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1. Introduction

During the past decade, the origin of potassium

feldspar (Kfs) in ultrahigh-pressure (UHP) rocks has

drawn the attention of many workers because Kfs

only occurs as blebs and microveins in clinopyroxene

(Cpx) and never is associated with other minerals.

The Cpx +Kfs paragenesis occurs in eclogitic nodules

from kimberlitic pipes (cf. Reid et al., 1976) and in

the UHP metamorphic rocks of the Kokchetav Mas-

sif, Siberia (e.g., Sobolev and Shatsky, 1990; Perchuk

et al., 1995; Zhang et al., 1997). Superficially, the

Cpx +Kfs paragenesis appears similar in rocks of

different origins and compositions. However, detailed

studies show that the composition of Cpx, the shape

of the Kfs blebs and their distribution in the Cpx host

are different in the rocks of different origin. We

demonstrated wide variations of potassium content

in Cpx from the specific Fe-rich, diamond-free,

coarse-grained garnet (Grt)-Cpx rocks from the
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Kumdy-Kol Mine in the Kokchetav Complex (Per-

chuk et al., 1996; 2002; Bindi et al., 2003). The K2O

content in cores and centres of K-Cpx inclusions in

garnet is nearly constant, but drops dramatically at

their rims. We explained this sharp decrease by

simultaneous crystallization of Kfs with new gener-

ation of the Cpx (Cpx2). The K2O concentration in

Cpx2 is similar to that of the low potassium Cpx1.

Therefore, the Cpx2 should contain more Kfs blebs.

Kfs blebs of different shapes, comprising 4–5 vol.%,

are observed in the central portions of the Cpx2

grains, while Kfs blebs never occur in potassium-

free, Cpx coronas (Cpx3).

The systematic zoning and sequence of crystalli-

zation of minerals in the rocks led us to conclude that

they originally crystallized from a silicate melt at a

depth of about 200 km. Subsequent evolution of these

rocks resulted from ascent and cooling (Perchuk et al.,

2002). However, in addition to K-Cpx, Grt also

contains small, well-preserved carbonate inclusions;

moreover, calcite likewise occurs in the matrix. Based

on these observations, we suggested an initial coex-

istence of separate carbonate and silicate melts but did

not comment on the primary nature of these melts

(Perchuk et al., 2002).

The crystallization of potassium-bearing clinopyr-

oxene (K-Cpx) at the liquidus in diverse silicate and

carbonate–silicate systems is supported by the results
s reserved.
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of UHP experiments (Edgar and Vukadinovic, 1993;

Mitchell, 1995; Edgar and Mitchell, 1997), including

those systems whose compositions are close to those

of the Kokchetav rocks (Safonov et al., 2002). The

origin of the Kfs blebs within Cpx2 suggests the

reaction:

KAlSi2O6ðin CpxÞ þ ½SiO2�meltZKAlSi3O8 ð1Þ
or

Ca(Fe,Mg)Si2O6�nKAlSi2O6 (in Cpx)+[SiO2]meltZ
nKAlSi3O8 + Ca(Fe,Mg)Si2O6 because no eskolaite

(Esk) component (Ca0.550.5AlSi2O6) was observed

in numerous Cpx2 analyses. It should be mentioned

that we thoroughly tested the ‘‘Esk reaction’’ (Luth,

1997) in application to the formation of Cpx2 +Kfs

assemblage and concluded that ‘‘. . . KCpx (Cpx1)
Fig. 1. Backscattered images of potassium-bearing Cpx included into garne

Kumdy-Kol Mine, the Kokchetav Complex. No Kfs blebs are present.
from garnet-Cpx rocks of the Kokchetav Complex

does not contain the Esk end-member’’ (Perchuk and

Yapaskurt, 1998; Perchuk et al., 2002, p. 103). There-

fore, the reaction:

3KAlSi2O6 þ 2Ca0:550:5AlSi2O6

¼ 3KAlSi3O8 þ CaAl2SiO6 ð2Þ

or K-Jadeite in Cpx (K-Jad) + Ca-Eskola end mem-

ber (Esk) =K-feldspar (Kfs) + Ca-Tschermakite (Tsch)

is not valid for the diamond-free, coarse-grained

rocks occurring in the Kumdy-Kol Mine.

Presumably, Zhu (2003) did not read our paper

(Perchuk et al., 2002) carefully and therefore incor-

rectly understood our conclusion about the origin of

Kfs blebs in the Cpx2. This appears to be the only
t of the Fe-rich, diamond-free, coarse-grained Grt-Cpx rock from the
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reason for their criticism of our idea concerning the

role of reaction (1) in the formation of Kfs blebs. On

the other hand, the comments of Zhu allow us to

expand our discussion of this very interesting prob-

lem.
2. The rock types discussed

In our papers we outlined the above rock type in

which the K-rich Cpx1 at liquidus is changed by the

crystallization of the Cpx2 with the Kfs blebs (Per-

chuk et al., 1996; 2002). These rocks occur as large

boudins and lenses in Grt-Bio diamondiferous

gneisses. Major rock-forming minerals in these bou-

dins and lenses are Fe–Ca garnet (XMg
Grt = 0.05–0.15;

XCa
Grt = 0.75–0.80) and Cpx (XMg

Cpx = 0.4–0.6). Primary

garnet contains inclusions of the euhedral K-Cpx

(Fig. 1). This K-Cpx shows systematic chemical

zoning (Perchuk et al., 2002). Primary K-Cpx never

coexists with Kfs. Cpx2 forms large, up to centimeter

in size, porphyroblasts (or porphyroclasts?) and rare

euhedral fine grains included in Grt containing Kfs

blebs (Fig. 2a and b). On one hand, the Kfs inclu-

sions in garnet (Fig. 2a) suggest that the crystalliza-

tion of garnet continues after the formation of Cpx2,

and on the other, Kfs blebs are not the products of

the Cpx1 exsolution. The Cpx3 which does not

contain Kfs blebs surrounds Cpx2 (Fig. 2b). In some
Fig. 2. Backscattered images of Cpx2 and Cpx3 in the Fe-rich, diamond-

Kokchetav Complex. (a) Very fine inclusions of Kfs in Cpx2 included in ga

Kfs2, (2) symplectites of Cpx2 with Kfs2, and (3) the Kfs blebs-free Cpx3
samples, Cpx2 porphyroblasts contain rare quartz

inclusions of 5–10 Am in size, amounting to less

than 1 vol.%. Besides the blebs and intergrowths,

Kfs occurs as late (Kfs2) microveins crosscutting all

generations of Cpx (Perchuk et al., 2002). The Kfs of

all generations is pure orthoclase. Outside of the

porphyroblasts, Cpx3 forms intergrowths with Kfs

(Fig. 2b), resembling eutectic relationships. Titanite

and rutile are common primary accessories in the

rocks. No epidote, chlorite nor albite occur either in

blebs within Cpx2, or in any other primary form.

Thus, the mineral and bulk compositions of the

Fe-rich Cpx-Grt silicate rocks discussed in our

papers (Perchuk et al., 1996; 2002) strongly differ

from those in the Mg-rich marble described in Zhu’s

paper. Although we never mentioned a protholith of

the rock, Zhu attributes to us the idea that the

formation of the Cpx-Grt bearing silicate rock

resulted from ‘‘melting of a metamorphic rock.’’

We have to reiterate that the Kumdy-Kol Mine

portion of the Kokchetav massif is characterized by

different types of magmatic and metamorphic UHP

rocks. Therefore, in order to make a decision on the

origin of Kfs blebs in silicate rocks, we cannot use

compositional and textural characteristics of meta-

morphic rocks. The comparison of chemistry of Cpx

occurring in silicate rocks (our case) and those

occurring in carbonate rocks (Zhu’s case) has no

significance.
free, coarse-grained Grt-Cpx rock from the Kumdy-Kol Mine, the

rnet. (b) Mineral zoning around garnet: (1) symplectites of Grt with

coronas.



Fig. 3. The diagram demonstrating principal difference between compositions of Cpx from silicate rock (Perchuk et al., 1996; 2002) and marble

(Zhu, 2003) in terms of Ca content in the M2 site. Open circles represent data points of Cpx from silicate rock (Perchuk et al., 1996, 2002);

closed circles represent data points of Cpx from marble (Zhu, 2003).
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In order to test the models in terms of reaction

(2), we must compare the predominant substitution

mechanisms in K-Cpx (Cpx1) and Cpx2. Cpx1 and

the Cpx2 from marbles ‘‘. . .are characterized by

higher content of Ca’’ (Dobretsov et al., 1971, p.

176) that completely occupies the M2 site. Fig. 3

illustrates this pattern, while the Cpx from Grt-Cpx

bearing silicate rock show a lack of Ca with respect

to K, Na, Fe and Mg, suggesting saturation of the

M2 site by K and Na instead of Ca with the charge

compensation by Al and Fe3 + in the M1 site. The

excess Ca in the M2 site of Cpx1 from marble (Fig.

3) suggests that the Esk component is not character-

istic of the primary Cpx in the rock.

Any model addressing the formation of K-Cpx

must demonstrate clear evidence for (Fe, Mg)Si2O6–

KAlSi2O6 solid solution in Cpx1. Furthermore, in

order to use reaction (2), the Ca0.550.5AlSi2O6

component in the primary Cpx1 must occur, while

Cpx2, the product of reaction (2), (i) must be Tsch-

rich and (ii) must contain Kfs blebs.
3. Cpx from the silicate rock

From our observations, Cpx crystallized in three

generations. The first one, K-Cpx (Perchuk et al.,

1995; 1996), occurs as inclusions in garnet, and never
contains Kfs blebs. Cpx2 contains little or no potas-

sium (Perchuk et al., 2002) but contains up to 4–5

vol.% Kfs blebs. Cpx3 surrounds Cpx2, and contains

neither K2O nor Kfs blebs. However, it forms sym-

plectites with orthoclase (Fig. 2). Thus, all three

generations of Cpx differ in morphology, and presum-

ably, in chemical composition. Apart from a brief

discussion by Perchuk et al. (1995), a significant

number of chemical analyses of all three generations

of Cpx have not been published. We take this oppor-

tunity to do so.

Most of the Cpx compositions were determined

using a CamScan electron microscope fitted with a

well-standardized EDS Link AN10/85S (Department

of Petrology, Moscow State University). Additional

analyses were made using a wave-length Camebax

SX50 instrument at the Institute of Experimental

Mineralogy and a JEOL JXA 8600 instrument at the

Dipartimento di Scienze della Terra, Università di

Firenze. More than 130 and 110 probe analyses were

produced for Cpx1 and Cpx2, respectively, as well as

a few dozen analyses of Cpx3. Representative analy-

ses of all three generations of Cpx from coarse grained

Grt-Cpx silicate rocks from the Kumby-Kol Mine are

shown in the Table 1.

The following scheme was applied to recalculate

the Cpx formula (per 6 oxygen atoms) for site occu-

pancy: AlT=2-Si, AlM1=Al–AlT, Fe3+=Na-(Al-2�
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AlT–K)�2�Ti, (Mg+Fe)M1=1�(AlM1+Cr+Ti+Fe3+),

Mg
M1

=X Mg
Cpx�(Mg+Fe)M1, FeM1=(1�X Mg

Cpx)�(Mg+

Fe)M1 (tentatively assuming uniform distribution of

Mg and Fe between M1 and M2), MgM2=Mg–MgM1,

F eM 2 = F e – F eM 1 ,5M2= 1�( C a +Na+K+Mn+

MgM2+FeM2). Admitting that 5M2 can be compen-
Table 1

The chemical compositions clinopyroxenes from garnet–pyroxene silicate

Generation K-Cpx1

Sample Kum-39 Kum-40 Kum-40 K

Spot L_A3 L_A1 L_A2 4

SiO2 51.39 50.43 50.54 5

TiO2 0.06 0.15 0.16

Al2O3 0.65 1.42 1.48

FeO 17.91 17.21 17.31 1

MnO 0.38 0.48 0.51

MgO 6.92 6.91 6.85

CaO 21.94 22.65 22.92 2

Na2O 0.16 0.12 0.10

K2O 0.57 0.50 0.45

Total 99.98 99.87 100.32 9

Cations ratios (per 6 oxygens)

Si 2.007 1.973 1.969

Ti 0.002 0.004 0.005

Al 0.030 0.065 0.068

Fe 0.585 0.563 0.564

Mn 0.013 0.016 0.017

Mg 0.403 0.403 0.398

Ca 0.918 0.949 0.957

Na 0.012 0.009 0.008

K 0.028 0.025 0.022

Results of calculation

XMg=Mg/(Mg+Fe) 0.411 0.423 0.420

Fe3+ 0.007 0.014 0.014

AlT 0.000 0.027 0.031

AlM1 0.030 0.038 0.037

K+Na 0.040 0.034 0.030

AlM1 +Cr + Ti + Fe3+ 0.039 0.057 0.056

[K +Na +Ca +Mn]M2 0.971 0.999 1.003

[Mg+ Fe]M1 0.961 0.943 0.944

MgM1 0.395 0.399 0.396

FeM1 0.566 0.544 0.548

MgM2 0.008 0.003 0.001

FeM2 0.011 0.005 0.002

Total cations 3.997 4.007 4.007

[T] 2.007 2.000 2.000

[M1] 1.000 1.000 1.000

[M2] 0.990 1.007 1.007

Vacancies in [M2] 0.010 0.000 0.000
sated via the introduction of other cations in M1

(i.e., Cr, Fe3+) in addition to AlM1 to form Esk-like

components (Ca0.550.5AlSi2O6, Ca0.550.5FeSi2O6,

Ca0.550.5CrSi2O6), we have calculated an excess

cations in M1 over KAlSi2O6, NaAlSi2O6, CaAl2
SiO6, NaFeSi2O6, etc.: (Al

M1+Cr+Ti+Fe3+)–K–Na–
rocks of the Kumdy-Kol Mine, Kokchetav massif

um-40 Kum-40 Kum-02 Kum-02 Kum-02

0-8-1 40-8-2 3058 3057 2179

0.74 50.94 51.40 51.61 51.04

0.13 0.11 0.03 0.01 0.03

2.12 0.74 1.16 1.24 1.13

6.90 16.65 14.10 14.11 14.45

0.33 0.53 0.35 0.14 0.32

6.87 7.46 9.15 8.91 9.04

1.40 22.07 22.55 22.56 22.70

0.35 0.24 0.15 0.32 0.19

1.09 0.72 1.11 1.10 1.10

9.93 99.45 100.00 100.00 100.00

1.977 1.996 1.982 1.988 1.974

0.004 0.003 0.001 0.000 0.001

0.097 0.034 0.053 0.056 0.052

0.550 0.545 0.454 0.454 0.467

0.011 0.017 0.011 0.005 0.010

0.399 0.435 0.526 0.511 0.521

0.893 0.926 0.931 0.930 0.940

0.026 0.018 0.011 0.024 0.014

0.054 0.036 0.055 0.054 0.054

0.430 0.454 0.564 0.556 0.566

0.022 0.022 0.048 0.046 0.067

0.023 0.004 0.018 0.012 0.026

0.074 0.030 0.034 0.044 0.026

0.081 0.054 0.066 0.078 0.068

0.100 0.055 0.083 0.090 0.093

0.984 0.998 1.009 1.013 1.019

0.900 0.945 0.917 0.910 0.907

0.387 0.429 0.517 0.506 0.513

0.513 0.516 0.400 0.404 0.394

0.012 0.006 0.009 0.005 0.008

0.015 0.007 0.007 0.004 0.006

4.011 4.011 4.024 4.023 4.033

2.000 2.000 2.000 2.000 2.000

1.000 1.000 1.000 1.000 1.000

1.011 1.011 1.024 1.023 1.033

0.000 0.000 0.000 0.000 0.000

(continued on next page)



able 1 (continued)

L.L. Perchuk et al. / Lithos 68 (2003) 121–130126
T

Generation Cpx2 (with Kfs inclusion) Cpx3

Sample Kum-02 Kum-39 Kum-39 Kum-39 Kum-2 Kum-39

Spot 2141 2221 2213 436 421 429

SiO2 51.87 50.06 50.08 50.18 52.56 51.17

TiO2 0.05 0.00 0.01 0.00 0.00 0.00

Al2O3 0.68 0.37 0.35 0.48 0.38 0.22

FeO 13.51 19.36 18.91 21.15 13.44 18.27

MnO 0.38 0.27 0.51 0.74 0.28 0.40

MgO 9.74 6.64 6.54 4.88 10.26 6.92

CaO 23.24 22.96 23.32 22.47 22.90 22.95

Na2O 0.28 0.30 0.27 0.00 0.00 0.00

K2O 0.24 0.05 0.02 0.10 0.18 0.00

Total 99.99 100.01 100.01 100.00 100.00 99.93

Cations ratios (per 6 oxygens)

Si 1.989 1.976 1.977 1.995 2.006 2.003

Ti 0.001 0.000 0.000 0.000 0.000 0.000

Al 0.031 0.017 0.016 0.022 0.017 0.010

Fe 0.433 0.639 0.624 0.703 0.429 0.598

Mn 0.012 0.009 0.017 0.025 0.009 0.013

Mg 0.556 0.391 0.385 0.289 0.583 0.404

Ca 0.954 0.971 0.986 0.957 0.936 0.962

Na 0.021 0.023 0.020 0.000 0.000 0.000

K 0.012 0.002 0.001 0.005 0.009 0.000

Results of calculation

XMg =Mg/(Mg+ Fe) 0.574 0.396 0.396 0.291 0.576 0.403

Fe3+ 0.021 0.042 0.037 0.000 0.000 0.000

AlT 0.011 0.017 0.016 0.005 0.000 0.000

AlM1 0.020 0.000 0.000 0.018 0.017 0.010

K+Na 0.033 0.025 0.021 0.005 0.009 0.000

AlM1 +Cr +Ti + Fe3+ 0.042 0.042 0.037 0.018 0.017 0.012

[K +Na +Ca +Mn]M2 1.000 1.005 1.024 0.987 0.954 0.976

[Mg+ Fe]M1 0.958 0.958 0.963 0.982 0.983 0.988

MgM1 0.550 0.379 0.381 0.286 0.566 0.398

FeM1 0.408 0.579 0.582 0.696 0.416 0.590

MgM2 0.006 0.012 0.004 0.003 0.017 0.006

FeM2 0.005 0.018 0.005 0.007 0.012 0.008

Total cations 4.010 4.028 4.026 3.996 3.989 3.993

[T] 2.000 1.993 1.993 2.000 2.006 2.003

[M1] 1.000 1.000 1.000 1.000 1.000 1.000

[M2] 1.010 1.035 1.033 0.996 0.983 0.990

Vacancies in [M2] 0.000 0.000 0.000 0.004 0.017 0.010
AlIV. If the Esk component is indeed present, the

excess cations in M1 should be in positive correlation

with vacancies 5M2 in the proportion 2:1.

Using this scheme, all analyses were recalculated

to the end-member compositions to check the con-

centration of Esk in both Cpx1 and Cpx2. If Cpx1 is a

potential source of silica for producing the Kfs
blebs +Cpx2, both the Esk and K-Jad components

occur in Cpx1. In other words, excess cations in the

M1 site must correlate with vacancies in the M2 site in

proportion 2:1. As mentioned above, some potassium

in Cpx1 is compensated in the M1 site by other Fe3+,

Cr, and Ti, while the rest is KAlSi2O6 end-member.

By attributing all other cations as possible end-mem-



Fig. 4. Correlation between K and AlVI =AlM1–AlT– (Na + Fe3 + + 2Ti +Cr) in K-Cpx and suggesting predominantly isomorphic substitution in

the solid solution (Fe,Mg)Si2O6–KAlSi2O6. Open circles represent data points of Cpx from Fe-rich, diamond-free, coarse-grained Grt-Cpx

rocks from the Kumdy-Kol Mine, the Kokchetav Complex; the closed circles reflect analyses from marble collected from the same Mine (see

Table 1 in Zhu’s paper). It is clearly seen that all closed circles differ significantly from the (Fe,Mg)Si2O6–KAlSi2O6 solid solution, as well as

from other data points (open circles). Cpx1: inclusions of euhedral Cpx1 in garnet; Cpx2: matrix clinopyroxene containing Kfs blebs. Open

circles represent data points of Cpx from silicate rock (Perchuk et al., 1996, 2002), closed circles represent data points of Cpx from marble (Zhu,

2003); asterisks reflect rims of the Cpx2 grains from the Grt-Cpx rocks (see Fig. 6, Cpx3). Methods of calculation are discussed in the text.
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bers (hedenbergite, diopside, jadeite, aegerine and

negligible amount of Tsch) in Cpx1 at Si +AlIV = 2,

an excellent positive correlation of potassium with

AlVI in M1 in the Cpx1 was found (Fig. 4). Fig. 4a

illustrates that, apart from potassium jadeite, KAl-

Si2O6, is the only end-member that contains Al in

the M1 site of Cpx1, an indication that no Esk

component is present in Cpx1. Therefore, the Kfs

blebs cannot be formed by reaction (2) in the silicate

rocks because of absence of the Esk component in

Cpx1. Because the maximal content of potassium in

Cpx2 is similar to minimal content in Cpx1 (Perchuk

et al., 2002), a K–Al diagram for Cpx2 (Fig. 4b)

demonstrates perfect correlation of K with Al for

centers and cores, while compositions of rims are

characterized by deviation from the K =Al line. This

deviation suggests the presence of the Esk end-mem-

ber in Cpx2. Both Cpx1 (inclusions in Grt) and Cpx2

(Cpx with blebs) from marble, used by Zhu (2003),

are plotted in Fig. 4 for comparison. The comments on

Fig. 4a are extra, while diagram b in this figure needs
the special discussion that will be done in a corre-

sponding section of this paper. This relationship

suggests the presence of some amount of the Esk

component but no vacancies in the M2 site. However,

the average number of cations in this site is about of

1.01, with an average occupation of the M2 site of

about of 0.99. The T position of Cpx2 from silicate

rock is almost totally occupied by Si (average value

from 107 analyses is about 1.99). This suggests

presence of negligible amount of the Tsch in the

Cpx2. This is further evidence for the displacement

of reaction (2) to the left side for Cpx2 from silicate

rocks. All these chemical evidence are supported by

the presence of the Kfs blebs in garnet (Fig. 2a), which

cannot be the products of the Cpx1 exsolution.

No potassium is present in Cpx3. This is practically

pure salite that crystallized simultaneously with garnet

of a composition different from Grt1 by containing a

more andradite end-member, suggesting that final

crystallization of the rock took place close to the

Earth’s surface.
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4. Cpx from marble

Figs. 3 and 4 clearly illustrate that the Cpx from

marble are compositionally different from those of the

Grt-Cpx silicate rocks. In addition to the higher Ca

(Fig. 3), all Cpx from marbles show higher Mg

number (XMg
Cpx = 0.86–0.94) at very low potassium

(Fig. 4). As mentioned above, in order to produce the

Kfs blebs by reaction (2), primary K-Cpx must contain

(1) distinct amount of potassium and (2) correspond-

ing concentration of the Esk molecule, while Cpx2

containing the Kfs blebs must be potassium-free and

Tsch-rich. However, both the Cpx1 (inclusions) and

Cpx2 (matrix with blebs) described by Zhu are similar

in compositions (Fig. 3 in their paper). In addition,

there is no correlation between K and Al either in

Cpx1 or Cpx2. Fig. 4 clearly demonstrates that Kfs

blebs cannot be produced from the potassium-free

Cpx1 in marble. But perhaps Cpx1 in marble contains

Esk component, allowing the production of Kfs blebs

by intracrystalline reaction (2). The M2 site of Cpx1

from marble is almost totally occupied by Ca, Na, K,

and Mn (in Cpx1 this total reaches 1.004). Zhu and

Ogasawara do not state how the Esk content was

calculated. Nevertheless, if this end-member occurred

in Cpx1 before exsolution, Cpx2 as a product of

reaction (2), must be undersaturated in Si, because

of the Tsch content. However, an average crystallo-
Fig. 5. Diagrams showing no negative correlation between content of Si

product of reaction (2). Open circles represent data points of Cpx from sili

points of Cpx from marble (Zhu, 2003).
chemical formula of Cpx2 in Table 1 of Zhu’s paper

shows Si = 2.001. It may be that single compositions

of Cpx2 form a trend after reaction (2), suggesting an

increase of the Tsch component at the expense of the

Esk component? In this case, a negative correlation

between Si and the Esk component AlM1 should be

observed in Cpx2 from marble. However, such a

correlation is not a characteristic of this Cpx (Fig.

5). Moreover, Fig. 5 shows a weak positive correla-

tion between these compositions of all Cpx, in which

AlM1>Na +K. This suggests an increase of the Esk

component in Cpx2 and Cpx3, contradicting the shift

of reaction (2) to the right. Thus, Cpx2 from marble

shows a standard content of Si and no negative

correlation between Si and AlM1, while Cpx1 has no

vacancies in M2, i.e. no Esk component in the solid

solution.
5. Discussion and conclusions

Compositional differences preclude the direct com-

parison of rocks and minerals described by us with

those described by Zhu (2003). Most Cpx inclusions in

garnets from the Grt-Cpx rocks are potassium-rich,

while those from marble are potassium-free. No Esk

component is found to pose as a possible donor of silica

inCpx1 of the silicate rocks (Table 1). If a rock does not
and the rest of AlM1 presumably bounded in Tsch component as a

cate rock (Perchuk et al., 1996; 2002); Closed circles represent data
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contain primary potassium- and Esk-bearing Cpx

(Cpx1), there is no chance for it to contain Kfs blebs

as an exsolution product. No Tsch component is present

in Cpx2 from the silicate rock (Table 1). Since Cpx2, as

a possible exsolution product of reaction (2) does not

contain Tsch, therefore the reaction (2) cannot reflect a

mechanism of the formation of Kfs blebs in Cpx2.

Fig. 4b demonstrates small (0.005) but systematic

deviation of 19 of 107 Cpx2 data points from the

K=Al line for the Ca(Fe, Mg)Si2O6–KAlSi2O6 solid

solution. All these data relate to rims of the Cpx2

grains from Grt-Cpx rocks (Cpx3). This deviation

suggests extra Al is bonded neither with K, nor with

some other components from the M1 and M2 sites.

The only explanation can be that we have to assume

the existence of ‘‘clinocorundum’’ Al2Al2O6 in M2 of

Cpx2 from the silicate rock. However, this component

cannot be a characteristic of the Cpx2 solid solution

from marble because both M1 and M2 are oversatu-

rated by cations. For example, the total of Ca +Na +K

in the M2 site in average Cpx2 from marble equals

1.004. Even if we assume that the extra Al represents

the Esk end-member in Cpx2, it indicates the displace-

ment of reaction (2) to the left, i.e. consumption of the

Kfs blebs rather than their formation.

Thus, the data presented above demonstrate the

error produced by comparison of the Kfs blebs in the

rocks of different origin. The saying goes: ‘‘How

misleading appearances are sometimes,’’ sighed a little

hedgehog getting off the shoe brush. Our model of the
crystallization of Kfs blebs in the Cpx2 from a silicate

liquid is the only alternative unless the Kfs blebs (see

Fig. 6) form after the reaction, involving a fluid:

CaðFe;MgÞSi O6 � nKAlSi2O6ðin CpxÞ þ ½SiO2�fluid
ZnKAlSi3O8 þ CaðFe;MgÞSi2O6 ð3Þ

In addition to alkalis, such amantle-derived fluid is rich

in silica (Navon et al., 1988; Schrauder and Navon,

1994; Israeli et al., 1998). Because sanidine is not

stable at a pressure above 60 kbar (e.g., Urakawa et

al., 1994), we suggested that reaction (1) takes place at

relatively low pressures (Perchuk et al., 2002), outside

of field stability of the K-Cpx. At present, however, no

experimental data exist for (1), (2) and (3). Hopefully,

these data will appear in the near future.
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