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periodico di MiNeralogia

established in 1930

absTracT - in general, vesuvianite occurs in low-

pressure environments such as contact aureoles,

rodingite/metarodingites, and skarns. We describe a

new occurrence of vesuvianite in a high-pressure

metamorphic jadeitite. The composition of this phase

is characterized by up to 1.5 wt.% na2o. This content

is higher than those of vesuvianite from elsewhere.

sodium is introduced into vesuvianite mainly by the

substitution ca + al = na + Ti. electron microprobe

measurements demonstrate an oscillatory growth

zoning with na and Ti showing the largest variation.

The formation of vesuvianite and its zonation are

explained by an interaction with a hydrous fluid phase

that is characterized by a continuous increase of the

chemical potentials of Ti and ca. This fluid phase

accounts for the simultaneous crystallization of

vesuvianite + jadeite and the subsequent replacement

of jadeite by vesuvianite.

riassunTo - La vesuvianite si rinviene in generale

in ambienti di bassa pressione, come nelle aureole di

contatto rodingite/metarodingite e negli skarns. in

questo lavoro viene descritto il ritrovamento di vesu-

vianite in una jadeitite metamorfica di alta pressione.

La composizione di questa fase è caratterizzata da un

contenuto di na2o fino al 1,5 % in peso, il più alto

finora riscontrato nelle vesuvianiti di diverse località.

il sodio è introdotto nella vesuvianite principalemente

tramite la sostituzione ca + al = na + Ti. Le analisi

alla microsonda elettronica evidenziano una zonatura

di crescita oscillatoria e le maggiori variazioni com-

posizionali riguardano il na e Ti. sia la formazione

che la zonatura chimica della vesuvianite possono

essere spiegate attraverso l’interazione con una fase

fluida idrata, caratterizzata da un continuo aumento

dei potenziali chimici di Ti e ca. Questa fase fluida

permette la cristallizzazione simultanea di vesuvianite

+ jadeite e la conseguente sostituzione di jadeite con

vesuvianite.

Key WorDs: vesuvianite, jadeite, jadeitite, jade, high-
pressure metamorphism, northern Myanmar.

inTroDucTion

myanmar is famous for its wealth of high

quality jade which is the trade term for rocks

mainly composed of either jadeite or amphibole

(nephrite). These almost monomineralic jade

rocks have typically been formed close to

tectonically emplaced ultrabasic bodies by fluid-

rock interaction (so-called wall-rock formation).

The myanmar jade is almost exclusively

composed of na-pyroxene such as jadeite.

Jadeitite deposits in myanmar are generally
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associated with major strike-slip fault systems and

hosted in serpentinite bodies which occur in

blueschist or eclogite terrains related to

subduction or transpression (harlow et al., 2007;

shi et al., 2008). in the present paper, vesuvianite,

found in a peculiar high-pressure metamorphic

jadeitite from myanmar, is characterized and its

formation is discussed.

Ve s u v i a n i t e  [ a s  e n d  m e m b e r

ca19mg2al11si18o69(oh)9] is previously known

to occur exclusively in relatively low-pressure

formations such as contact aureoles,

rodingite/metarodingites, skarns, zeolite to

granulite facies metamorphic calc-silicate rocks

(e.g., Gnos and armbruster, 2006; bogoch et

al., 1997), and as late formation in igneous

rocks such as nepheline syenites (e.g.,

Fitzgerald et al., 1987). The formation of

vesuviante in the blueschist or eclogite

metamorphic facies, however, has never been

reported before. only recently, vesuviante has

been described as a late-stage vein mineral

crosscutting jadeitite from Guatemala (sisson

et al., 2005; harlow et al., 2006). a further

peculiarity of the vesuvianite in the myanmar

jadeitite is a high na content, which is

significantly higher than in vesuvianite from

elsewhere.

GeoLoGicaL seTTinG

The study area belongs to the indo-burman

ranges and is located in the western part of the

sagaing fault zone within the central burma

basin in the Pharkant (also hpakan or hparkant)

-Tawmaw area, Kachin state, northern myanmar.

The sagaing fault is a major active strike-slip

fault of myanmar extending more than 1200 km

with the andaman spreading centre being its

southern termination (bertrand and rangin,

2003). The occurrence of ophiolite and tectonic

slices of glaucophane-bearing high-pressure

metamorphic rocks at this fault in the central

burma basin and indo-burman ranges

generally results from collision and subduction

processes between india and asia (swe, 1981;

mitchell, 1993; hall, 2002; Vigny et al., 2003;

shi et al., 2008).

in some serpentinite blocks of the

corresponding ophiolitic mélange, jadeitite is

found as vein or dyke-like body (chhibber,

1934). The size of the jadeitite bodies ranges

from 1-10 m in width and 10-20 m in length. The

boundaries of these bodies to the hosting

serpentinized peridotite are marked by chlorite

and/or actinolite schist (shi et al., 2003). The

jadeitite partly shows a transition to albitite. The

occurrence of kosmochlor within the jadeitite

and albitite also indicates that this mineral has

been formed in a specific cr-rich chemical

environment.

P-T conditions for the metamorphism of a

garnet-bearing mica schist, representing the

country rock close to the jadeitite bodies in

Tawmaw, were derived from thermodynamic

calculations resulting in a high-pressure stage

(16-19 kbar) at 470-540 °c (nyunt, 2009). These

P-T conditions could be also verified for a

glaucophane schist, sampled close to a jadeitite

body (nyunt, 2009). as discussed by harlow et

al. (2007), jadeitite may have been equilibrated

at somewhat lower T and P, compared to other

high-P metamorphic lithologies of ophiolitic

mélanges throughout the world.

shi et al. (2008) performed u-Pb dating on

zircons from the myanmar jadeitite. inner zircon

zones with oscillatory zoning and inclusions of

mg-rich minerals with an age cluster of 163.2 ±

3.3 ma are interpreted to be related to the

formation of oceanic crust and/or hydrothermal

overprint (serpentinization, rodingitization).

another zircon zone with a mean age of 146.5 ±

3.4 ma shows inclusions of jadeite/sodic

pyroxene. This zone was interpreted to have

been formed at high-pressure conditions possibly

related to subduction of the eastern indian

oceanic plate. however, the invoked old

subduction event seems to be in conflict with the
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younger collisional history.

Vesuvianite has been detected in just one of the

studied jadeitites samples (mJ11) which were

collected on a dump in the Tawmaw ophiolitic

zone, close the jade mine near Tawmaw village,

myitkyina district, myanmar.

PeTroGraPhy

The vesuvianite-bearing sample mJ11 belongs

to an almost monomineralic jade variety. The rock

contains about 97 % of jadeite showing medium

to fine grained granoblastic texture with grain

sizes ranging from 0.05 to 3 mm. This

heterogeneous grain size distribution reflects

deformation, localized along shear planes, and

subsequent fine-grained dynamic recrystallization

of stressed crystals. uneven extinction observed

under the microscope with crossed polarisers is a

common feature for many of the larger grains of

jadeite. Vesuvianite amounts to ~1 % of sample

mJ11. This mineral forms aggregates up to 1 mm

in diameter which are either roundish (Fig. 1a) or

irregular (Fig. 1d) in shape.

The jadeite-vesuviante interface is, in some

cases, characterized by euhedral crystal faces of

jadeite. in back-scattered electron images, it can

be observed that these faces correlate with

growth zones of jadeite (Fig. 1c). occasionally,

euhedral inclusions of jadeite crystals enclosed

in aggregates of prismatic vesuvianite (up to 0.5

mm in length) are present (Fig. 1b). in these

cases, no indication for non-equilibrium between

vesuvianite and adjacent jadeite was found.

more frequently, however, the interfaces of

vesuvianite with fibrous outlines cut jadeite in

an irregular manner (Fig. 1d) pointing to

resorption of jadeite by vesuvianite. rarely, the

latter phase is intergrown with apatite.

most vesuvianite is strongly altered along

cracks and grain boundaries (Fig. 2b). brownish

alteration products are composed of smectite-

type sheet silicates, limonite, and a Tio2 phase.

These products amount to ~2 % of sample mJ11.

because there is no albite or analcime replacing

jadeite but limonite and smectite formed at the

expense of vesuvianite, it is suggested that this

alteration represents a very-low T, near-surface

process involving oxidation of Fe2+. 

accessory minerals comprise albite, K-

feldspar, apatite, pectolite, and grossular,

altogether amounting to less than 1 % of sample

mJ11. all these minerals are very small (< 20

µm in most cases) and, except albite, in apparent

textural equilibrium with jadeite. For instance,

the observed grossular occurs as inclusion in

jadeite.

mineraL chemisTry anD sPecTroscoPic

inVesTiGaTion

Methods

because of the unusual occurrence of

vesuvianite in a high-pressure environment, we

verified the identity of this mineral by micro

raman spectroscopy using a high resolution

Witec crm200 spectrometer. This spectrometer

was equipped with a frequency doubled nd-yaG

laser (523 nm). scattered raman light was

collected in 180° backscattering geometry and

dispersed with a grading of 600 groves/mm. a

100x objective lens with a numerical aperture of

0.9 was used.

The chemical compositions of minerals in

sample mJ11 were analysed with a cameca

sX100 electron microprobe equipped with five

wavelength-dispersive spectrometers (WDs).

The applied acceleration voltage and beam

current were 15 kV and 10 or 20 na depending

on the stability of the analysed minerals under the

electron beam. The beam diameter was normally

set to 6 μm, but in case of small grains reduced

to 1 μm. For vesuvianite, the concentrations of

si, al, Ti, mg, mn, Fe, ce, ca, and na were

quantitatively determined using the following

standards: albite (na), wollastonite (ca, si),
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periclase (mg), synthetic corundum (al), rutile

(Ti), cePo4 (ce), rhodonite (mn), and hematite

(Fe). counting times for full analyses were 20 s

on peak and background of each element except

ce (40 s counting time). The PaP correction

procedure (Pouchou and Pichoir, 1991) provided

by cameca was applied. With the selected

analytical conditions, the following elements

analysed on several vesuvianite grains were

found to be below the detection limit of the

applied conditions of the electron microprobe: cl

(detection limit: 0.04 wt.%), F (0.4), K (0.06), sr

(0.3), ba (0.05), cr (0.04), Zr (0.26), nb (0.15),

V (0.10), cu (0.11), Pb (0.10), Th (0.19) and u

(0.08). WDs scans performed with the electron

microprobe showed no discernable peak at the b

Ka position. Thus, it was concluded that boron,
if at all, is only present in subordinate amounts in

vesuvianite. The same major elements as

determined for vesuvianite were also analysed in

jadeite. concentration maps for major elements

were prepared by step-wise movement of the

rock thin-section under the electron beam of the

microprobe. 

Fig. 1 – (a) roundish aggregate of vesuvianite crystals embedded in a colourless matrix of jadeite. The vesuvianite is partly

replaced by yellowish smectite and brownish/black limonite. The black arrow points to an inclusion of jadeite in the vesuvianite

aggregate. sample mJ11, plane polarized light. (b) inclusions of almost euhedral jadeite crystals (grey) in vesuvianite (bright)

strongly altered to smectite (dark). image is 0.5 mm across. (c) euhedral jadeite crystals adjacent to vesuvianite aggregate. in

the lower left, note the visible growth zoning in jadeite that is parallel to the crystal faces of this mineral against vesuvianite.

image is 0.5 mm across. (d) strongly altered fibrous vesuvianite with irregular interfaces to matrix jadeite suggests a non-

equilibrium replacement reaction. image is 0.3 mm across.

a

b

c

d
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Verification of vesuvianite by Raman spectrometry

raman spectra of vesuvianite have been

acquired from several grains in sample mJ11. all

collected spectra show the same peak positions

and relative intensities. a representative

spectrum is shown in Fig. 3. The peak positions

of the acquired raman spectra were compared

with a reference vesuvianite spectrum (no.

r060170 provided by the rruFF™ Project,

http://rruff.info). as the coincidence of the

measured peak positions with this reference

spectrum is very good, the investigated mineral in

sample mJ11 must be indeed vesuvianite (Fig. 3).

Vesuvianite chemical composition 

representative mineral analyses of vesuvianite

in sample mJ11 are given in TabLe 1. concerning

the major elements, the mJ11 vesuvianite

corresponds to analyses of this mineral from

elsewhere (e.g., Gnos and armbruster, 2006).

however, the high na2o content of up to 1.5 wt.%

is a peculiar feature of the vesuvianite from the

high-pressure jadeitite from myanmar, which is

higher than in this mineral from elsewhere. an

even higher value of 1.75 wt.% na was recently

only measured in vesuvianite from Guatemala

(pers. communication G. harlow, 2009). 

The general formula of vesuvianite is

X19y13T5Z18o68(W)10 with the most common

cations being (ca, na) in X, (al, mg, Fe, mn, Ti)

in y, and si in Z. anions in W are (oh, o, F, cl).

The T-site is vacant in common vesuvianite, but

may occasionally contain some al, Fe3+, and b

(Groat et al., 1994). For the calculation of the

structural formulae, it is generally proposed to

normalize vesuvianite analyses to 50 cations

(e.g., Groat et al., 1992; Gnos and armbruster,

2006), not considering a partial occupancy of the

T-site. For our vesuvianite, this procedure

resulted in average Z-site and X-site occupancies

Fig. 2 – (a) Distribution of Ti in a vesuvianite aggregate (lower left of Fig. 1a). Two growth episodes can be distinguished:

the core zones are characterized by a relatively low Ti content (dark in image) whereas the rims are higher in Ti (bright). Line

a – b indicates the measured profile of Fig. 4. small white grains are either limonite or Tio2 left behind by the alteration of

vesuvianite to smectite. scale bar is 100 µm. (b) Photomicrograph of the lower right portion of the Ti distribution image of

Fig. 2a. The dots from a to b indicate the positions of the chemical analyses presented in Fig. 4. Low refractive indice or

dark: smectite, partly stained by limonite; matrix of vesuvianite: jadeite.

a

b
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of 17.75 and 18.73 cations, respectively, being

below the ideal values of 18 and 19. in contrast,

the y-site cations are above the ideal value of 13,

showing a mean value of 13.32 cations.

Therefore, it is obvious that the T-site is partially

filled, as it is the case for high-grade

metamorphic vesuvianite from elsewhere

(“excess-y”; Groat et al., 1994; Gnos and

armbruster, 2006). accordingly, we normalized

si to 18 cations as proposed by Gnos and

armbruster (2006). The assumption to restrict the

Z site to si as sole cation may be particular

appropriate for vesuvianite from a high-pressure

metamorphic environment at elevated

temperature as the potential tetrahedral site

element al generally prefers higher coordinated

sites in high-pressure minerals. The resulting

cation total of the X-site is 18.89 as mean value

and, thus, close to ideality with a slight deficiency

only. assuming that the y-site contains 13 cations

in total, an average value of 0.26 cations can be

assigned to the T-site. because we did not find

boron in vesuvianite, it is assumed that the T-site

cations mainly consist of al. The oh content is

calculated from charge balancing (h = 156 – F –

cl – valencies of cations). The resulting mean

value of 7.6 is relatively low compared to the

ideal value of 9 per formula unit (pfu). 

a peculiar feature of mJ11 vesuvianite is the

relatively high content of na up to about 1.5

wt.% na2o. in most published analyses of

vesuvianite from elsewhere, the content of this

element (as oxide) is below 0.4 wt.%, or even

below the detection limit. in contrast, compared

to common vesuvianite, Feo and mgo are

present only in low concentrations averaging 2.2

and 0.7 wt.%, respectively. The analysed Tio2

content of 1.0 to 3.3 wt.% is in the range of

analyses of vesuvianite from elsewhere.

Fig. 3 – raman spectrum (raw data, upper line) of vesuvianite from jadeitite sample mJ11 in comparison with a vesuvianite

reference spectrum (lower spectrum, no. r060170, provided by the rruFF™ Project, http://rruff.info). The reference

spectrum is corrected for background intensity.
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Chemical zoning in vesuvianite

chemical mapping with the microprobe was

applied to record chemical zonation. The most

obvious zoning concerns the Ti content (Fig. 2a).

The core zone of a vesuvianite aggregate is

characterized by a relatively high and constant

Ti content. Towards the rims, the Ti content

decreases and then again continuously increases

in the outer rim. on the basis of the Ti

distribution image, a profile was selected

perpendicular to the zoning (line a-b in Fig. 2).

along the profile (Fig. 4), the strong Ti zoning

is discernable as in the distribution map: a high

and relatively constant Ti content in the core is

dropping at a sharp boundary from about 1.1 to

0.4 pfu and, then, increasing up to 1.2 Ti pfu in

the outer rim. The sodium zoning is roughly

parallel to that of Ti, but not as strong.

Particularly al and to a lesser degree ca show an

opposite zoning compared to Ti. iron and mg are

almost constant along the profile. cerium is

present in minor amounts in the core of the

vesuvianite aggregate whereas the rim is devoid

of ce. similar zoning patterns can also be

observed in other vesuvianite aggregates of the

same sample.

The described zoning pattern can be

interpreted as a (oscillatory) growth zoning. in

Fig. 2, two growth cycles are present. in

addition, there is another type of intra-crystalline

zoning discernable in bse images (Fig. 5): a

darker core occasionally occurs in individual

crystals. in contrast to the aforementioned

zoning pattern, this zoning seems to be due to an

incomplete equilibration of newly grown

vesuvianite with an earlier vesuvianite

composition. actually, if plotted in a diagram Ti

vs. na (Fig. 6), it can be recognized that these

few relic compositions analyzed follow a

different trend compared to all othevvr analyses.

These relic vesuvianite compositions are

characterized by relatively low Ti and high na

contents.

Cation substitution mechanism in vesuvianite

The major cation in the X site and y site of

vesuvianite is ca and al, respectively. The

replacement of al by Ti, Fe2+ and mg, and of ca

by na and ce (and probably further rare earth

elements with contents at and below the

detection limit) requires charge balance

considerations. a mechanism commonly

proposed for the incorporation of Ti into

vesuvianite is the coupled substitution (see

hoisch, 1985; Fitzgerald et al., 1992; Groat et

al., 1992; Gnos and armbruster, 2006)
Fig. 4 – Profile from rim (a) to core (b) in vesuvianite. The

location of the profile is indicated in Fig. 2.
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(1) Ti + (mg,Fe2+,mn2+) = 2 al.

however, in sample mJ11, the amount of mg

+ Fe2+ + mn2+ is almost constant at a value of c.

1.3 cations pfu except in the relic cores which

contain c. 1.0 mg + Fe2+ + mn2+ pfu.

accordingly, substitution mechanism (1) can be

ruled out as a major one for Ti incorporation.

however, substitution of al by Ti is strongly

suggested by a good negative correlation of al

and Ti with a slope close to -1. The required

charge balance can be provided by na-ca

substitution (Groat et al., 1992):

(2) Ti + na = al + ca.

actually, a significant cluster of compositions

show an equal amount of na + Ti of about 1.2

cations pfu (Fig. 6). however, in case of Ti-

poorer compositions, the amount of na is too

high to be exclusively explained by substitution

mechanism (2). This is particularly true for the

relic core compositions. a further mechanism is

required to account for the too high na content.

a possible substitution to keep charge balance

despite na incorporation is

(3) na + o = ca + oh.

a plot of na pfu versus the calculated oh

content, however, shows no correlation ruling

out mechanism (3) for the studied vesuvianite.

The correlation of na versus Fe + mg + mn of

about -1 suggests that, despite some scatter, the

substitution 

(4) na + al = ca + (Fe+mg+mn)

is of importance. Vacancies in the T site may

also be considered for the charge balance, for

instance, by:

(5) na + 0.33 alT-site = ca + 0.33 □T-site

however, a negative correlation was found for

the total of cations in the (y + T) sites and na

also ruling out this substitution for na

incorporation.

summarizing, substitution (2) is important to

understand the incorporation of na and Ti into

vesuvianite, but also substitution (4) should be

considered for na incorporation into this

mineral.

Alteration of vesuvianite

The alteration phases of vesuvianite are

limonite and a brownish sheet silicate.

microprobe analyses reveal that the latter mineral

has the chemical composition and anhydrous total

of ~ 85 wt.% typical for smectite (TabLe 2). 

Composition of jadeite

The jadeite analyses have been normalized to

4 cations and 6 oxygen. The resulting cation

distribution corresponds to near end-member

jadeite with jadeite contents ranging from Jd94 to

Jd99 (TabLe 2). a minor oscillatory growth

zoning may be present in the core portion of

jadeite with a slight ca enrichment at the end of

each oscillation zone.

PeTroLoGicaL siGniFicance oF VesuVianiTe in

JaDeiTiTe JaDe

The formation of jadeitite is generally

interpreted as due to extensive serpentinite – na-

rich hydrous fluid interaction along channelized

Fig. 5 – bse image of vesuvianite, sample mJ11.

occasionally, in vesuvianite, dark cores are discernable in

bse images. These cores are interpreted as relic of an early

formed vesuvianite. black: alteration phases. scale bar is

20μm.
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Fig. 6 – element correlations in vesuvianite from jadeitite sample mJ11. oblique lines have a slope of 1 or -1. Filled symbols:

early formed vesuvianite; open circles: lately formed vesuvianite.
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fluid flow zones (e.g., harlow and sorensen,

2004; sorensen et al., 2006). The na-rich

environment leading to the formation of jadeite

is also reflected by the high na content of

coexisting vesuvianite. The largest chemical

variation in vesuvianite, however, concerns Ti.

it can therefore be speculated that this element

was, in our case, of significance for the

formation of vesuvianite as it can be introduced

in jadeite only in subordinate amounts. in

addition, it has to be considered that vesuvianite

contains ca as major element, in contrast to

jadeite. 

based on the above observations, it is

suggested that the formation of vesuvianite is the

result of a specific chemical environment.

obviously, mineral reactions leading to the

formation of vesuvianite have not been

isochemical reactions but involved a (hydrous)

fluid phase. considering the ideal composition

of vesuvianite, such a reaction involving a Ti

mineral such as titanite, caTisio5, may be (for

simplification, fluid species are not considered

as ions but as oxide components): 

(r1) 19 titanite + 2(mgo)fluid + 11(alo1.5)fluid

+ 4.5(h2o)fluid

= vesuvianite + 19(Tio2)fluid + 1(sio2)fluid.

rocks influenced by extensive hydrothermal

infiltration are usually composed of a few

minerals or a single phase only, reflecting that

chemical variables (chemical potentials or

activities) of most or of all components are

externally controlled by the fluid phase, in the

sense of Korzhinskii (1959). in the studied rock

with vesuvianite, this was probably also the case

for cao and Tio2. Thus, these two chemical

parameters may be used as monitor in an

isothermal-isobaric chemical potential diagram

(Fig. 7). in addition to jadeite and vesuvianite,

titanite and rutile are considered in this diagram,

because these Ti-minerals occur as secondary

phases in jadeitite (harlow et al., 2007). 

Possible scenarios to explain the presence of

vesuvianite in jadeitite comprise either a local

source of ca and Ti or an externally controlled

variation of the composition of the fluid phase.

on the basis of Fig. 7, it can be speculated that

locally high chemical potentials of Tio2 and

cao were active during dissolution of a Ti

mineral such as titanite which could represent a

relic in the rock being metasomatized and

transformed to jade. Dilution of a local fluid by

an externally compositionally controlled fluid

phase leads to a decrease of the chemical

potentials of Tio2 and cao which can result in

the formation of vesuvianite (path b → a in Fig.

7). in case of complete equilibrium with the

externally controlled fluid phase, a

monomineralic rock (jadeitite) would finally

wt.% Jadeite smectite

sio2 58.52 58.79 59.55 49.02 49.05

Tio2 bdl bdl bdl 0.30 0.57

al2o3 25.30 25.53 23.93 12.86 12.37

cr2o3 bdl bdl bdl bdl bdl

Feo 0.06 0.05 0.18 7.34 10.55

mno bdl bdl 0.02 0.09 0.10

mgo 0.07 0.08 0.92 12.43 11.75

cao 0.20 0.07 1.54 0.81 0.72

na2o 15.00 15.09 14.11 0.23 0.24

K2o bdl bdl bdl 0.66 0.72

Total 99.14 99.60 100.27 83.08 85.34

si 1.987 1.986 2.0040 3.656 3.628

al 0.013 0.014 0.000 0.344 0.372

s 2.000 2.000 2.004 4.000 4.000

al 1.000 1.003 0.949 0.787 0.706

Ti 0.000 0.000 0.000 0.017 0.032

cr 0.000 0.000 0.000 0.000 0.000

Fe3+ 0.000 0.000 0.000 0.000 0.000

Fe2+ 0.001 0.001 0.005 0.458 0.653

mn 0.000 0.001 0.001 0.006 0.006

mg 0.004 0.004 0.046 1.382 1.296

ca 0.007 0.003 0.056 0.064 0.057

na 0.987 0.988 0.920 0.033 0.034

K 0.000 0.001 0.000 0.062 0.068

s 2.000 2.000 1.9760 2.809 2.852

TabLe 2

Representative analyses of jadeite and smectite.

bld = below detection limit. 
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result. a further parameter to be considered is

the chemical variation of vesuvianite coexisting

with jadeite. a decrease of the activity of the end

member ca19mg2al11si18o69(oh)9 by variable

incorporation of Ti (and na for charge balance)

would enlarge its stability field (Fig. 7). in case

of chemical equilibrium between jadeite and

vesuvianite, the latter mineral would get

continuously richer in Ti during progressive

dilution of the local fluid which is influenced by

the dissolution of a precursor mineral such as

titanite. instead of titanite, other Ti minerals such

as Ti-rich spinel, rutile or ilmenite could have

been formerly present.

in many cases in sample mJ11, however,

vesuvianite crystallized at the expense of jadeite

suggesting an alternative process which is more

probable. This process is related to an externally

controlled increase of the chemical potentials of

ca (and of mg, Fe, Ti) of the fluid phase (path

a → b in Fig. 7). at first, at the two-phase

boundary jadeite-vesuvianite of Fig. 7, the latter

mineral crystallized in equilibrium with jadeite.

This was probably the case in Fig. 2d, where

euhedral jadeite coexists with vesuvianite.

afterwards, higher ca contents of the fluid

phase resulted in vesuvianite replacing jadeite

(Fig. 2e). still higher chemical potentials of

Tio2 and cao would result in the crystallization

of a Ti mineral such as titanite, being a common

secondary mineral in jadeitite from elsewhere

(harlow et al., 2007). The chemical variation of

vesuvianite as oscillatory zoning would have

been caused by pulses of external fluids. The

formation of other ca minerals such as grossular

or pectolite could probably be related to a

compositionally different (Ti-poorer?) fluid

phase compared to the one responsible for

vesuvianite formation.

For jadeitite in general, a temporal sequence

can be observed from na-rich (jadeite) to ca-rich

minerals, e.g., vesuvianite, grossular, pectolite,

titanite, and actinolite (cf., harlow et al., 2007)

which can be interpreted in terms of geologic

processes. The chemical environment during

jadeite formation is mainly controlled by fluids

in chemical equilibrium with the host

peridotite/serpentinite that acts as a sink

particularly for elements such as ca, Fe, mg, Ti

due to formation of, e.g., serpentine, talc,

magnetite, and carbonate minerals. During

exhumation, such an environment is

progressively disturbed by the dismembering of

an ophiolite resulting, for instance, in an

ophiolitic mélange. Thus, rock types other than

serpentinite such as blueschist, mica-schist, or

eclogite are getting in contact with jadeitite.

These basic to acidic rock types are a ca source

for fluids becoming chemically different

compared to the original serpentinite-controlled

fluids.

a quantitative calculation of the invoked

Fig. 7 – schematic chemical potential diagram at constant P

and T (components in the fluid phase simplified to oxide

components). The chemical potentials of the other

components of the phases are considered to be externally

controlled. (1) is the stability limit for end-member

vesuvianite, (2) for low Ti vesuvianite, and (3) for high Ti

vesuvianite. Path a → b indicate the mineral sequence with

increasingly higher chemical potentials of cao and Tio2.
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processes does not seem to be possible because

of the poor knowledge of the thermodynamic

properties of vesuvianite. There are only a few

experimental data available on the P-T stability

of vesuvianite (Plyusnina et al., 1994; hochella

et al., 1982). moreover, all experiments have

been performed at low pressure, and, thus, no

data are available for high-P conditions. For

instance, variations in P-T conditions might be

responsible for omphacite with high Tio2 content

of up to 7.5 wt.%, described by harlow (2003)

from Guatemala and Japan, formed instead of

jadeite + vesuvianite. at least, an important

conclusion of the presented observation is that

vesuvianite is stable under high pressure

condition, for instance, in the stability field of

jadeite. 
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