1972; Oba, 1978; Caa al., 1986; Jenkins, ing of cations over non-equivalent structural sites, have n
1988; Cho & Ernst, 1991; Jenkins, 1994; Smedtkal., been examined. This point is particularly relevant when us
1994). The Tr-Ed join, which is particularly important in re-ing experimental results for thermodynamic analysis of okt
lation to the transition from greenshist to amphibolite facieserved phase-relations and for petrological modelling. A
in metabasites, has been studied by Best (1978) using mtkough long-range ordering (LRO) patterns of cations i
tures of (natural) tremolite and albite over the pressure rangalcic amphiboles are quite well characterized).(Oberti
3-10 kbar at 600°C, and by Welehal. (1984) atlower B, etal., 1995a and 1995b), we know far less about short-ran
(up to 2 kbar) and higher T (up to 850°C). According toordering (SRO) patterns. Hawthor(997) used bond-va-
these studies, the P-T stability of edenite + quartz at lovence theory at a local (short-range) level (rather than at tt
pressure is limited, and at higher pressures, amphibdtng-range level of the average structure) and showed tf
breaks down to two pyroxenesalbite + liquid + vapour. only a limited number of cation arrangements are likely t
Phase relations along the Tr-Pa join were investigated lmccur, as many of the geometrically possible patterns de\
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Ca,(Mg,AL,)(SiAl,)0,,(OH), Table 1. Nominal compositions of amphiboles synthesized along tt
Tr-Pa join.
Sample A M@4) M(1,2,3) T(1,2) Tot Al
Tri0 O Ca Mgs Sig 0.00

TrgPay ogNag, Ca Mg, eAlg, SizAlgs  0.60
TrePayy OodNaps Ca Mgy Algs SizAlgg  1.20
TrsPae  OoNags Ca Mgy Algs  SizAl;g  1.50
TraPayy  OoNges Ca Mg, Algs  SiggAl;,  1.80
TroPa, OoNagg Ca Mgy Algs  Sig Al 2.40
Pago Nay o Ca Mgy Alio  SigAle  3.00

Pa e As shown in Table 1, the M(4) composition remains
constant along the join, while the (A)-site, octahedral (M
and tetrahedral (T) compositions vary systematically ac

Tr E d cording to the exchange reaction
Ca,MgS,0,,(0H),  Na,Ca,Mg,(SiAl,)(OH), A0 + FIMg + 29Si =FNa + BIAT + 2HAL.
This reaction can be resolved into two independent e
A0 +Mgj = NNg+4A) change rections:

Fig. 1. Schematic calcic-amphibole ternary system showing tHé) the tschermak-type substitution:

nominal starting compositions used in the present work (open Mg + [ Si=MFEIAl + BIAl and

squares). Tr = tremolite, Ed = edenite, Pa = pargasite, Ts = tschernfi) the edenite-type substitutioh! 0 + [“ISi =AINa +HAl.

kite, Hb = magnesiohornblende. Run powders were characterized by powder XRD, SENI
and optical microscopy, and consist of monophase ampt
bole solid-solution, in the limit of resolution of these tech-

ate considerably from the valence-sum rule, thus providingques.

theoretical indications of shisrange order in the structure.

Hawthorneet al. (1996a, 1997, 2000) and Della Ventuwta

al. (1999) have recently characterized several series of syResults

thetic amphiboles and have shown that the numbers of

bands in their infrared spectra correspond closely to the-ray diffraction

number of local configurations predicted by the valence-

sum rule. In this paper we report the synthesis and charact@he refined cell parameters are given in Table 2 and the

ization of cation-ordering by infrared methods for amphivariation as a function of amphibole composition is show

boles along the Tr-Pa join (Fig. 1). in Fig. 2. All cell edges vary linearly with Pa content; in par-
ticular, for increasing Pa component, there is a significar
increase of the parameter and a decreasebofThec pa-

M aterials and methods rameter remains almost constant, even if the data points ¢
somewhat scattered and seemstiow a slight positive devi-

Starting materials were prepared as silicate gels accordiagon from linearity. A marked increase also occurs forfthe

to the method of Hamilton and Henderson (1968). Intermengle. The strong increase of thparameter clearly reflects

diate compositions were prepared by mixing end-membéhne increase of Na at the (A)-site. The cell volume decreas

gels. All syntheses were done at 900°C and 3 kbar®jlih  slightly as a function of composition (Fig. 3).

internally-heated pressure vessels. Step-scan X-ray powder

patterns were collected on a Scintag X1 diffractometer oper-

ated in the verticad-0 configuration with Ni-filtered Ca

radiation and a Si(Li) solid-state detector. Cell dimension§able 2 Cell-dimensions and volumes of amphi .

. . h . - phiboles synthesiz

were refined by whole-powder-pattern refinement (Rietvel long the tremolite-pargasite join

method) using the DBW3.2 software package (Wiles ]

Young, 1981). Samples were prepared for FTIR spectrosceample a (A) b (A) c(A) R(°) V (A3

py as KBr pellets using the procedure of Robertal.  1y(23.5) 9.807(2) 18.054(3) 5.276(1) 104.56(1) 904.20
(1989). FTIR spectra in the OH-stretching region (4000t pa, 9.8202(6) 18.042(1) 5.2786(4) 104.753(5) 904.44
3000 cn') were collected at room temperature on a Nicoletr P,  9.8321(5) 18.015(1) 5.2792(4) 104.934(4) 903.53
760 spectrophotometer equipped with a DTGS detector amgl pa,, 9.8450(6) 17.994(1) 5.2781(4) 105.083(4) 902.84
a KBr beam splitter. The nominal resolution is 2-€rmpec- Tr,Pa, 9.8598(6) 17.990(1) 5.2794(4) 105.176(4) 903.81
tra are the average of 64 scans. Tr,Pg 9.881(1) 17.961(3) 5.2760(8) 105.33(1) 903.11
The nominal amphibole compositions for the sampleBay™ 9.890(9) 17.940(5) 5.274(2) 105.54(4) 901.5

studied are given in Table 1. Run compositions are referré@rom Hawthorneet al. (1997)

by their nominal Pa and Tr components, fromgPay,to  ** from Della Venturaet al. (1999)
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Fig. 4. Relation between the Pa content (mol%) and\he (151
331) for the amphibole synthesized along the Tr-Pa join.
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The IR spectra for the synthesized amphiboles are shown
Fig. 5. Taking the spectrum of tremolite (Fig. 5a) as a refel
ence point, with increasing Pa component in the amphibol
several additional bands appear in the OH-spectrum at bc
higher and lower frequencies relative to the sharp band
tremolite centered at 3675 cnThis behaviour is substan-

tially different from that observed along the tremolite-mag:
nesiohornblende join (Hawthoreeal., 2000). For the latter

samples, several additional bands appear with increasing
content in the amphibolél's component), but only toward

the lower-frequency side of the tremolite band. In the serie
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Fig. 2. Variation in refined cell-dimensions of amphiboles synthe-
sized along the Tr-Pa join. Standard deviations are less than the size

of the symbols. Pa100

According to Sharma (1996), the amphibole composition
in terms of pargasite mol% component along the studied
join can be approximated using th@ 2eparation between
the X-ray powder peak-positions of the (151) an81(Bre-
flections [A26 (151-31)]. Fig. 4 shows that the measured
angular separations of these two peaks define a linear trend
as a function of nominal composition. The equation of the
regression line is y = 5.18x + 0.22 wittfR 0.97.
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Fig. 3. Variation in refined cell-volumes of amphiboles synthesized wavenumber (Cm )
along the Tr-Pa join. Standard deviations are less than the size of tfig. 5. Infrared spectra in the principal OH-stretching region of am
used symbols. phiboles synthesized along the Tr-Pa join.
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examined here, there is a new factor to take into account fable 3. Possible configurations around the OH group in synthet
understanding the pattern of bands in Fig. 5: the progressiamphiboles along the Tr-Pa series, together with the assigned bal
filling of the A-site with increasing Pa component. and observed band frequencies.

Referring to Fig. 5, which also gives the band nomencla=

ture used throughout this paper, we observe several interest- Configuration FrequencyBand
ing features in the evolution of the IR spectra as a function ef (cnm)
composition: MOMOME) A TD)TL) MERMERME)
(i) The appearence of a prominent and broad band (band MpMgMg Na  SiAl MgMgMg 3710 A
at 3710 crmt which grows in intensity as a function of in- MgMgAI Na SiAl  MgMgMg 3688 B
creasing Pa content of the amphibole; MgMgMg O SiSi MgMgMg 3675 C
(i) the appearence of two components (B and D) on eithéfgMgAl Na  SiAl  MgMgAl 3671 D
side of the tremolite (C) band which are well visible in thé¥9MaMg o SiAl - MgMgMg 3655 E
intermediate samples. Both components, centered at 3648MIMg O SiAl MgMAl 3642 F
and 3671 cm, respectively, increase in intensity alongMgmgﬁ: S g:g: mgmgmg gggé (I;:
the join and finally give a broad absorption centered aMgAl O SiAl MgMgMg 3625 G
0 H

3680 cm;
(i) the appearence of several additional shoulder at freMgNIgAI
guencies < 3650 cth(E, F, G and H). These latter bands are
prominent in the spectrum of Fig. 5¢c. They can be grouped al. (1999) on the spectra of amphiboles along the richter
into two pairs: E-F and G-H; the former pair (E-F) showde-pargasite join. Accordingly, the A band is due to the
strong asymmetry toward the low-frequency side of thigMgMg-"Na-SiAl configuration and the B and D bands
low-frequency band of pargasite (Fig. 5g), whereas the latan be assigned to the MgMg&¥Na-SiAl configuration.
ter pair (G-H) constitutes the very broad band centerethe assignment of the bands present in the lower-frequent
around 3625 cm in all samples from TgPa, to TrgPa, 3650-3500 cniregion can be based on the data of Hawthor
(Fig. 5b to 5f). Note that this broad band at 3625%asinot  neet al. (2000) on the spectra of amphiboles along the tre
presentin Pg, molitemagnesiohornblende join. Accordingly, the E-F dou
blet can be assigned to the MgMgMg-SiAl configura-
tion, and the G-H doublet to the MgMgAI+-SiAl configu-
Band assignment ration. Within each doublet, the component bands are due
the Al/Mg distribution at the NNN M(2)M(3)M(2) trimers.
The configuration notation used throughout the followingrhe resultant band assignments are summarized in Table
discussion was introduced by Della Ventwgtaal. (1999)
and Hawthornet al. (2000). It includes in a single notation
all possible cation arrangements at the NN (nearest-neighater pretation of the spectra
bour) and NNN (next-nearest-neighbour) sites around the
OH group. In the amphibole structure, the OH group igo simplify the interpretation of the spectra in Fig. 5, it is
bonded to two M(1) and one M(3) cations, and the H atornonvenient to divide the recordedectral range (3800-3500
projects into the A-site cavity, which can be vacant or occlent?) into two regions on either side of the tremolite band
pied. This NN configuration can be represented asegion (1), at higher frequency, is the region of A-site-fillec
M(1)M(1)M(3)-OHAA. The M(1)M(1)M(3) cluster is local configurations; region (2), at lower frequency, is the
surrounded by two M(2) and one M(3) cations in the octaregion of A-site-vacant local configurations. The two re-
hedral sheet and by two T(1) tetrahedra in the tetrahedmgions are shown in Fig. 6 where it can be seen that the Ol
double-chain. Introducing these NNN sites in the notatioapectra of different end-member amphiboles are very diffe
above gives the general symbol M(1)M(1)M(3)-OH-entfrom each other, reflecting the extreme sensitivity of th
WA T(1)T(1)-M@2)M(2)M(3). For ideally ordered end- O-H bond to the nearest-neighbour and next-nearest-neic
member tremolite and pargasite, the configuration symbol®ur cation environments. It is apparent that the infrare
are MgMgMg-OHW[J:SiSi-MgMgMg and MgMgMg- spectra contain significant structural (both long-range ar
OH-/AINa:SiAlI-MgAIMg, respectively. short-range) information if properly interpreted. For exam
The spectra of the end-members along the Tr-Pa seripe, both tremolite and richterite have the same NN enviror
are well-known. The spectrum of tremolite (Fig. 5a) conment around O(3) (MgMgMg-OH-SiSi); however, tremo-
sists of a single very sharp absorption band at 3675 as- lite (Fig. 6d) shows a single very sharp (FWHM full-width
signed to the MgMgMg-OHA [1:SiSi-MgMgMg configu-  at half maximum height = 3-4 ci) band at 3675 crh
ration (Hawthornet al., 1996a, 1997, 2000). The spectrumwhereas richterite (Fig. 6a) shows a single broad (FWHM
of pargasite (Fig. 59) shows two very broad absorptions df7 cm?') band at 3730 crh These spectra differ substantial-
almost equal intensity, centered at 3709 and 3678.cmly in both (i) the frequency of the main band and (ii) in the
These are assigned to the NN MgMgMg-G#Na and band width. The reason for the significant difference in ban
MgMgAI-OH-WINa configurations, respectively (Della position (55-60 cm) is related to the presence of Na at the
Venturaet al., 1999). A-site in richterite. The occupancy of the A-site in amphi-
Assignment of the bands in the high-frequency, 380(oles has a major effect on the OH-spectrum; this featu
3650 cm' region can be based on the data of Della Venturaas recognized in the pioneering work of Rowbotham &

SIAl  MgMgAl 3608




Synthetic tremolite-pargasite 345

thorneet al., 1966a, 1997), therefore will not be considerec

Region 1 Region 2 here
Si-07-Si The reason for the difference in band width is related t
Na-Mg3 short-range cation ordering. Tremolite is a completely or

dered amphibole (Hawthorne, 1997) and shows a very she
band. However richterite, despite being locally very simila
to tremolite around the (OH) group, has positional disorde
of Na at A-site (Hawthornet al., 1996b), and Na and Ca at
the (M4) site. This disorder is translated into larger ban
widths in the IR spectrum of richterite compared to tremo
lite (Hawthorneet al., 1996a, 1997). This effect is also
known as “substitutionddroadening” (Strens, 1974).
Pargasite (Fig. 6b) and richterite (Fig. 6a) are both A-sit
filled amphiboles, but their spectra differ markedly in banc
multiplicity, band position and band width. In contrast to
richterite, the spectrum of pargasite shows two bands due
the presence of two different NN octahedral configuration:
MgMgMg and MgMgAl, around O(3). This assignment is
supported by the equal intensity of these two bands (Fig. 6
which is consistent with the octahedral Mg/Al distribution
of synthetic pargasite (Welch & Knight, 1999). The down:-
ward shift A, = 30-35 cm') in the frequency of the
MgMgAI-OH band relative to the MgMgMg-OH band, is
due to the presence of Al at M(33.¢. Robert, 1981; Raud-
seppet al., 1987; Della Venturat al., 1998, 1999). Thisis a
prominent effect in the OH spectrum of amphiboles, and i
due to the significant increase of incident bond-valence
O(3) because of the occurrence of a trivalent cation at M(3]
Why the MgMgMg-OH¥A band of richterite has a
higher frequency with respect to the corresponding band
pargasite (3730 crhvs 3709 cm')? According to Della
Venturaet al. (1999), this is due to the presence, in pargasite
of Al at the NNN T(1) site. In the amphibole structure, the
O(7) atom acts as a hydrogen bond acceptor for the O
group at the adjacent O(3) site. Where the O(7) atom occu
(d) as an Si-O(7)-Si linkage, the H...O(7) hydrogen bond i
Trem weak; when O(7) is involved in an Si-O(7)-Al linkage, the
hydrogen bond is strongéand consequently the O(3)-H
. . . . . bond is weak), hence the principal stretching band shifts 1
3800 3750 3700 3650 3600 3550 3500 lower wavenumbers. In pargasite, all T-O(7)-T linkages ar
-1 of the Si-O(7)-Al type, and hencall OH groups are in-
wavenumber (cm'’) volved in significant O-H...O(7) hydrogen bonds, therefore
Fig. 6. Comparison of OH-stretching spectra of selected synthetipe |R bands in pargasite are of lower frequency (wavenun
amphibole end-members. The richterite spectrum is from R@bertber) than in richterite (Della Ventuet al., 1999).
al. (1989), the magnesiohornblende spectrum is from Hawtheirne Finally, Della Venturaet al. (1999) and Hawthornet al.
al. (2000). (2000) have shown that variation in NNN octahedral occu
pancy also has a significant effect on the OH-stretching fre
quency and may produce band splitting of the order of 12-1
Farmer (1974), and has been well-characterized in sevecair!. Due to severe band overlap, this splitting is not easil
later works (Della Ventura & Robert, 1990; Della Venturaresolved and gives rise to the evident broadening (FWHM
1992; Hawthornet al., 1996a). Note that, in the above dis-25 cm?) of the pargasite bands. For this reason, the IR spe
cussion, only bands due the main cationic environments trum of pargasite is much more complex than the two-bar
in the structure have been discussed, for simplicity. In factnodel would suggest, and can be resolved into six comp
the richterite spectrum (Fig. 6a) shows a minor band at 36 7@&nts which are related to SRO in the structure involvini
cnrl, in addition to the main one, and tremolite (Fig. 6dMg and Al at the M(3) site, Siand Al at T(1), and Mg and Al
shows a well-defined minor component at 3666'con the  at the M(2) site (Della Venturet al., 1999).
right of the sharp and very intense peak. These features areéPargasite (Fig. 6b) and magnesiohornblende (Fig. 6
related to minor departures of the amphibole stoichiomdtave similar composition, but magnesiohornblende has
tries from the nominal ones, and have been fully discussetnpty A-site. Thus the principal difference between th
in several previous papers.g. Della Ventura, 1992; Haw- band positions in the spectra of pargasite and magnes
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General patterns of LRO 8#Al/ISi and®IAl/]Mg in calcic
amphiboles have been retly discussed by Hawthorne

(gldgiri)sagc?mH?:'Qorc?g:r]éc(jzgt()()). gfé;arﬁnau%’ %0?(;%' nz;\ Best, N.E. (1978): A preliminary study of the tremolite — edenite sol

ture igneouspoamgnces (Ober'e'gI al 199pr); ogtahedr%l Al ﬁuf,ﬁ"ggr‘?;ss,”ff ' 1%2_%3? In experimental petrologRC.

is ordered at M(2) and M(3) in both natural (Obestial., Boyd, F.R. (1959): Hydrothermal investigations of amphiboies.

1995a) and synthetic (WeldaKnight, 1999) pargasite. “Researches in Geochemistry”, P.H. Abelson, ed. John Wiley ar
Itis now accepted that, in OH-bearing minerals, informa- Sons, New York, 377-396.

tion on SRO can be obtained by infrared spectroscopy in tlgao, R.L., Ross, C., Ernst, W.G. (1986): Experimental studies to 1

OH-stretching region, provided that we can assign all spec- kb of the bulk composition tremolitgtschermakitg, + excess

tral features to specific local configurations. The band as- H,0O. Contrib. Mineral. Petrol., 93, 160-167.

signments given in Table 3 are based on a large amount@fo, M. & Ernst, W.G. (1991): An experimental determination of

data collected in the last decade on several series of synthetcalcic amphibole solid solution along the join tremolite-tscher

ic amphiboles, and the infrared spectra of Fig. 5 can be usedmakite.Am. Mineral., 76, 985-1001. o

to derive information on ordering patterns of tetrahedral arfgolville, P-A., Emst, W.G., Gilbert, M.G. (1966): Relationship be-

octahedral cations along the studied join. Due to accidental een cell parameters and chemical compositions of monoclin

band degeneracy and to lack of data on possible variation jn2@™MPhibolesAm. Mineral., 51, 1727-1754. .

absorption coefficients among the bands (Skogby & Rog)—e”a Ventura, G. (1992): Recent developments in the synthesis a

sman, 1991), we cannot calculate accurate site-popuIationsc?‘"’?r";‘fte.r'zat'TOIn gf ‘f"ml\'zh'bcgjes' Si’nihes'ls 3nd crystal-chemist

from the measured band intensities (Hawthoeteal., of richterites. frends in Mineralogy, 1, 153-192.

h le of litati | Della Ventura, G. & Robert, J.-L. (1990): Synthesis, XRD and FT-IR
2000). However, there are a couple of qualitative conclu- studies of strontium richteriteEur. J. Mineral., 2, 171-175.

sions to be made from the spectra of Fig. 5. Della Ventura, G. & Robert, J.-L, Hawthorne, F.C., Raudsepp, M.

The low-frequency A-site-vacant region (region 2, Fig. welch, M.D. (1998): Contrastin§Al ordering in synthetic Mg-
6), has been discussed in Hawthomtel. (2000). In this and Co-pargasiteCan. Mineral., 36, 1237-1244.

range, the FTIR spectra show a fine structure due to NNNella Ventura, G., Hawthorne, F.C., Robert, J.-L., Delbove, F
interactions. In amphiboles along the tremolite-hornblende welch, M.D., Raudsepp, M. (1999): Short-range order of cation
join, several combinations of NNN configurations involv- in synthetic amphiboles along the richterite-pargasite jgim. J.
ing Al at T(1) and Al/Mg at both M(2) and M(3) are possi- Mineral., 11, 79-94.
ble; however, only a limited number of combinations satisfgilbert, M.C. (1969): Reconnaissance study of the stability of am
the valence-sum rule (Hawthorne, 1997) and these combi- phiboles at high pressur€arnegie Institution of Washington
nations closely correspond to the number of bands observedYear Book, 67, 167-170. _ _
in the infrared spectra. In the amphiboles considered heféamilton, D.L. & Henderson, C.M.B. (1968): The preparation of sil-
the low-frequency region shows the same fine structure and icate compositions by a gelling methddineral. Mag., 36, 832-
band multiplicity as observed in aluminous tremolites b 838. . :
Hawthorneet al. (2000), indicating that the same Strcm}mwthorne, F.C. (1997): Short-range order in amphiboles: a bon
short-range order is present in the samples described herﬁ.v‘""hence approac'ﬁ?n' Mineral., 35, 20%}'216' - sh
As shown in Table 3, the A band is due to a local configu- awthorne, F.C., Della Ventura, G., Robert, J.-L. (1996a): Shor

L - . . range order of (Na,K) and Al in tremolite: An infrared studyn.
ration involving Na at the A-site and Al at the T-sites. Com- Mineral., 81, 782-784.

paring Fig. 5 With Fig. 6 we observe the complete absef?ce H]awthorne, F.C., Oberti, R., Sardone, N. (1996b): Sodium at the .
the spectra of Fig. 5 of a band at 3730°&nta band thatis ;e in clinoamphiboles: the effect of composition on patterns ol
due to arichterite-like configuration, Fig. 6a. to a config- der.Can. Mineral., 34, 577-593.

uration with only Mg at the octahedral strip, only Si at th@jawthorne, F.C., Della Ventura, G., Robert, J.-L., Welch, M.D.
T-sites, and a fully occupied A-site). This observation sug- Raudsepp, M., Jenkins, D.M. (1997): A Rietveld and infrarec
gests thatin amphiboles along the tremolite-pargasite series study of synthetic amphiboles along the potassium-richterite
there is strong coupling between Na at the A-site and Al at tremolite join.Am. Mineral ., 82, 708-716.

the T-sites, in accordance with the prediction of Hawthorndawthorne, F.C., Welch, M.D., Della Ventura, G., Robert, J.-L., Jen
(1997) based on local bond-valence considerations. kins, D.M. (2000): Short-range order in synthetic aluminous
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