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Abstract

The petrography and chemical composition of minerals of quartz-rich diamondiferous rocks from the Kokchetav
Massif, especially the zonation of garnet, were studied and compared with diamondiferous quartzofeldspathic rocks
from the Saxonian Erzgebirge. Many compositional and textural features were found to be similar. For instance,
microdiamonds are enclosed systematically in a specific intermediate growth zone of garnet in these rocks. On the
basis of experimental data, a magmatic scenario was constructed to check if the quartz-rich diamondiferous rocks are
of magmatic origin. By this, the P^T paths, derived here for the Kokchetav rocks, and the textural observations it is
concluded that the minerals of the diamondiferous rocks have crystallized from silicate melts. These melts originated
by anatexis of deeply submerged metasediments (Erzgebirge: at T as high as 1200‡C, Kokchetav Massif : at 50^100‡C
lower T) and ascended from at least 200 km depth. Relics of the pre-anatectic evolution are still present, for instance,
as garnet cores. After ascent and emplacement of the magma in deep portions of thickened continental crust
(Kokchetav Massif : 45^50 km close to 800‡C, Erzgebirge: 55^60 km at 30^50‡C lower T) considerable quantities of
(white and/or dark) micas formed by peritectic reactions from melt. For instance, garnets could be resorbed at this
stage and biotite grew instead. After the magmatic stage, retrogression took place much stronger in the Kokchetav
Massif. This was accompanied by deformation transforming broadly the magmatic texture of quartz-rich
diamondiferous rocks from the Kokchetav Massif to a gneissic texture.
; 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Microdiamonds in SiO2-rich rocks, probably
material from the continental crust, were unequiv-
ocally proven by ‘in situ’ studies from only two
metamorphic complexes on Earth. The ¢rst de-
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tected location of this kind of rocks is in the Early
Paleozoic Kokchetav Massif in northern Kazakh-
stan [1,2]. Recently, a second location was recog-
nized in the Late Paleozoic Saxonian Erzgebirge
[3,4] in the northwestern edge of the Bohemian
Massif. A third occurrence of microdiamonds in
felsic rocks, situated in the Norwegian Caledo-
nides (island of Fjortoft), was reported some
years ago [5]. However, so far, only some micro-
diamonds could be extracted from 50 kg Fjortoft
gneiss. For the diamondiferous quartz-rich rocks
from the Kokchetav Massif and the Saxonian
Erzgebirge ¢rst peak pressure estimates of 4^4.5
GPa at temperatures close to 1000‡C [2,3,6] were
settled just above the graphite^diamond transition
pressures. Later, because of observations such as
SiO2 exsolution and signi¢cant K contents in cli-
nopyroxene, ultrahigh pressure (UHP) as high as
7 GPa was assumed for the diamondiferous rocks
from the Kokchetav Massif [7]. The detection of
TiO2 with K-PbO2 structure (UHP-TiO2) [8] in
the Erzgebirge even points to pressures in excess
of 7 GPa according to the rutile^UHP-TiO2 tran-
sition curve [9]. At such pressures, the tempera-
tures of the Saxonian rocks with microdiamond
might have been as high as 1200‡C [10] because of
the dT/dP slope (V6‡C/kbar) of the applied Ti-
in-garnet thermometer [11]. At such high temper-
atures, melting of SiO2-rich rocks in the absence
of a hydrous £uid phase is not unlikely at UHP
conditions. Experiments at pressures of 3 GPa
and higher with pelitic, andesitic, and granitic
compositions (dry with small amounts of H2O
added) gave silicate melt coexisting with phases
such as garnet at temperatures above 1000‡C
[12^14]. A further hint of, at least, partially mol-
ten rocks at the above UHP conditions are inclu-
sions in garnet from the Erzgebirge consisting of
microdiamond, quartz, feldspars and micas. These
inclusions represent COH-bearing silicate-rich
(supercritical?) £uids (or melts depending on the
pressure for the second critical end point in a
relevant £uid^melt system) trapped during exhu-
mation but still at UHP conditions [15].
In spite of the many studies on the UHP rocks

from the Kokchetav Massif, for instance, by Ota
et al. [16] and Theunissen et al. [17], a well-con-
strained prograde and retrograde path of the P^T

evolution could not so far be derived. For the
Saxonian occurrence, the information is better,
at least, with regard to a P^T date for an early,
pre-diamondiferous stage (1.8 GPa and 650‡C, see
[18]). In addition, we know that exhumation was
accompanied by signi¢cant cooling [3]. Thus, the
aim of this study is: (1) to improve the knowledge
of the P^T evolution of UHP quartz-rich rocks
from the Kokchetav Massif, (2) to compare these
rocks with the diamondiferous Erzgebirge’s rocks,
and (3) to answer the questions which degree of
melting occurred and if it might have played a
role in the exhumation of the diamondiferous
rocks from both areas. The latter point also leads
to a central problem, namely, are or were the so-
called diamondiferous gneisses actually magmatic
rocks?

2. Sample petrography

Diamondiferous quartzofeldspathic rocks in the
central Erzgebirge occur as several lensoid bodies
(see map in [19]) close to the Saidenbach reser-
voir. Although these rocks are surprisingly similar
with regard to mode and fabric, in this paper only
the diamondiferous, hardly foliated rock from the
lens, extending several hundred meters in E^W
direction north of the southern branch in the east-
ern portion of the reservoir, is addressed. Samples
E97-1 to -4 (see [3,18]), St6100 (see [15]), and E99-
2 contain about 15 vol% of garnet homogeneously
distributed as 1^3 mm sized, misshapen grains
(Fig. 1A). A very minor amount of garnet is
due to clearly smaller, nearly idiomorphic grains.
Relics of kyanite can be as large as several mm.
They amount to about 1 vol%. However, the
rocks might once have formed from several
vol% of kyanite before its replacement by
coarse-grained muscovite (Fig. 1B). A late alter-
ation to ¢ne-grained micaceous material has fur-
ther diminished the amount of kyanite. In some
fresh kyanite cores abundant small, idiomorphic
garnets are enclosed (Fig. 1B). The rock contains
25^30 vol% of coarse-grained (meanV0.5 mm),
(almost) non-oriented muscovite. Along its grain
boundaries some biotite has formed. The domi-
nant phase is quartz. Feldspars, mainly plagio-
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clase, amount to nearly 15 vol%, including about
1% of up to mm-sized alkali-feldspar grains char-
acterized by abundant antiperthitic exsolution
bodies (Fig. 1C). In addition, small K-feldspar
grains were detected as rare interstitial ¢llings in
the quartzofeldspathic matrix. Rutile (V0.3
vol%) occurs as inclusion in all other phases but
also as up to 200 Wm sized grains in the matrix.
Further accessory phases are zircon, monazite and
graphite, appearing as rare but, generally, rela-
tively large grains (s 100 Wm) in the rock matrix.
Up to 30 Wm sized microdiamonds and (larger)
graphite pseudomorphs after diamond are en-
closed exclusively in garnet, kyanite, zircon, and
(very rarely) rutile. Various pseudomorphs en-
closed in garnet point to former coesite and a
phase that might have been K-cymrite,
KAlSi3O8WH2O [18]. Aggregates, up to several

mm in size, consist mainly of equigranular plagio-
clase, ¢ner-grained than quartz and muscovite of
the surrounding matrix, and some muscovite and
biotite (Fig. 1D). These are interpreted as pseudo-
morphs after jadeitic pyroxene.
Diamondiferous quartz-rich rocks (sample

numbers 22755 and 22756) from an area in the
Kokchetav Massif close to the southeastern shore
of Lake Kumdy-Kol (see map in [20]) were inves-
tigated. In contrast to the Erzgebirge, several rock
types such as marble and garnet pyroxenite con-
tain microdiamonds at this locality [2]. As best
information on UHP metamorphism in the Kok-
chetav Massif results from investigations on mar-
bles, a siliceous calcite marble (sample number
22761) was also studied to better consider pre-
vious ¢ndings of other authors in this study.
The petrography of the three samples was previ-

Fig. 1. Diamondiferous quartzofeldspathic rock from the central Erzgebirge, Germany. (A) Polished surface of sample E97-1. Im-
age length is 6 cm. (B) Photomicrograph of kyanite partially replaced by coarse-grained muscovite in sample E97-3 as seen under
crossed nicols. Image length is 4.0 mm. Enclosed microdiamonds are marked by arrows. In the center of the kyanite grain abun-
dant small idiomorphic garnets are enclosed. (C) Photomicrograph of alkali-feldspar in E97-2 typically showing abundant antiper-
thitic exsolution bodies under crossed nicols. Image length is 1.3 mm. (D) Photomicrograph of a pseudomorphs after jadeitic py-
roxene in E97-2 as seen under crossed nicols. Image length is 5.3 mm. The pseudomorph consists of equigranular plagioclase and
some muscovite and biotite. Typically, these minerals are ¢ner-grained than those of the surrounding matrix.
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ously described [21]. Among the many samples
collected near Lake Kumdy-Kol, 22755 and
22756 are closest to the mineral mode and fabric
of the Saxonian rock.
Sample 22755 is a moderately folded and

banded rock with quartz- and mica-rich layers
in the mm to cm range. It still contains some
garnet which is signi¢cantly replaced by aggre-
gates of ¢ne-grained micas. Originally, the rock
might have formed from almost 10 vol% of garnet
with size and shape being similar to those of
garnet in the Erzgebirge’s diamondiferous rock.
Kyanite (Fig. 2A) is an accessory phase, how-
ever, the amount of which might have exceeded
1 vol% before replacement by, among others, ¢ne-
grained micas. Probably an early alteration phase

was slightly reddish dumortierite. The main bo-
ron-bearing phase, however, is tourmaline, which
can appear as mm sized grains in quartz-rich
layers (Fig. 2B). Similar to the Erzgebirge’s rock
is the appearance of muscovite. Biotite has grown
along the grains of this mineral but isolated large
biotite £akes occur as well. Feldspars, mainly pla-
gioclase, form somewhat more than 10 vol% of
the rock. Rutile, appearing as inclusion in garnet
and kyanite as well as in the matrix, zircon, (al-
tered) Fe-phase, apatite, graphite, and allanite are
accessories. The latter phase, originally forming
idiomorphic grains up to 0.5 mm in size, is
strongly altered to ¢ne-grained mineral aggre-
gates. Microdiamonds with virtually identical
size and abundance to those in the Erzgebirge’s
rock were observed as inclusions in garnet and its
replacement products as well as in zircon.
Sample 22756 is rich in garnet, biotite and

quartz. Garnet is relatively homogeneously dis-
tributed in the rock (Fig. 3A) as mm sized grains.
This mineral in thin-sections is typically slightly
brownish-reddish colored in wide inner portions
and colorless along rims. The colorless variety
also forms atoll garnets surrounding biotite. Gar-
net amounts to somewhat more than 30 vol%;
however, it could be that the original content
was around 40 vol% considering (some) biotite
as an early replacement product of garnet. A mi-
nor constituent of the rock is Ca-amphibole. Fig.
3B shows a rare example for a clinopyroxene relic
not entirely replaced by amphibole. Zircon, titan-
ite, and graphite are accessories. White mica is
virtually absent. Chlorite, prehnite and carbonate
are alteration products of biotite and amphibole.
It might be that a few tiny rutile grains occur in
garnet. However, microdiamonds and abundant
graphite pseudomorphs as well as multiphase in-
clusions (6 100 Wm), consisting chie£y of biotite,
minor microdiamond (or graphite) and other
phases (Fig. 3C), are much more frequently en-
closed in garnet. Aggregates formed only of
quartz can rarely appear in garnet. Their ¢brous
texture and the cracks in garnet around these in-
clusions point to former coesite (Fig. 3D).
In the marble 22761, mm sized clinopyroxenes

and garnets occur. Amphibole, biotite and talc are
probably alteration products whereas magnetite

Fig. 2. Photomicrographs of sample 22755 from the Kokche-
tav Massif, northern Kazakhstan. Crossed nicols. (A) Relic
of kyanite. Image length is 1.9 mm. On the right-hand side,
a small relic of garnet is also discernable. (B) Zoned tourma-
line with abundant quartz inclusions in a quartz-rich band.
Plagioclase, K-feldspar, and muscovite grains are also present
in the neighborhood of tourmaline. Image length is 4.0 mm.
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and rutile could be primary accessories. Microdia-
monds, enclosed in clinopyroxene, were reported
to be aligned tracing a growth zone of clinopyrox-
ene [21].

3. Analytical results

Bulk rock analyses (main elements and a few
trace elements) were obtained from rock powder,
fused with Li-borate (1:10) to prepare a glass
disk, using standard procedures of wavelength-
dispersive X-ray £uorescence (XRF) spectrome-
try. The results for three diamondiferous SiO2-
rich rocks are given in Table 1.
Minerals in polished thin-sections were ana-

lyzed with a Cameca electron microprobe
(EMP). In addition, element concentration maps

were prepared for several objects with the EMP.
The analytical procedures for spot analyses (beam
diameters 5 Wm for micas and feldspars) and el-
ement mapping were virtually the same as applied
previously [3]. In addition, measurements along
several garnet pro¢les were undertaken with 20
kV, 50 nA, and longer counting times for the
minor elements (e.g. 150 s for Ti).
Compositions of minerals from the Erzgebirge’s

rock were already reported [3]. However, for bet-
ter comparison with the studied rocks from the
Kokchetav Massif, a chemical pro¢le through a
garnet from sample E97-2 is displayed in Fig. 4.
Previously not published mineral analyses such as
those of feldspars (Table 2) are given here.
The chemical zonations of garnets in the

quartz-rich rocks 22755 and 22756 (Figs. 5 and
6, Table 3) are characterized by extended nearly

Fig. 3. Quartz-rich diamondiferous rock 22756 from the Kokchetav Massif, northern Kazakhstan. (A) Polished surface of a hand
specimen. (B) Photomicrograph of a relic of clinopyroxene partially replaced by amphibole. Crossed nicols. Image length is 1.0
mm. (C) Photomicrograph of inclusions in garnet. Near the center, a multiphase inclusion consisting of micas and microdia-
monds is located. Plain polarized light. Image length is 150 Wm. (D) Photomicrograph of an inclusion, consisting of quartz, in
garnet interpreted as coesite pseudomorph. Plain polarized light. Image length is 650 Wm.
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homogeneous core regions. However, a slight zo-
nation by increasing Fe and decreasing Ca (and
Mg) contents towards the rim of the core zone is
discernable. The narrow rim zone shows a signi¢-
cant chemical zonation with increasing Ca and
decreasing Mg (and Fe) contents towards the
grain margin. The minor elements Na and Ti
tend to decrease from core to rim. Only in garnets
of 22755 an increase of Ti in the rim zone towards
the margin was detected. Enclosed microdiamond
appears exclusively in the outermost core zone, as
was proven by many garnet analyses close to mi-
crodiamonds. In addition, the garnet cores in
22756 are slightly colored so that the relative po-
sition of microdiamonds in garnet could also be
microscopically identi¢ed. The above-described
feature of the garnet zonation (+position of mi-
crodiamonds) resembles that observed for the di-
amondiferous rock from the Erzgebirge (see [3]
and Fig. 4). This concerns the irregular shapes
of extended core regions (zone I, chemically de-
¢ned) as well. Garnets of the siliceous marble
show a somewhat di¡erent zonation pattern
(Fig. 6, Table 3). From core to rim a decrease
of the Ca content is discernable. In the rim
zone, Fe increases signi¢cantly. Highest Ti con-
tents were observed in an intermediate zone where
microdiamonds are enclosed. In the rim zone they
are lowest.
Large muscovite £akes in 22755 are zoned as

well. Extended core zones (again chemically de-

¢ned) are highest in Si (6.4^6.3 per double formu-
la unit (p.d.f.u.), see Table 4). The chemical com-
positions and trends (e.g. decreasing Si contents
from the inner to the outer core zone) resemble
those of coarse-grained muscovite in the Erzgebir-
ge’s rock (Table 4). However, a narrow rim zone
with signi¢cantly lower Si contents was detected
only in muscovite £akes from 22755. The chem-
ical zonation of large biotite £akes in 22755 is

Table 1
XRF analyses of quartz-rich diamondiferous rocks from the
Kokchetav Massif and the Saxonian Erzgebirge (E99-2a)

Sample no. 22755 22756 E99-2a

P2O5 in wt% 0.06 0.01 0.05
SiO2 68.57 65.67 64.35
TiO2 0.74 0.28 0.76
Al2O3 14.07 10.81 17.17
MgO 2.85 4.09 2.32
CaO 1.18 5.16 0.90
MnO 0.02 1.24 0.05
FeO 4.75 9.08 5.10
Na2O 0.74 6 0.10 2.30
K2O 4.30 1.07 3.23
Sum 97.30 97.39 96.23
Ba in ppm 355 28 415
Cr 90 57 77
Ni 37 28 28

Fig. 4. Chemical pro¢le (V1.7 mm) through a garnet from
diamondiferous sample E97-2 (Erzgebirge) obtained by spot
analyses with the EMP.

Table 2
EMP analyses (in wt%) of feldspars in quartz-rich diamond-
iferous rocks from the Saxonian Erzgebirge (E97-2, left) and
the Kokchetav Massif (22755, right)

Anal.
no.

070121 070116 070110 161205 161213

SiO2 67.70 66.69 65.00 61.21 64.66
TiO2 0.02 0.03 0.01 0.02 0.04
Al2O3 20.54 20.91 18.41 24.79 18.70
Cr2O3 0.00 0.01 0.01 0.01 0.00
CaO 1.41 2.13 0.00 6.25 0.06
FeO 0.00 0.09 0.02 0.02 0.02
BaO 0.02 0.03 0.30 0.00 0.00
Na2O 11.14 10.75 0.87 8.27 1.13
K2O 0.42 0.27 15.47 0.48 15.06
Sum 101.27 100.93 100.08 101.05 99.67

070116 is plagioclase of an assumed pseudomorph after ja-
deitic clinopyroxene.
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similar to those of muscovite. A core zone with Si
contents (around 5.6 p.d.f.u., see Table 4) higher
than in the rim zone (around 5.45 p.d.f.u.) could
also be detected. Only a slight zonation, for in-
stance, by rising Fe/Mg ratios from core to rim
was observed for coarse-grained biotite in 22756.
Biotite of multiphase inclusions in garnet is some-

what richer in Si and Ti than coarse-grained bio-
tite. Phengite (see Table 4) can be part of the
multiphase inclusions as reported previously [2].
This phase was also observed in similar (£uid)
inclusions in the Erzgebirge’s garnets (see [15]).
Kyanite in 22755 is characterized by low Fe

contents and very small but signi¢cant concentra-

Fig. 5. Chemical zonation of garnets from garnet^quartz^biotite rock 22756 (Kokchetav Massif). Rising concentrations of Fe, Ca
and Mg are shown by increasingly lighter tones of the gray code. Slightly zoned biotite (see Fe) is white in the Mg image. Ovals
in the photomicrograph (right-hand side) mark areas with enclosed microdiamonds. Scale bar (black or white) represents 300 Wm.

Fig. 6. Photomicrographs and Ca zonation patterns of garnet from quartzofeldspathic rock 22755 (at the top) and siliceous mar-
ble 22761 (at the bottom). For ovals and gray code see Fig. 5. Scale bars represent 100 Wm.
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tions of Mg and Ti (Table 5) comparable with
kyanite from the Erzgebirge’s rock. Dumortierite,
replacing kyanite, contains unusually high Mg
(and Fe) contents (Table 5) which are, however,
lower than those in the Mg-dumortierite reported
from a UHP rock of the Dora Maira Massif,
Western Alps [22]. Mg-dominant tourmaline is
chemically (and optically) zoned showing decreas-
ing Na, Ti, and Fe contents and rising Ca con-
centrations from core to rim (Table 5). Plagioclase
and K-feldspar in 22755 contain about 70 and 10
mol%, respectively, of albite component (Table 2).
This component in plagioclase grains from the
Erzgebirge’s rock amounts to 90 mol% and
more. Grains in pseudomorphs after jadeite-rich

clinopyroxene contain somewhat less albite com-
ponent than large ones of the matrix (Table 2).
Clinopyroxene relics in 22756 (Table 5) show

low concentrations of jadeite component around
9 mol%. Ca-amphibole replacing clinopyroxene is
chemically (and optically) inhomogeneous. It
seems that early formed amphibole is relatively
poor in Al (Sis 7 p.d.f.u.) and tends to become
a hornblende at a late equilibration stage (rim
composition in Table 5). Titanite contains moder-
ate amounts of Al and F (Table 5).
Finally, it is noteworthy that diopside in 22761

shows up to 0.4 wt% of K2O (Table 5). The molar
fraction of the Ca-Tschermak’s component,
CaAl2SiO6, in diopside is about 0.015.

Table 3
Representative EMP analyses of garnet from diamondiferous rocks of the Lake Kumdy-Kol area, Kokchetav Massif

Anal. no. 210559 210574 210522 210571 190508 190504 190502 190530 180504 180505 180509
inner I outerm. I inner II outerm. II inner I outerm. I inner II outerm. II core intermed. rim

SiO2 38.88 38.48 38.54 38.52 38.66 38.56 38.45 38.09 40.25 40.36 40.29
TiO2 0.150 0.073 0.042 0.100 0.289 0.219 0.088 0.083 0.117 0.292 0.197
Al2O3 22.19 22.13 22.10 21.94 21.63 21.68 22.08 21.70 23.16 22.89 22.98
Cr2O3 0.012 0.018 0.018 0.016 0.020 0.022 0.006 0.018 0.025 0.029 0.029
FeO 23.12 26.70 26.31 24.14 20.09 20.54 19.48 17.68 5.38 5.33 6.66
MnO 0.230 0.217 0.261 0.256 3.07 3.19 3.26 3.79 0.768 0.723 0.859
MgO 7.64 7.10 6.66 5.64 6.96 6.75 5.44 3.84 10.57 11.29 11.18
CaO 8.23 5.84 6.84 9.96 9.41 9.05 11.33 14.22 19.26 18.51 17.39
Na2O 0.090 0.046 0.050 0.031 0.044 0.040 0.027 0.018 0.016 0.023 0.011
Sum 100.56 100.61 100.81 100.61 100.17 100.05 100.16 99.44 99.55 99.45 99.60

Analyses from samples 22755 (left), 22756 (middle) and 22761 (right) are given in wt%. The selected data are also representative
of the concentrations of the minor elements obtained by long counting times. Fe is given as FeO. I = core zone, II = rim zone,
separated into inner and outer areas.

Table 4
Representative compositions of potassic micas from sample E97-2 (left), 22755 (middle), and 22756 (right)

Anal. no. 117755 117757 070108 1312B3 703109 703115 703114 703173 703095 703090 703088 152920 152922 152936 152908
I II inner I outer I inner II outer II inner I outer I inner II outer II Incl. Incl. I II

Sum in wt% 93.25 93.41 94.69 95.47 93.95 93.16 93.42 94.97 94.86 94.59 94.26 94.95 95.63 94.15 94.71
H2O calc. 4.41 4.43 4.17 4.52 4.49 4.45 4.46 4.04 3.96 3.91 3.92 4.46 4.01 3.91 3.92
Si 6.480 6.369 5.608 6.393 6.317 6.120 6.222 5.618 5.552 5.438 5.474 6.659 5.616 5.562 5.560
Ti 0.268 0.277 0.332 0.164 0.112 0.096 0.116 0.288 0.254 0.229 0.254 0.249 0.423 0.301 0.215
Al 4.518 4.669 3.012 4.760 5.059 5.484 5.317 3.120 3.101 3.255 3.226 4.271 2.715 2.645 2.728
Cr 0.005 0.002 0.006 0.004 0.000 0.003 0.005 0.005 0.002 0.001 0.000 0.000 0.009 0.008 0.003
Fe2þ 0.127 0.148 1.116 0.212 0.156 0.120 0.094 1.815 2.199 2.324 2.271 0.153 1.753 1.883 2.037
Mn 0.007 0.002 0.001 0.000 0.004 0.001 0.000 0.005 0.011 0.010 0.001 0.004 0.028 0.041 0.046
Mg 0.586 0.552 3.413 0.529 0.393 0.217 0.246 2.682 2.524 2.448 2.432 0.621 3.056 3.372 3.272
Ca+Ba 0.007 0.012 0.014 0.000 0.002 0.003 0.003 0.001 0.004 0.000 0.002 0.003 0.008 0.008 0.000
Na 0.065 0.072 0.031 0.068 0.045 0.064 0.065 0.048 0.085 0.073 0.082 0.046 0.055 0.068 0.059
K 1.679 1.688 1.779 1.835 1.677 1.677 1.683 1.819 1.827 1.882 1.844 1.832 1.836 1.759 1.836
F+Cl 0.034 0.000 0.000 0.000 0.000 0.000 0.010 0.003 0.003 0.012 0.006 0.025 0.036 0.053 0.038

Analyses were recalculated to double formula unit (42 val. for tetra-+octahedral cations). Incl. = inclusion in garnet, I = core
zone, II = rim zone.
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4. Thermobaric evaluation

Because of the identical mineral assemblage of
22755 and the Erzgebirge’s rock the same geother-
mobarometric methods, as previously applied to
the latter rock [3], can be used to determine the
P^T conditions of equilibration of the matrix
phases, i.e. after diamond formation. In case of
the rock from the Kokchetav Massif, two stages
should be distinguished according to the zonation
(core and rim zones) of muscovite and biotite in
the matrix. At least for the earlier of these stages,
the coexistence of plagioclase (PLAG), garnet
(GT), muscovite (MS), and quartz with kyanite
can be assumed so that two equilibria:

2 kyaniteþ quartzþ grossularGT ¼

3 anorthitePLAG ðGASPÞ and ðE1Þ

3 MgAl-celadoniteMS þ 4 kyanite ¼

pyropeGT þ 3 muscoviteMS þ 4 quartz ðE2Þ

could be thermodynamically calculated to derive
pressure conditions. Because of the presence of
biotite (BT) and K-feldspar (KF), the equilibri-
um:

MgAl-celadoniteMS ¼

K-feldsparKF þ quartzþ phlogopiteBT þH2O ðE3Þ

can, in fact, be used to derive P^T data for the
equilibration during the late-matrix stage (and
tentatively for the early-matrix stage as well) but
it is dependent on the activity of H2O (the lower
this activity, the higher the calculated P), which is
not directly deducible from the rock. However,
the equilibrium:

Ti-muscoviteð¼ KAl3Ti2SiO10ðOHÞ2ÞMS

þ 2 quartz ¼ muscoviteMS þ rutile ðE4Þ

is independent of H2O activity and can be applied
to both stages because unaltered rutile is present
in the rock matrix of 22755. For temperature es-
timates, the subsequent Fe^Mg exchange equili-
bria are applicable:T
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Table 6
Examples for calculated P^T conditions of diamondiferous rocks from the Lake Kumdy-Kol area, Kokchetav Massif, using rep-
resentative analyses given in the previous tables

Analyses or activities Method Equilibrium Rock P (GPa) T (‡C)

(A) Early-matrix stage
210522GT aAn = 0.4 I E1 22755 1.33 700

1.53 800
210522GT 1312B3MS I E2 1.40 700

1.64 800
210522GT 703109MS 1.03 700

1.245 800
1312B3MS aKf = 0.9 aPhl = 0.116(703173) I E3 v 0.97 700

v 1.18 800
703109MS aKf = 0.9 aPhl = 0.097(703095) v 0.87 700

v 1.07 800
1312B3MS I E4 1.23 700

1.38 800
703109MS 0.92 700

1.04 800
210522GT 703173BT II E5 802
210522GT 703095BT (961)
210574GT 703095BT (911)
210522GT 1312B3MS I E6 1.5 836
210522GT 703109MS 1.0 764

1.5 777
210574GT 703109MS 1.0 810
210522GT I E10 2.0 688

1.0 612
210574GT 1.0 683
190502GT 152936BT II E5 22756 753
190504GT 181203CPX II E7 3.0 793

1.5 750
190502GT 181203CPX 1.5 757
190504GT 181203CPX I E7 + E8 1.55 825
190502GT 181203CPX 1.71 806

E8 2.58 1000
181203CPX I E9 v 0.62 700

v 0.73 800
190502GT E10 1.5 9 690
180509GT I E10 22761 3.0 v 793

1.5 v 674
(B) Late-matrix stage
703115MS aKf = 0.9 aPhl = 0.088(703090) I E3 22755 v 0.31 600

v 0.45 700
703114MS aKf = 0.9 aPhl = 0.087(703088) v 0.51 600

v 0.69 700
703115MS I E4 0.56 700

0.65 800
703114MS 0.66 700

0.76 800
210574GT 703090BT II E5 (971)
210571GT I E10 1.0 683
190530GT 152908BT II E5 22756 691
190530GT 181203CPX II E7 1.0 745
190530GT I E10 1.0 9 644

EPSL 6843 4-11-03

H.-J. Massonne / Earth and Planetary Science Letters 216 (2003) 347^364356



phlogopiteBT þ almandineGT ¼

anniteBT þ pyropeGT ðE5Þ

MgAl-celadoniteMS þ almandineGT ¼

FeAl-celadoniteMS þ pyropeGT ðE6Þ

(E5) can be taken for T estimates on minerals
from 22756 too as another Fe-Mg exchange equi-
librium, namely:

diopsideCPX þ almandineGT ¼

3 hedenbergiteCPX þ pyropeGT ðE7Þ

because of the presence of clinopyroxene (CPX)
possibly during an early stage of equilibration of
the matrix phases. The Ca-Tschermak’s compo-
nent in clinopyroxene was applied as a barometer
according to the equilibrium:

2 grossularGT þ pyropeGT ¼

3 ðCaAl2SiO6ÞCPX þ 3 diopsideCPX ðE8Þ

This barometer was also used for garnet^clino-
pyroxene pairs in sample 22761. Since plagioclase
is absent in 22756, only minimum pressures can
be derived considering the equilibrium:

jadeiteCPX þ quartz ¼ albitePLAG ðE9Þ

For the pre-matrix stages, we know that we
have to deal with UHP conditions due to the
presence of diamond. Unfortunately, only one

mineral with geothermobarometric potential,
namely garnet, is present. Thus, the Ti-in-garnet
thermometer [11], using the theoretical garnet
component Mg3Al2Ti3O12, is of particular interest
here. The corresponding equilibrium is:

pyropeGT þ 3 rutile ¼

3 coesite ðor quartzÞ þ ðMg3Al2Ti3O12ÞGT ðE10Þ

However, its application requires the presence
of both coesite (or quartz) and rutile. In the ab-
sence of rutile (probably relevant to 22756) mini-
mum T can be estimated. Maximum T (relevant
to 22761 and possibly 22755) would result in the
presence of rutile but absence of coesite, for which
no indication was found in 22755, although this
rock is now rich in quartz. In this case, E10 can
be applied as a geothermometer, at least to the
equilibration stages of the matrix.
The calculation procedure including the ther-

modynamic data sources is reported by Massonne
[23]. Additional information on the components
phlogopite, FeAl-celadonite, and Ti-muscovite
are given elsewhere ([24^26], respectively). More-
over, classical Fe^Mg thermometers were used
[27,28]. Obtained calculation results are shown
in Table 6. The P^T data for the stage represented
by garnet rim and mica core compositions (early-
matrix stage) scatter around 1.45 GPa and 780‡C,
considering a relatively high uncertainty of T de-
rived from E10 due to very low Ti concentrations
in garnet. At the end of this stage (outermost

Table 6 (Continued).

Analyses or activities Method Equilibrium Rock P (GPa) T (‡C)

(C) UHP stage
210559GT I E10 22755 7.0 1115

5.0 1003
210574GT 4.5 903
190508GT 22756 7.0 v 1210

5.0 v 1090
190504GT 4.5 v 1021
180505GT 107027CPX E8 22761 5.84 1000

7.73 1200
180505GT E10 7.0 9 1058

5.0 9 946

Methods I and II refer to those in [23] (+supplements) and classical Fe^Mg thermometers, respectively (see text). Equilibria are
de¢ned in the text. Fixed values for P or T are given in italics. Results in parentheses mean: not realistic as a result of used min-
eral compositions not being in equilibrium (in accordance with petrographic observations).
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mica core compositions), P had decreased to
about 1.1 GPa, probably accompanied by a slight
temperature decrease (see Fig. 7). Pressure data
for the stage characterized by mica rim composi-
tions (late-matrix stage) are around 0.65 GPa at
temperatures close to 700‡C. Only at the ¢nal
late-matrix stage the presence of a hydrous £uid
(aH2OV1) is likely because of (nearly) identical
results (see Table 6) obtained from E3 and E4.
The estimated P^T conditions for the entire ma-
trix stage are compatible with the stability of mus-
covite+quartz (+H2O only at T6 700‡C of the
¢nal late-matrix stage) [13].
The application of E10 to garnet core compo-

sitions (UHP stage) results in temperatures above
900‡C at 4.5 GPa (Fig. 7). Assuming pressures as
high as 7 GPa, T could have been somewhat
above 1100‡C for the diamond-bearing garnet
zone of 22755 (Table 6). Considering 22756 and
22761 as well as the minimum^maximum esti-

mates, the data rather suggest di¡erent peak tem-
perature conditions in a range of, at least, 1050^
1200‡C. Di¡erent peak pressures cannot be ex-
cluded either, but the pressure estimate for a gar-
net^clinopyroxene pair, using compositions re-
lated to a zone with microdiamond inclusions in
both minerals, con¢rms the previous assumption
of 7 GPa (close to 1100‡C, see Table 6) [7].

5. Discussion and conclusions

5.1. Comparison of the quartz-rich diamondiferous
rocks from the Saxonian Erzgebirge and the
Kokchetav Massif

The similarities of the quartz-rich UHP rocks
from both areas, Erzgebirge and Kokchetav Mas-
sif, are obvious with regard to numerous facts.
The most important ones can be summarized as
follows:
1. Microdiamonds as well as multiphase inclu-
sions, consisting of diamond, micas and addi-
tional phases, are enclosed in a speci¢c growth
zone of garnet surrounding a more or less ex-
tended garnet core zone. The enclosure of mi-
crodiamonds happened at decreasing (and for
both areas similar) temperatures (and pres-
sures, presumably) according to the Ti concen-
trations in speci¢c garnet growth zones.

2. The highest Ti concentrations were observed in
the garnet core zones representing the peak
temperature (and pressure, presumably) condi-
tions.

3. The shape and size of garnets are similar. This
already concerns the irregular shape of the core
zone (+diamondiferous zone) pointing to, at
least, one stage of resorption of garnet at
high temperatures.

4. The P^T conditions of the formation of the
micas in the rock matrix are only slightly dif-
ferent. The micas in the Erzgebirge’s rock
equilibrated in the pressure range 1.8^1.5
GPa [3] at temperatures of 750‡C or somewhat
less, whereas (the extended cores of) those
from the Kokchetav Massif formed between
1.45 and 1.1 GPa at about 30^50‡C higher T.
A major di¡erence between the mineral compo-

Fig. 7. P^T evolution of diamondiferous rocks from the Erz-
gebirge (broken line), according to [10], and from the Kok-
chetav Massif (this study). The paths include the ‘matrix
stages’ (see Table 6): 1.8^1.5 GPa for the Erzgebirge, 1.45^
0.65 GPa for the Kokchetav Massif. The upper pressure
stability of rutile is that of Akaogi et al. [9].
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sitions of the matrix of the various quartz-rich
rocks can be observed. However, this is due to
di¡erent bulk rock compositions (Table 1 and
Fig. 8A), which could all be related to metasedi-
ments, as previously suggested [20,29]. Although
containing nearly identical amounts of SiO2, the
Al2O3 and K2O contents of sample 22756 are
clearly lower than those of E99-2a, resulting in
the lack of muscovite and much smaller amounts
of micas in 22756 compared to the Erzgebirge’s
rock. A minor di¡erence is the preservation of
mineral relics of a pre-UHP stage in the Erzgebir-
ge’s rock [18] that was not observed in the inves-
tigated quartz-rich rocks from the Kokchetav
Massif. Only on the basis of inclusions in zircon,
such a stage was reported by Katayama et al. [30],
which could, however, not be de¢ned in terms of
P^T conditions. Similar investigations by Her-
mann et al. [31] did not con¢rm this result. An
important di¡erence is the second equilibration
stage (late-matrix stage) observed for the dia-
mondiferous rocks of the Kokchetav Massif,
which has no counterpart in the Erzgebirge.
This (and subsequent) event(s), which was, ac-
cording to other samples from the Lake Kumdy-
Kol area, accompanied by deformation, is respon-
sible for the worse preservation of the UHP^HP
stages of the quartz-rich diamondiferous rocks
compared to that of the diamondiferous Erzgebir-
ge’s rock. Most of these rocks from the Lake
Kumdy-Kol area show a gneissic (or foliated) tex-
ture. The corresponding deformation event is re-
lated to a major shear-zone (megamelange)
[14,17], whereas the entire UHP^HP unit after
exhumation rather forms a £at-lying km-thick
sheet, like a nappe, in both crystalline complexes,
Erzgebirge [32] and Kokchetav Massif [33].

5.2. Magmatic and/or metamorphic evolution

Because of the above-discussed similarities be-
tween the quartz-rich diamondiferous rocks from
both areas, we can treat them together asking for
a possible magmatic evolution. The answer, how-
ever, cannot be derived exclusively from the min-
eral assemblage because metamorphic and mag-
matic rocks of the same bulk composition can
display the same assemblage as we know from

Fig. 8. Phase relations for diamondiferous quartz-rich rocks
shown in modi¢ed APKF diagrams (K=KAlO2). Among
several simpli¢cations (see below), one is that CaO was
added to FeO+MnO+MgO (=F). (A) The displayed tie-lines
refer to the matrix stages (solid= early, broken= late). Excess
phases for these stages are quartz as well as (although not
present in 22756) albite (or jadeite) and rutile. Bulk rock
compositions of Table 1 were plotted as 1 (22755), 2 (22756),
and 3 (E99-2). The nearby dots mark compositions after sub-
traction of garnet related to about 10% of the total of ma¢c
minerals (22756: 2/3 of the ma¢c minerals). Such amounts of
garnet are considered as restite portions in the diamondifer-
ous rocks so that the dots represent compositions of silicate
melts addressed in Section 5 and in the liquidus diagram be-
low. Small amounts of water (6 1.5 wt%) were considered
for the silicate melt compositions. (B) Hypothetical liquidus
diagram. P is not constant but decreases with falling T ac-
cording to the P^T paths of Fig. 7. Liquidus ¢elds are noted
by small-case letters: bt, biotite; cpx, clinopyroxene; gt, gar-
net; kf, K-feldspar; ky, kyanite; ms, muscovite. Isothermal
contour lines mark steps of 150‡C. For mineral (open dot)
and melt (closed dot) compositions see panel A. The solid
excess phases, such as coesite, are not implicitly present at
the highest T shown in this diagram.
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ordinary granites and many medium- to high-
grade orthogneisses even when garnet is a constit-
uent. Thus, the di¡erence between both rock types
is rather a matter of (micro)fabrics. A typical fea-
ture of magmatic rocks are, for instance, melt in-
clusion. In fact, there is no doubt that microdia-
monds in the quartzofeldspathic rocks from the
Saxonian Erzgebirge and the Kokchetav Massif
have formed from a ‘£uid phase’ [15,34^36] due
to speci¢c multiphase inclusions in garnet (Fig.
3C) but the question if the character of this
(supercritical?) £uid was rather that of a silicate
melt, although opened for the Erzgebirge’s rock
[37], remained unanswered for the Kokchetav
Massif yet. Experiments on sedimentary composi-
tions at UHP conditions [14] demonstrated that
considerable melting can occur around 1000‡C
with some water in the system but this cannot
be a su⁄cient evidence for a magmatic evolution
because of the unknown amounts of H2O in the
deeply submerged rocks at the peak T conditions.
However, here the attempt is made to draw a
magmatic scenario in order to check if the textur-
al and analytical observations on the diamondif-
erous quartz-rich rocks can be satisfactorily ex-
plained by it or not.
For this scenario it is assumed that considerable

amounts of the diamondiferous quartz-rich rocks
are molten at the peak temperatures of more than
1100‡C, formerly thought to be only 1000‡C. This
is in accordance with the previously cited exper-
imental works [12^14] even if the rocks contained
only small amounts of water (6 1.5 wt%), that
were stored in micas at pre-peak conditions.
Such micas, phengites, were observed in the Erz-
gebirge’s rock as relics preserved in garnet cores
[3]. However, the garnets themselves in the
quartz-rich rocks should be partially molten, re-
sulting in irregular shapes of garnet with highest
Ti concentrations attained at the highest temper-
atures. This was, indeed, observed for garnet
cores in the Erzgebirge’s rock and Kokchetav
samples 22755 and 22756. Even zircons were con-
siderably corroded (see cathodoluminescence im-
ages in [18]), as can be expected by the envisaged
melting process. If the above scenario is correct,
then garnet was the only major phase surviving
the melting process at UHP as restite. This is in

accordance with experiments with pelitic compo-
sitions and small amounts of water which resulted
(above 30 kbar) in garnet and kyanite X coesite
coexisting with melt around 1100‡C [12,14]. At
lower T, phengite joined this assemblage. For an-
desitic compositions kyanite was lacking in this
assemblage [12], whereas for granitic composi-
tions (S-type) kyanite and coesite appeared ¢rst
during cooling of the melt [13]. This information
was used to tentatively draw a liquidus diagram
(Fig. 8B) in order to elucidate possible magmatic
phase relations for the investigated rocks. In ad-
dition, a similar attempt for 0.8, 1.7, and 2.4 GPa
and a compositional range around the tie-line
K-feldspar^dark-mica in the system K2O^MgO^
Al2O3^SiO2^H2O [38] was considered.
According to the liquidus diagram of Fig. 8B,

garnet would ¢rst crystallize again (after the T
climax) from all three melt compositions related
to the investigated quartz-rich diamondiferous
rocks after consideration of some garnet as restite,
as pointed out above and in the legend of Fig. 8A.
This phase is followed by kyanite for the Erzge-
birge’s rock and sample 22755 from the Kokche-
tav Massif during cooling and ascent (see P^T
paths of Fig. 7) of the magma. However, kyanite
would appear in the magma of 22755 at clearly
lower temperatures (about 900‡C according to
Fig. 8B) and, thus, also at lower pressures com-
pared to kyanite of the Erzgebirge’s rock. This
would explain why the Erzgebirge’s kyanite could
enclose microdiamonds (see Fig. 1B), which must
have crystallized from the melt before trapping at
Ps 4 GPa and Ts 900‡C, but this phase from
22755 not. Moreover, only kyanite from the Erz-
gebirge’s rock has enclosed, typically in core re-
gions and, thus, before trapping microdiamonds,
abundant small and equigranular garnets (Fig.
1B). Such garnets are preserved only there. This
feature can be easily explained by a magmatic
process but not by a metamorphic reaction. If
we consider a fast ascent of the magma, an under-
cooling phenomenon is not unlikely to occur. This
is characterized here by sudden crystallization of
abundant little garnet grains in domains of the
magma where no garnets were present, that
means the relic garnets of the T climax, which
also grew during cooling, were at a certain dis-
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tance (mm to cm range) to this domain. Shortly
after the garnet crystallization, kyanite started to
grow, using perhaps the little garnets as seed, be-
cause P^T conditions given by the corresponding
cotectic line of Fig. 8B were reached. Thus, the
little garnets could be preserved before they grew
to larger grains or even disappeared to feed larger
garnet crystals.
In contrast to the kyanite-bearing rocks, the

crystallization of garnet from a magma related
to sample 22756 must be followed, after moderate
cooling, by additional crystallization of clinopy-
roxene according to the liquidus diagram of Fig.
8B (Ts 1050‡C). Relics of this phase were ob-
served in 22756 but no microdiamonds were
found to be enclosed either in rare clinopyroxenes
or in their decomposition products. The many
microdiamonds enclosed in speci¢c growth zones
of clinopyroxene and garnet (Ti-richest zone=
highest T) in the calcite marble 22761 could, in
principle, be trapped during crystallization of cli-
nopyroxene from a magma, but cannot referred
to this problem (= liquidus diagram) which is re-
lated to SiO2-rich rocks. It is also not intended to
provoke that coesite was an early crystallization
phase. This is possible but unlikely for the com-
positions (around 66 wt% SiO2) discussed here
and, thus, a matter of simpli¢cations applied to
the liquidus diagram of Fig. 8B. Rather, during
further cooling (T6 1050‡C), coesite could have
started to crystallize in the quartz-rich rocks ad-
dressed here. Rare pseudomorphs of this mineral
in the Erzgebirge’s rock and in sample 22756 from
the Kokchetav Massif, enclosed in the same
growth zone of garnet which contains microdia-
monds (see also [18]), witness this event. The oc-
currence of pseudomorphs, interpreted to be for-
mer K-cymrite [18], in the same zone of garnet
from the Erzgebirge’s rock is not understood in
terms of the liquidus diagram of Fig. 8B. Thus,
K-cymrite could be a misinterpretation of such
pseudomorphs or it does not appear in the
liquidus diagram due to the applied simpli¢ca-
tions.
Further cooling close to 800‡C and less should

¢nally result, according to the liquidus diagram,
in the formation of micas by peritectic reactions.
In case of the kyanite-bearing rocks, muscovite

should have formed from melt and kyanite as
well as some garnet during further cooling. The
replacement of kyanite by coarse-grained musco-
vite is, indeed, obvious in the Erzgebirge’s rock
(see Fig. 1B), whereas the boron-bearing phase
dumortierite also played a role in sample 22755
from the Kokchetav Massif. The (slight) corro-
sion of garnet can also be deduced from petro-
graphic observations combined with element con-
centration maps of this mineral (see Fig. 6) from
both kyanite-bearing rocks. The estimated di¡er-
ence in T (30^50‡C) between the onset of white
mica production in both rocks could be due to
higher xFe ( =Fe/(Fe+Mg)) values of muscovite
in 22755 compared to that of the Erzgebirge’s
rock (see Table 4, concerns garnet as well) and/
or other chemical factors. According to the
liquidus diagram of Fig. 8B (composition 2), bio-
tite (and clinopyroxene) should form from garnet
and melt. Analytical studies, such as, for instance,
shown in Fig. 5, demonstrate a signi¢cant corro-
sion of garnet in 22756, as deep as into the core
zone of this mineral, by biotite. This mineral in
the kyanite-bearing rocks should also crystallize
from melt (+garnet), at least, in signi¢cant quan-
tities in sample 22755 as deduced from the
liquidus diagram of Fig. 8B.
As demonstrated above, the petrographic and

analytical observations on the quartz-rich rocks
are compatible with crystallization from melts
containing garnet as restite after melt formation.
Several aspects, related to the formation of min-
erals other than garnet, kyanite, (diopside-rich)
clinopyroxene, and mica, can be added to com-
plete the magmatic scenario. For instance, it is
likely that, at a relatively late stage of crystalliza-
tion, jadeite-rich clinopyroxene, according to the
observed pseudomorphs, formed from the remain-
ing melt of the Erzgebirge’s rock. It is not clear if
jadeite-rich clinopyroxene formed in sample 22755
at all, but the estimated pressures for the forma-
tion of the micas (early-matrix stage) were too
low to stabilize a jadeite-rich clinopyroxene be-
tween 750 and 800‡C. The formation of K-feld-
spar, detected in both kyanite-bearing rocks, can-
not be explained by the liquidus diagram of Fig.
8B unless the amounts of H2O in the original
melts were relatively low (KsH2O as a simple
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approach). However, it ought to be considered
that, in principle, a perfect equilibration of phases
during natural crystallization processes rarely, if it
all, occurs; otherwise there would be, for instance,
no kyanite present in the studied rocks. It was
armored by replacing muscovite, at least, in the
Erzgebirge’s rock, so that it was protected from
further reaction. Thus, it is likely that a residual
melt could further develop, reaching the eutectic
point (granitic melt composition, see Fig. 8B) at
which K-feldspar precipitated ¢nally from melt,
¢lling, for instance, interstices as observed in the
Erzgebirge’s rock. A formation by a metamorphic
reaction cannot, in fact, be totally excluded, but
features such as large tourmaline crystals, occur-
ring in sample 22755 in a quartz^plagioclase^
K-feldspar matrix (Fig. 2B), rather point to crys-
tallization from a granitic melt.
Considering the above magmatic scenario, an

answer to the mystery of the exhumation of the
diamondiferous quartz-rich rocks from great
depths can be given. It is due to a quick rise
(see ages in [37]) of magmas accompanied by rel-
atively fast cooling. Hints of this also come from
the stable isotope signature (C and N) of micro-
diamonds from the Kokchetav Massif, although
related to siliceous marbles, reported by Cartigny
et al. [29]. These authors, in fact, preferred the
interpretation that the growth of microdiamonds
happened at temperatures below 700‡C but pre-
sented the alternative idea of an extremely fast
uplift of the rock (+cooling) starting at temper-
atures as high as 1000‡C to explain the isotope
signature of the microdiamonds. After formation
of one mica phase (e.g. muscovite in 22755) due
to a peritectic reaction, a considerable quantity of
the melt had crystallized, so that a further ascent
was hampered. Indeed, a further clear drop of the
pressures during this stage could not be proven.
At this stage, the melts (or crystal mashes) were
already emplaced in the lowermost portion of
continental crust that also contains ultrabasic sli-
ces of the mantle, such as garnet peridotites, in
both areas. Perhaps the new (and lower) density
contrast (crystal mash^crust (mantle before)) was
another factor hampering further ascent. The sub-
sequent lowering of the pressure (late early-matrix
stage) by a few kbar only was possibly not the

result of further magma rise but concerned the
(thickened) continental crust, in general, in which
the magmas were emplaced. This process is then
due to the denudation of the corresponding oro-
gen.
Not addressed in the above discussion, so far,

was the homogeneous distribution of garnet in the
extended diamondiferous rock lenses in Saxony.
This textural pattern would also be expected for
a plutonic rock, normally relatively homogeneous,
rather than for a metamorphic rock. The lack of
homogeneous bodies in the hectometer range in
the Kokchetav Massif is probably the result of
deformation events leading to a megamelange
[17]. Deformation was accompanied by ‘metamor-
phic’ retrogression. Among the true metamorphic
reaction products in the diamondiferous quartz-
rich rocks from the Kokchetav Massif seem to
be garnet in sample 22756 which circumgrew bio-
tite or formed narrow rims around previously re-
sorbed garnet (Fig. 5). This could have led to the
view of Shatsky et al. [2] that biotite of an early
metamorphic stage was enclosed in diamond-
bearing garnet from the Kokchetav Massif. No
evidence for this assumption was, however, found
in the investigated samples. As mentioned above,
this is in contrast to the Erzgebirge’s rock, where
an early metamorphic stage, preceding the UHP
evolution, could be characterized [18]. The vary-
ing P^T conditions and/or a reduction of the
water activity could be the cause for the ¢nal
garnet growth in 22756, whereas the outermost
(incomplete) zone of garnet (increase of Ca, de-
crease of Mg; see Fig. 4 and Table 3) in the Erz-
gebirge’s rock and in sample 22755 could also
result from cation di¡usion processes at a late
stage. At a very late stage, garnets were altered
(at estimated T6 600‡C) but only in the studied
Kokchetav rocks. Fine-grained biotite and other
phases, forming symplectites, replaced garnet. In
addition, kyanite was altered to micaceous mate-
rial (Erzgebirge’s rock and sample 22755) and am-
phibole replaced clinopyroxene in 22756 (also in
the siliceous marble). The reason for these alter-
ation processes, which hardly a¡ected the Saxo-
nian diamondiferous rocks, was a penetrative de-
formation event, mentioned above, that could
have reduced larger magmatic bodies to much
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smaller layers where magmatic textures are pre-
served. It is even possible that the majority of
originally magmatic rocks in the Kokchetav Mas-
sif could have been so strongly deformed that
these rocks have lost any memory of a magmatic
event to appear now as ordinary folded gneisses.
The above view implies that diamondiferous

rocks in the Kokchetav Massif, such as marbles,
occurring in the vicinity of the quartz-rich rocks
studied here were also subject to magmatic pro-
cesses. Hints of this are, for instance, multiphase
inclusions in marbles consisting of silicates, car-
bonate, and microdiamonds [39] and stable iso-
tope data [29] as re-interpreted above.
Finally, it is noteworthy that the quartz-rich

plutonic rocks of UHP^HP origin cannot be at-
tributed to the series tonalite^granite because of
the distinct contents of ma¢c minerals in the dia-
mondiferous rocks compared to the rocks of this
series. In addition, we even ignore that quartz and
plagioclase in the UHP^HP magmatic rocks were
originally coesite and jadeite-rich clinopyroxene,
at least, to some extent. Thus, it is suggested to
take this into account by the nomenclature of a
new series. The kyanite-bearing rocks studied here
(compositions 1 and 3 in Fig. 8), being rich in
white mica and garnet, are proposed to be called
saidenbachites [37]. The clinopyroxene-bearing
rock (composition 2 in Fig. 8), being rich in gar-
net and biotite, is suggested to be named, also
after the type locality, kumdykolite.
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