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Fig. 1. Overview map showing the location of basement complexes within the Bohemian Massif (modified after Willner et al., 2000).
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The field itinerary for the first part of the pre-conference excursion, related to the 9th International Eclogite Conference, 
includes 5 stops within the central and western Erzgebirge in Saxony. Stop 1-3 comprises several stops which are visited 
at or close to the Saidenbach reservoir by walking. High and ultrahigh pressure rocks of different genesis can be studied 
at the excursion stops. Eclogite south-east of the village of Eppendorf experienced peak pressure conditions of 1.8 GPa 
at 715 °C and is an example of eclogitization at the base of thickened continental crust due to the Variscan collision of 
Laurussia and Gondwana. Bodies of eclogite and diamondiferous saidenbachite at the northern and eastern shore of the 
Saidenbach reservoir, embedded in high-pressure (around 1.8 GPa) gneisses, represent ultrahigh pressure rocks which 
were heated to more than 1000 °C. During this process saidenbachite was significantly molten at P ≥ 5 GPa, resulting
in its rapid ascent through the mantle and emplacement at the base of thickened Variscan crust. Garnet peridotite at the 
town of Zöblitz represents another rock type also inserted in this crust. Eclogites of the western Erzgebirge experienced 
a nearly isobaric (~2.6 GPa) temperature increase from about 500 to 700 °C and subsequent exhumation at decreasing 
temperatures to finally form bodies in mica-schist and gneiss, which were metamorphosed at a maximum pressure of
1.3 GPa. The metamorphic P-T path of these eclogites is related to mass flow in a subduction channel.

Introduction

The first part of the pre-conference excursion, related to the 9th 
International Eclogite Conference, is aimed at presenting key 
occurrences of rocks, formed at ultrahigh pressure (UHP) and 
near-UHP conditions, in the German part of the crystalline com-

plex of the Erzgebirge (Ore Mountains) in the Saxothuringian 
zone, which is located at the northwestern margin of the Bohe-
mian Massif (Fig. 1). Krušné Hory is the name which is synon-
ymously used in Czech for this complex. The Saxonian Erzge-
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Stop 1-1 (Day 1). Eclogite, NW of Lauta 
Coordinates: N50°40'26.6" E13°08'08.9"

The excursion starts in the town of 
Marienberg. From the centre of this 
town go to the north-west. 2.2 km after 
passing the Zschopauer Tor, the old gate 
built in the middle of the 16th century, 
turn to the right, 300 m in front of the 
entrance of the Lautaer Hauptstrasse 
into the national route 174 (Fig. 3). After 
some hundred metres, just after passing 
B174 via a bridge, turn to the left and 
stop the vehicle after 250 m. From 
here walk some hundred metres first
to the west and then to the north-west 
following a farm track to the margin of 
a forest (Fig. 3).

birge is an anticlinal structure with an ellipsoidal shape, extend-
ing in a WSW-ENE direction (Fig. 2). It is surrounded by an-
chimetamorphic to low-grade metamorphic rocks. Towards the 
south the crystalline complex of the Erzgebirge is limited by the 
Eger graben (the river Eger is named Ohře in Czech), which is 
a Late Cretaceous to Tertiary structure. The outcropping rocks 
in the Erzgebirge are variable in terms of metamorphic degree. 
Various subdivisions have been proposed for the metamorphic 
rocks. Here, the proposal by Willner et al. (2000) is preferred, 
who recognized three major medium to high-grade metamor-
phic units, which are surrounded by the low-grade Phyllite Unit 
(Fig. 2). Two of these three units, Mica-schist – Eclogite Unit 
(MEU) and Gneiss – Eclogite Unit (GEU), contain abundant ec-
logite lenses, whereas high-pressure (HP) rocks are absent from 
the Red and Grey Gneiss Unit.

For detailed information on the regional geology, the map 
series, “Geologische Meßtischblätter”, is recommended. These 
maps, at a scale of 1 : 25000, are distributed by “Sächsisches 
Landesamt für Umwelt, Landwirtschaft und Geologie” at 
Dresden. In addition, an explanatory text is available for each 
map. The following sheets cover the areas visited during the 
first part of the pre-conference excursion: GK25 5245 Lengefeld,
GK25 5344 Marienberg-Wolkenstein, GK25 5345 Zöblitz, and 

GK25 5543 Oberwiesenthal. An overview map, Geologische 
Karte Erzgebirge/Vogtland at a scale of 1 : 100000, is also 
available.

In addition, we will find eclogite boulders by walking along the
field margin, suggesting that they were sampled from the field.

A typical feature of eclogite at stop 1-1 is the homogeneous 
distribution of black, up to cm-sized amphibole porphyroblasts 
within a single boulder. These porphyroblasts have overgrown 
a fine-grained, equigranular matrix of garnet, omphacite, phen-
gite, and quartz, mainly at the expense of omphacite. Massonne 
(1992) has studied an eclogite sample with mm-sized amphibole 

This stop is located at the northern border of the GEU with the 
MEU in the basement of the Saxonian Erzgebirge. In the target 
area boulders of fresh eclogite occur. In general, the concentra-
tion of such boulders at a specific site (see, e.g., Fig. 3) is inter-
preted as evidence for the existence of an eclogite body in the 
underground. Normally, such a body is enveloped by gneisses, 
which is probably the case at stop 1-1, in view of the abundant 
field stones of mica-schist and gneiss in the vicinity of this stop.

Fig. 2. Simplified geological map of the Saxonian Erzgebirge
according to Willner et al. (2000). Excursion stops are shown 
by stars.

 Fig. 3. Location map for stop 1-1 north-west of the town of Marienberg. The sites of eclogite boulders refer to eclog-
ite and amphibolite lenses as mapped by Schalch (1879).
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Mineral
Stage

Garnet Omphacite Phengite Amphibole
I II IIIa IIIb I II IIIa IIIb I II IIIa IIIa II IIIa IIIb

Si 5.812 5.846 5.883 5.920 1.981 1.980 1.976 1.983 6.793 6.711 6.515 6.283 6.168 6.751 6.381
Al(IV) 0.019 0.020 0.024 0.017 1.207 1.290 1.485 1.717 1.832 1.249 1.619
Ti 0.038 0.003 0.012 0.008 0.001 0.003 0.003 0.003 0.078 0.083 0.085 0.093 0.046 0.061 0.073
Al(VI) 3.912 3.977 3.971 3.984 0.411 0.448 0.434 0.422 2.983 3.023 3.132 3.280 1.265 0.930 1.060
Cr 0.005 0.007 0.003 0.000 0.000 0.001 0.000 0.000 0.003 0.005 0.009 0.011 0.011 0.006 0.003
Fe3+ 0.083 0.017 0.027 0.016 0.025 0.001 0.011 0.034 0.099 0.238 0.281
Fe2+ 3.310 3.447 3.415 3.502 0.070 0.137 0.118 0.099 0.178 0.178 0.188 0.174 1.557 0.981 1.199
Mn 0.076 0.062 0.079 0.086 0.001 0.002 0.000 0.002 0.000 0.003 0.000 0.004 0.014 0.003 0.000
Mg 1.096 1.371 1.130 1.092 0.512 0.438 0.453 0.454 0.790 0.755 0.674 0.558 2.008 2.781 2.384
Ca 1.519 1.120 1.376 1.320 0.559 0.536 0.556 0.539 0.000 0.000 0.000 0.000 1.605 1.424 1.461
Na 0.420 0.436 0.426 0.446 0.105 0.114 0.169 0.138 0.935 0.980 1.041
K 1.716 1.729 1.703 1.672 0.214 0.127 0.166
Ba 0.014 0.027 0.021 0.021 0.002 0.000 0.000
F 0.000 0.000 0.020 0.000 0.000 0.086 0.093

Tab. 1. Representative structural formulae of minerals in eclogite sample E25d taken north-west of the village of Lauta, Erzgebirge 
in Saxony, according to Massonne (1992). Metamorphic stage I is the earliest (inner core compositions of garnet, omphacite, and 
phengite), IIIb the latest (outermost rim compositions) eclogite stage recorded by the rock. Structural formulae were calculated on 
the following basis: garnet: 24 O, 10 six-and eight-fold coordinated cations; omphacite: 6 O, 4 cations; mica: 42 – (Ca+Ba) valen-
cies; amphibole: 46 valencies, 13 cations without Ca, Na, K, Ba.

porphyroblasts from this locality. This author noted a chemical 
zonation of garnet, omphacite, phengite, and amphibole (Table 1) 
and correlated the different compositions of these minerals with 
metamorphic stages I (early: core compositions) to III (late: rim 
compositions, b = outermost rim). Amphibole growth started at 
stage II and significantly increased in stages IIIa and IIIb. P-T
conditions of the metamorphic stages were thermodynamically 
calculated by considering equilibria with mineral components 
of phengite, omphacite, and garnet (Massonne, 1992), result-
ing in the P-T path shown in Fig. 4. According to this path, peak 
pressure conditions were 2.3 GPa. Peak temperature conditions 
reached about 600 °C after the peak pressure event. The exhu-
mation process, accompanied by amphibole growth, is character-
ized by significant cooling during decompression, a factor that
might have prevented the rock from strong retrogression.

Massonne and Czambor (2007) studied the chemical bulk-
rock composition of eclogites from the Saxonian Erzgebirge, 
including a sample from stop 1-1 (Erz02-8, see Table 2). Two 
groups of eclogites were distinguished: one occurring at and 
close to the Saidenbach reservoir, examples of which we will 
see and discuss at stop 1-3, and another distributed from the 
south-western to the central Erzgebirge, which is characterized 
by an N-MORB signature with a tendency towards P-MORB, 
as observed for the eclogite from stop 1-1.

Fig. 4. P-T path derived for sample E25d (see also Table 1) 
from stop 1-1 according to Massonne (1992).

Site Lauta * Epp. Saidenbach reservoir Siebensäure – Meluzína
Stop No. 1-1 1-2 1-3A 1-3A 1-3A 1-3A 1-3A 1-3A 1-3C 1-3C 1-3C 1-3D 2-2 2-2

Sample No. Erz02
8

E174c E99
22

E99
23

E99
24

E99
25

E00
6

E00
17

E42
1c

E42
1d

E99
3

E42
3P E22a E22c E96

15c
E95
5.3b

SiO2 wt.% 48.00 49.50 55.75 47.53 47.40 50.60 49.12 49.92 58.54 51.17 52.13 54.83 50.84 49.74 49.56 49.91
TiO2 wt.% 2.55 1.92 1.66 0.85 1.09 3.37 1.22 3.07 1.78 1.57 2.45 1.75 1.56 1.37 1.58 1.67

Tab. 2. Chemical compositions of eclogites from the Erzgebirge in the Bohemian Massif. The analytical data were obtained by 
X-ray fluorescence and, regarding some trace elements as marked in the table, ICP - mass spectrometry (Massonne and Czambor,
2007). * Epp. = 2.5 km southeast of the village of Eppendorf.
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Site Lauta * Epp. Saidenbach reservoir Siebensäure – Meluzína
Stop No. 1-1 1-2 1-3A 1-3A 1-3A 1-3A 1-3A 1-3A 1-3C 1-3C 1-3C 1-3D 2-2 2-2

Sample No. Erz02
8

E174c E99
22

E99
23

E99
24

E99
25

E00
6

E00
17

E42
1c

E42
1d

E99
3

E42
3P E22a E22c E96

15c
E95
5.3b

Al2O3 wt.% 13.55 14.80 15.80 17.63 17.38 15.28 16.55 16.23 15.88 16.48 16.43 16.13 14.48 13.92 14.19 13.64
FeO wt.% 13.33 11.30 8.13 7.08 8.14 9.19 7.97 12.44 7.48 6.06 10.76 8.13 9.80 10.25 8.29 11.37
Fe2O3 wt.% 0.90 3.51 2.42 2.91
CaO wt.% 11.20 12.30 7.44 10.08 11.96 8.34 12.84 8.28 4.73 8.78 7.91 7.21 11.21 10.68 11.45 11.65
MgO wt.% 5.62 6.33 4.24 8.79 8.73 4.29 8.42 4.03 3.66 5.56 4.45 4.56 7.20 6.92 6.89 6.76
MnO wt.% 0.23 0.20 0.14 0.11 0.13 0.20 0.14 0.20 0.14 0.14 0.19 0.13 0.18 0.16 0.24 0.21
K2O wt.% 0.14 0.23 1.54 0.96 0.39 0.78 0.41 0.51 2.40 1.46 0.74 1.80 0.21 0.25 0.41 0.12
Na2O wt.% 2.53 2.32 3.30 2.28 1.69 3.21 2.33 3.49 3.31 3.43 3.37 3.40 2.89 2.99 3.06 2.84
P2O5 wt.% 0.27 0.12 0.15 0.22 0.14 0.79 0.15 0.84 0.16 0.28 0.45 0.24 0.11 0.08 0.09 0.11
H20tot wt.% 0.45 0.26 0.82 0.36 0.15 0.57 0.25 0.22 0.92 1.42 0.61 0.79 0.26 1.29 0.94 0.34
CO2 wt.% 0.21 0.13 0.12 0.34 0.55 0.10 0.25 0.11 0.18 0.30 0.16 0.20 0.11 0.33 0.02 0.15
Sum wt.% 98.08 99.41 99.99 96.23 97.40 100.23 99.65 99.34 99.18 99.07 99.65 99.17 98.85 97.98 99.63 98.77

F wt.% 0.04 0.03 0.04 0.05 0.04 0.04 0.03 0.07 0.06 0.06 0.07 0.05 0.07 0.09
S wt.% 0.15 0.09 0.05 < 0.01 0.04 0.02 < 0.01 0.04 < 0.01 < 0.01 < 0.01 0.01 0.07 < 0.01
Cl wt.% < 0.01 < 0.01 < 0.01 < 0.01 0.02 0.01 < 0.01 0.02 < 0.01 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Li ppm ICP 53.9 22.4 36.9 32.2 14.4 14.1 11.2 16.1 31.6 21.1 26.8 34.4 35.8 23.3 16.3 14.3
Sc ppm 54 50 27 19 36 34 47 36 26 33 33 26 52 54 52 55
V ppm 420 353 214 138 126 317 227 317 181 207 261 203 350 320 352 361
Cr ppm 307 298 102 263 413 47 213 83 98 204 62 86 288 357 199 181
Ni ppm 70 95 36 150 152 21 93 37 51 47 46 43 87 80 79 81
Cu ppm 74 69 22 72 122 37 81 30 36 48 42 29 17 17 145 122
Zn ppm 147 116 92 63 58 128 60 136 85 83 129 93 128 87 99 106
Ga ppm 23 20 23 16 15 24 19 24 22 19 25 25 19 16 19 19
Rb ppm 8 13 34 13 8 18 14 15 52 41 33 58 13 8 29 12
Sr ppm 191 114 132 474 344 173 192 262 356 164 114 216 102 58 128 78
Y ppm ICP 69.4 39.7 29.8 16.8 9.4 37.1 18.7 55.0 26.4 25.1 53.8 28.8 45.2 44.7 40.8 35.3
Zr ppm 162 111 158 98 79 109 77 87 206 171 139 180 90 74 86 89
Nb ppm ICP 4.86 2.79 12.3 8.49 8.42 47.9 18.2 58.9 30.5 23.7 45.7 26.7 1.89 1.72 1.50 1.52
Sn ppm ICP 1.29 1.27 0.65 1.06 0.66 0.32 0.27 0.00 1.03 1.07 5.85 1.88 23.9 10.7 7.20 1.61
Ba ppm 94 42 306 2823 352 65 164 182 280 110 34 277 22 56
Hf/Zr ICP 0.053 0.032 0.029 0.025 0.025 0.028 0.032 0.048 0.035 0.030 0.037 0.040 0.048 0.082 0.040 0.033
Ta ppm ICP 0.49 0.34 0.49 0.59 0.46 2.48 1.23 3.53 2.23 1.20 5.29 1.84 0.27 0.19 0.18 0.20
Pb ppm ICP 3.46 1.59 5.05 107 11.9 1.48 3.37 4.85 10.1 1.53 8.33 4.58 0.73 1.36 6.21 10.1
Th ppm ICP 1.59 0.16 3.97 18.2 2.63 0.07 4.48 3.63 0.57 0.31 2.45 1.73 0.33 0.27 0.19 0.08
U ppm ICP 0.33 0.14 0.27 4.41 0.97 0.04 0.89 0.60 3.73 0.17 1.81 0.68 0.06 0.05 0.04 0.03

La ppm ICP 14.7 4.26 14.2 111.2 35.4 11.6 19.8 35.9 9.14 15.2 29.6 15.3 4.14 4.11 2.99 2.89
Ce ppm ICP 45.2 13.0 29.2 222.0 72.3 30.1 46.2 99.4 21.0 36.0 66.3 34.5 16.0 14.9 10.0 8.60
Pr ppm ICP 6.86 2.13 3.99 27.9 8.75 4.97 5.37 12.3 3.11 5.43 10.5 5.12 2.82 2.56 1.83 1.77
Nd ppm ICP 31.9 11.1 16.0 106.3 35.3 22.4 21.0 50.6 13.1 23.0 35.0 20.4 14.2 12.3 12.1 9.48
Sm ppm ICP 9.30 4.23 4.36 23.0 8.19 5.89 4.99 10.74 3.85 6.15 10.55 5.32 4.79 3.96 4.11 3.58
Eu ppm ICP 2.59 1.35 1.24 5.31 2.94 1.66 1.38 2.70 0.96 1.63 1.76 1.28 1.30 1.15 1.56 1.19
Gd ppm ICP 9.26 6.86 5.25 17.9 8.91 6.81 4.28 10.13 4.80 6.32 11.60 6.10 4.85 4.40 5.39 5.36
Tb ppm ICP 1.60 1.26 1.04 2.62 1.12 1.27 0.57 1.51 0.85 1.14 1.94 1.02 0.87 0.78 1.03 0.96
Dy ppm ICP 10.06 6.97 6.33 8.46 4.38 7.83 3.20 9.25 5.18 6.14 10.96 5.79 5.42 4.98 6.96 6.08
Ho ppm ICP 2.24 1.49 1.33 1.31 0.72 1.67 0.66 1.89 1.07 1.20 2.13 1.13 1.21 1.12 1.54 1.36
Er ppm ICP 9.47 4.39 3.98 3.94 2.03 4.86 4.15 10.50 3.11 3.42 5.97 3.20 4.44 4.16 4.60 4.11
Tm ppm ICP 0.94 0.60 0.55 0.38 0.22 0.63 0.23 0.64 0.42 0.45 0.73 0.41 0.51 0.47 0.63 0.57
Yb ppm ICP 6.21 4.04 3.42 2.80 1.52 3.75 1.67 4.59 2.76 2.71 4.54 2.66 3.31 3.08 4.11 3.78
Lu ppm ICP 1.03 0.60 0.51 0.35 0.19 0.56 0.29 0.78 0.40 0.41 0.62 0.38 0.56 0.51 0.76 0.57

Tab. 2. (continued) 
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Stop 1-2 (Day 1). Eclogite, SE of Eppendorf 
Coordinates: N50°46'36.3" E13°14'49.2"

The route of the excursion continues to Pockau (go first to national route 174 via Lautaer Hauptstrasse, then 2 km to the
north-west turning to the right; go on B101 for 9 km). Pass Pockau and reach the entrance to the village of Forchheim 
after going 5 km on B101. Directly on the left hand side there is the manor house of Forchheim. On the opposite side is 
a parking lot where the vehicle can be entered after the walking tour of stop 1-3. Continue to the exit of Forchheim and 
turn to the left heading for the village of Lippersdorf. After 3.5 km turn to the right following the main road through this 
village for 2.5 km. After a left and an immediate right turn proceed for 0.7 km. Then turn to the right. After 200 m park 
the vehicle in the vicinity of the exit of a road coming from the village of Eppendorf in the north-west.

In the abandoned quarry at stop 1-2 there is a good expo-
sure of massive eclogite which shows the same geochemical 
signature as eclogite from stop 1-1 (see Table 2). The eclogite of 
stop 1-2 probably belongs to a large body (Fig. 5) or an assem-
bly of several eclogite lenses. In spite of the two large eclogite 
bodies of Fig. 5 assumed to be below ground, additional out-
crops of eclogite do not exist, although abundant large blocks 
of eclogite occur along the borders between fields and woods
in the vicinity. These blocks and eclogite in the quarry may 
contain fresh omphacite, although locally this mineral may be 
completely altered to fine-grained symplectites of amphibole
and plagioclase. Occasionally, amphibole porphyroblasts, as in 
eclogite at stop 1-1, can be found here as well. This amphibole 
and the rare enrichment of potassic white mica might be a reac-
tion product by infiltrating H2O during late eclogite facies con-
ditions. Another interpretation of eclogitic layers rich in white 
mica is that they represent a pelitic protolith originally present 
as thin strata within the basic rocks.

A fresh phengite-bearing eclogite (sample E174c) from the 
quarry of stop 1-2 was investigated in detail. Mineral composi-
tions of moderately chemically zoned garnet (64 analyses: 
XPrp = 0.211–0.243, XGrs = 0.300–0.359, XSps ≤ 0.010; see also 
Fig. 6) and omphacite (36 analyses: Na between 0.371 and 0.403 
per formula unit = pfu) are given in Table 3. Phengite of the 
matrix and enclosed in omphacite (Fig. 7) shows Si contents be-

tween 3.30 and 3.35 pfu. Rims of matrix phengite can be lower 
in Si pfu (Table 3). Zr in rutile (19 analyses) of various textural 
positions is between 260 and 510 ppm (average 405 ppm). On 
the basis of a P-T pseudosection (Fig. 8A), which was calcu-
lated with the computer software package PERPLE_X (Con-
nolly, 2005) for the bulk-rock composition of eclogite E174c 
(Table 2) reduced to the NCKFMASH-system with TiO2, MnO, 
and O2, and its contouring by various chemical and modal pa-
rameters (Figs. 8B–D, F) was used to derive the P-T conditions 

Fig. 5. Location map for stop 1-2 south-east of the village of 
Eppendorf. The large eclogite bodies shown on the map were 
mapped by Hazard (1886).

Mineral Garnet Omphacite Phengite
core rim core rim core rim

Anal.-No. 1109/09 1109/91 1109/80 1109/12 1109/33 1109/72
SiO2 38.32 38.04 54.87 54.39 50.45 48.25
TiO2 0.12 0.10 0.08 0.23 1.55 1.12
Al2O3 21.66 21.63 10.19 10.80 26.98 30.60
Cr2O3 0.01 0.04 0.00 0.03 0.02 0.01
FeO 21.07 20.96 4.63 4.25 1.28 1.29
MnO 0.38 0.43 0.00 0.07 0.00 0.00
MgO 5.65 6.13 8.81 9.03 4.01 2.71
CaO 13.12 11.85 15.21 15.76 0.00 0.00
BaO 0.18 0.11
Na2O 5.40 5.33 0.47 0.83
K2O 9.57 9.00
Total 100.33 99.19 99.36 99.88 94.51 93.93

Si 5.811 5.830 1.976 1.949 6.705 6.437
AlIV 0.024 0.051 1.295 1.563
Ti 0.013 0.012 0.002 0.006 0.155 0.113
AlVI 3.871 3.907 0.409 0.405 2.932 3.247
Cr 0.001 0.005 0.000 0.001 0.002 0.001
Fe3+ 0.128 0.088 0.000 0.003
Fe2+ 2.544 2.598 0.139 0.125 0.142 0.144
Mn 0.049 0.056 0.000 0.002 0.000 0.000
Mg 1.277 1.400 0.473 0.483 0.795 0.539
Ca+Ba 2.131 1.946 0.587 0.605 0.010 0.006
Na 0.389 0.371 0.120 0.216
K 1.623 1.531

Tab. 3. Electron microprobe analyses (in wt.%) of miner-
als from eclogite E174c (stop 1-2) taken from Massonne and 
Bautsch (2004). Structural formulae were calculated as given 
in Table 1.
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Fig. 6. Concentration maps of Mg and Ca in moderately zoned garnets of eclogite sample E174c (stop 1-2). Garnets contain inclu-
sions of omphacite (Om), rutile (Rt), quartz (Qz), and apatite (Ap).

Fig. 7. Photomicrographs of minerals in eclogite E174c 
(stop 1-2) taken from Massonne and O’Brien (2003). 
A) Large inclusion of a symplectite, mainly composed of 
K-feldspar and quartz, in omphacite under plain polarized 
light. The inclusion is typically surrounded by cracks. Image 
width is 0.7 mm. B) A symplectite, somewhat smaller than 
that of A), rutile (Rt) and phengite (Phe) enclosed in omphac-
ite (crossed nicols). Image width is 0.4 mm. C) Back-scat-
tered electron image of the symplectite in B). Dark: quartz, 
light grey: K-feldspar and omphacite.

of the eclogite stage. In addition, the Ti-in-muscovite/phengite 
barometer (Massonne et al., 1993), calculated with the compu-
ter program PTGIBBS (Brandelik and Massonne, 2004), and the 
Zr-in-rutile thermometer (Tomkins et al., 2007) were applied 
to several potassic white mica compositions and the average Zr 
concentration in rutile, respectively. Corresponding average P-T 
curves (Si content of Si-rich potassic white mica, Ti content in 
potassic white mica, Na content of omphacite, Zr content of ru-
tile, Mg content of garnet), including the calculated boundaries 
for biotite and amphibole (Fig. 8F), define a P-T datum of about
1.8 GPa and 715 °C (Fig. 8G) which is very close to the estimate 
of the conditions of the HP event for the surrounding gneisses 
of the GEU (Willner et al., 1997). The isopleth for the mean Ca 
content of garnet (Fig. 8G) even suggests lower pressures, but 
this isopleth can sensitively shift with the O2 content, that can be 
related to the Fe2+: Fe3+ ratio of the rock, selected for the calcu-
lation of the P-T pseudosection. According to this calculation, 
some epidote should be present in the rock, but as this is not the 
case, the O2 might be lower than that selected resulting in a low-

er epidote content and, thus, in a higher grossular content at spe-
cific P-T conditions.

A peculiar feature in the eclogite at stop 1-2 are inclusions 
in omphacite, which consist mainly of intergrown K-feldspar 
and quartz, resembling a symplectite (Fig. 7). Often, these sym-
plectites are surrounded by cracks in omphacite. This might 
be the reason why these inclusions were mistaken as pseudo-
morphs after coesite by Schmädicke et al. (1992), who also 
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 Fig. 8. (A) P-T pseudosection calculated for the simplified composition of eclogite E174c (SiO2: 47.82 wt.%, TiO2: 1.86 wt.%, Al2O3: 
14.30 wt.%, FeO: 10.92 wt.%, O2: 0.10 wt.%, MnO: 0.19 wt.%, MgO: 6.12 wt.%, CaO: 11.73 wt.%, Na2O: 2.24 wt.%, K2O: 0.22 wt.%, 
H2O: 4.5 wt.%) with the computer software package PERPLE_X (Connolly, 2005). This calculation was undertaken as reported 
by Massonne and Toulkeridis (2010). However, (1) the solid-solution model IlGkPy for ilmenite was additionally selected from 
the corresponding data-file newest_format_solut.dat and (2) TiBio(HP) was applied instead of Bio(HP). Furthermore, a model for
the magnetite (1) -ulvöspinel (2) solid-solution, Usp(M), was newly introduced with Margules parameters W112 = 6600 Joule/mol 
and W122 = 14300 Joule/mol. Abbreviations: Bt = biotite, Cam = Ca-amphibole, Ch = chlorite, De = deerite, Ep = epidote, Gt = 
garnet, Hm = hematite, Im = ilmenite, Lw = lawsonite, Mt = magnetite, Nam = Na-amphibole, Om = Na-bearing clinopyroxene, 
Ph = phengite, Pl = plagioclase, Rt = rutile, St = stilpnomelane, Tc = Talc, Tt = titanite, Us = magnetite-ulvöspinel. The P-T 
pseudosection was contoured by isopleths for (B) molar fractions of Ca, Mg, and Mn in garnet, (C) Si contents pfu in potassic 
white mica, (D) modal and Na content of clinopyroxene, and (E) modal content of garnet. (F) displays curves limiting the P-T 
occurrence of specific minerals. The P-T position of the solidus curve “Melt in” was calculated additionally using the haplogranitic
melt model “melt(HP)”(see, e.g., White et al., 2001) also stored in Connolly’s file newest_format_solut.dat (see Massonne and 
Toulkeridis, 2010). This curve demonstrates that the low-pressure, high-temperature portion of the P-T pseudosection shows 
metastable phase relations with regard to silicate melt. (G) exhibits specific curves (A, B, M = amphibole, biotite, and melt
in) shown or related to those in (A)-(F) and average ones referring to the Zr and Ti contents in rutile and phengite (see text), 
respectively, which are relevant to the derivation of a P-T datum (grey ellipsis) for the studied eclogite E174c. In addition, P-T 
paths for eclogites from the central Erzgebirge are displayed (Sch et al. 1992 = Schmädicke et al., 1992; M + B 2004 = Massonne 
and Bautsch, 2004).

studied the eclogites SE of Eppendorf. On the basis of this as-
sumption, these authors estimated metamorphic pressures as 
high as 3.6 GPa (Fig. 8G). In addition, a temperature peak of 

850–900 °C, reached at pressures between 2.5 to 3.2 GPa, was 
proposed by Schmädicke et al. (1992). The symplectites en-
closed in omphacite were carefully studied by Massonne et al. 
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Fig 8. – see previous page.
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Stop 1–3 (Day 1). HP and UHP Rocks at the Saidenbach Reservoir
Go the same way back to Forchheim. However, before reaching Forchheim stop at the small bridge crossing Saidenbach 
brook. From here one has good access to the Saidenbach reservoir by walking on forest roads. To visit the coesite-bearing 
eclogites at the northern shore of the reservoir (see Fig. 9), take the trail on the north-western side of the brook. Walk for 
somewhat less than 2 km to reach stop A of the tour along the shore of the reservoir provided that (1) the water level is 
at least a few metres below maximum and (2) a permit was granted by the responsible person for the reservoir (office
directly north of the dam). Chances for (1) are best in the late summer and early autumn. In case the water level is at 
or close to maximum, alternative stops in the adjacent forests can be considered, especially to see the diamondiferous 
quartzofeldspathic rocks, which are called saidenbachite (Massonne, 2003) according to the type locality.

Fig. 9. Locations of stops 1-3 A to D along the shore of the Saidenbach reservoir. The simplified geological map was taken from
Massonne (2001).

(2000), who concluded that they are breakdown products of 
K-cymrite. On the basis of this assumption and geothermobaro-
metry with garnet, omphacite, and phengite components as ap-
plied to eclogite E25d from stop 1-1, Massonne and Bautsch 
(2004) proposed a P-T path, which started at UHP conditions of 
somewhat more than 3.0 GPa and ended close to 2.0 GPa and 
700 °C (Fig. 8G).

The P-T conditions derived here and by Willner et al. (1997) 
for the GEU are compatible with a continent-continent collision-
al scenario in which one continental plate was thrust under the 
other. This process led to thickened continental crust, which was 
eclogitized at and close to its base. The eclogites of stop 1-2 pro-
vide evidence for this event. During the burial of rocks located 

in the lower crust of the lower plate, heating may occur from 
temperatures of 600–650 °C (0.8 GPa) to around 700 °C, and Ca-
amphibole in basic rocks (calculated modal content of E174c at 
620 °C and 0.8 GPa in vol.% : 8.9 % epidote, 54.7 % amphibole, 
1.9 % biotite, 2.4 % garnet, 25.6 % plagioclase, 3.0 % quartz, 
2.8 % titanite, 0.8 % ilmenite) breaks down to form anhydrous 
phases and H2O or melt (see “melt in” curve of Fig. 8E). In the 
latter case and before reaching the peak pressure conditions (1.8 
GPa, 715 °C), the solidus curve is crossed again (Fig. 8G). Thus, 
the symplectite inclusions in omphacite of eclogite E174c could 
be the result of enclosed melt, the albite component of which 
was consumed by the overgrowing omphacite. Consequently, 
mainly K-feldspar and quartz remained in these inclusions.
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Stop 1-3 – A (Day 1). Eclogite at the Northern Shore 
Coordinates: N50°44'14.2" E13°14'36.1"

At this site numerous blocks of eclogite are scattered along the 
strand (Fig. 9) showing a considerable diversity. Massive and fo-
liated types exist, as well as fine and coarser grained varieties. In
addition, the chemical variability of the eclogites is remarkable. 
Samples E99-21 to 24 and E00 (Table 2) demonstrate the signifi-
cant variation in some minor and trace elements. However, the 
rare-earth element (REE) patterns of the Saidenbach eclogites are 
very similar, being characterized by (La/Sm)N values >1. In con-
trast, the aforementioned eclogites with N-MORB to P-MORB sig-
natures have (La/Sm)N values ≤1. Massonne and Czambor (2007) 
concluded that the eclogites from the Saidenbach reservoir most 
likely originated from within-plate basalts to trachyandesites or 
corresponding plutonic rocks, based on various discrimination di-
agrams such as that shown in Fig. 10 after Meschede (1986).

The mineral assemblages of the eclogite blocks at stop 1-3A 
are also somewhat variable. Most of these blocks contain fresh 
garnet and omphacite. Rutile and quartz are pervasive. In a few 
cases, coesite has been detected in eclogite from this locality 
(Massonne, 2001; O’Brien and Ziemann, 2008). However, coes-
ite is only preserved as rare inclusions in omphacite and garnet 
(Fig. 11), although partial transformation to quartz is common. 
Due to the variable chemical bulk rock composition, especial-
ly in regard to certain minor and trace elements such as P, Sr, 
Ba, and Ce (see Table 2), unusual eclogitic minerals occur. For 
instance, abundant Ba-rich potassic white mica (Table 4) with 
decreasing Ba contents from core to rim was found in eclog-
ite that also contains cymrite as rare inclusion mineral (Mas-
sonne and Bautsch, 2004). Cl-rich apatite with relatively high 
amounts of Sr (>4 wt.% SrO) was reported by Massonne and 
Burchard (2000) from this locality. Kyanite and dolomite can 
be constituents in eclogite blocks at stop 1-3A (Fig. 11). Such is 
the case for sample E99-24, which is used here to illustrate the 
P-T conditions experienced by the eclogites of this site during 

their metamorphic evolution (chemical compositions of min-
erals in E99-24 are given in Table 4). Garnet and omphacite in 
E99-24 are moderately zoned, which is demonstrated by the 
X-ray maps of Fig. 12. For instance, grossular contents in garnet 
inner cores are 27 mol% and increase towards the outer core to 
values between 30–39 mol%. At the outermost garnet rim, gros-
sular contents are between 22 and 26 mol%. Furthermore, rela-
tively large phengite grains enclosed in garnet are richer in Si 
(close to 3.30 pfu) than moderately zoned potassic white mica 
(3.19–3.30 pfu) in the matrix. The rims of the latter white mica 
coexist with biotite (Fig. 12 G+H).

P-T pseudosections were calculated in the NCKFMASH-sys-
tem with TiO2, MnO, CO2 and O2 for compositions of E99-24 at 
different contents of H2O, CO2, and O2 (see legend of Fig. 13) to 
account for three different metamorphic stages. The calculation 
with the computer program PERPLE_X (Connolly, 2005) was 
performed as outlined in Massonne (2011a). However, the solid-
solution models TiBio(HP) and Omph(HP) were used instead of 
Bio(HP) and Cpx(HP). In addition, the models Usp(M), men-
tioned in the legend of Fig. 8, and Ep(HP) were applied. The 
results of the PERPLE_X calculations for sample E99-24 are 

 Fig. 10. Plot of chemical analyses of eclogites from the Saxonian 
Erzgebirge in the discrimination diagram of Meschede (1986). 
The graph was taken from Massonne and Czambor (2007).

Fig. 11. Photomicrographs of inclusions (Dol = dolomite,  
Ky = kyanite, Phe = phengite, Rt = rutile) in garnet of eclogite 
sample E99-24 (stop 1-3A) under plain polarized light (Mas-
sonne, 2001). Coesite (Cs) is surrounded by quartz (Qz). Im-
age widths are 1.3 mm (at the top) and 5 mm (at the bottom).
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 Mineral garnet garnet omphacite omphacite phengite phengite dolomite kyanite K,Ba-mica cymrite
outer core outer rim core outer rim inclusion matrix inclusion inclusion

 Sample E99-24 E99-24 E99-24 E99-24 E99-24 E99-24 E99-24 E99-24 E99-23 E99-23
 Anal. No. 170558 170560 170523 170528 170519 170516 11617/156 11617/152
 SiO2 40.62 40.03 55.67 54.02 49.11 48.27 0.10 35.54 37.40 31.54
 TiO2 0.18 0.07 0.22 0.35 2.60 2.49 0.04 0.08 4.42 0.17
 Al2O3 22.87 22.48 14.34 12.14 27.03 28.29 0.03 63.46 30.11 24.62
 Cr2O3 0.09 0.08 0.20 0.09 0.04 0.08
 FeOtot 11.39 18.46 2.64 2.94 1.34 1.32 3.30 0.34 0.85 0.31
 MnO 0.15 0.39 0.00 0.04 0.00 0.00 0.09 0.03
 MgO 11.35 10.39 7.84 9.58 3.82 3.13 19.23 0.05 2.72 0.17
 CaO 13.59 9.36 12.29 16.29 0.00 0.00 32.83 0.03 0.06 0.05
 Na2O 0.04 0.03 7.42 5.36 0.42 0.45 0.02 0.00 0.61 0.12
 K2O 0.00 0.00 10.60 10.82 0.00 0.00 5.06 0.28
 BaO 0.74 0.74 0.00 0.01 14.51 39.79
 Cl 0.10 0.81
 Total 101.29 101.29 100.63 100.81 95.65 95.51 55.68 99.62 95.84 97.86

 Si 5.880 5.895 1.947 1.908 6.581 6.495 0.003 0.962 5.632 2.044
 Ti 0.020 0.008 0.006 0.009 0.262 0.252 0.001 0.002 0.501 0.008
 Al 3.901 3.901 0.591 0.505 4.268 4.486 0.001 2.024 5.344 1.881
 Cr 0.011 0.010 0.006 0.002 0.001 0.002
 Fe 1.501 2.275 0.077 0.087 0.150 0.148 0.082 0.008 0.107 0.017
 Mn 0.019 0.049 0.000 0.001 0.000 0.000 0.002 0.001
 Mg 2.449 2.280 0.409 0.504 0.762 0.628 0.855 0.002 0.611 0.016
 Ca 2.108 1.476 0.461 0.616 0.000 0.000 1.049 0.001 0.010 0.004
 Na 0.012 0.010 0.503 0.367 0.109 0.118 0.001 0.000 0.178 0.015
 K 0.000 0.000 1.812 1.857 0.000 0.972 0.023
 Ba 0.039 0.039 0.000 0.856 1.010
 Cl 0.026 0.089

Tab. 4. Analyses with the wave-length dispersive systems of CAMECA SX50 and SX100 electron microprobes (in wt.%) of minerals 
in coesite-bearing eclogites from the northern shore of the Saidenbach reservoir (stop 1-2A). The analyses of minerals in E99-23 were 
taken from Massonne and Burchard (2000). Structural formulae were calculated as given in Table 1 and as follows: dolomite – 2 cations 
without C, kyanite – 3 cations, cymrite – 16 valencies. Contents of F were below the detection limit.

Fig. 12. (continued).
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Fig. 13. P-T pseudosections calculated for the composition (simplified compared to that given in Table 2) of dolomite-bearing eclogite
E99-24 (stop 1-3A) in the system KNCFMASH-Mn-Ti-O-C. The three selected metamorphic stages I (early = mineral assemblage 
enclosed in garnet), II (peak temperature related to the rim composition of extended garnet cores, which is Mg-richest), and III (late 

= matrix assemblage including the garnet outermost rim) were related to different H2O, O2, and CO2 contents (after normalization to 
a total of 100 wt%: I = 2, 0.2, 12 wt%, II = 0.5, 0, 4 wt%, and III = 0.5, 0, 1 wt%) guided by the idea that the growth of the majority of 
garnet after stage I was caused by decarbonation reactions. Abbreviations: Am = amphibole, Bt = biotite, Ch = chlorite, Cs = coesite, 
Do = dolomite, Ep = epidote, F = mixed H2O-CO2 fluid, Gt = garnet, Kf = alkalifeldspar, Ky = kyanite, Lw = lawsonite, Mg = magne-
site, Om = Na-rich clinopyroxene, Op = orthopyroxene, Pa = paragonite, Ph = phengite, Pl = plagioclase, Q = quartz, Rt = rutile, Zo = 
zoisite. P-T fields labelled with two times Am refer to coexisting Na- and Ca-amphibole. The latter amphibole appears at higher tem-
peratures and lower pressures relative to the occurrence of Na-amphibole.
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Fig. 14. Pseudosection of Fig. 13 contoured by the following sets of isopleths: (1) Si per formula unit in phengite, (2) grossular and 
(3) pyrope contents in garnet. Grey ellipses mark likely P-T conditions for the three stages I to III (see legend of Fig. 13), and are 
connected by arrows defining a P-T path for eclogite E99-24.
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Stop 1-3 – B (Day 1). Saidenbachite at the Eastern Shore 
Coordinates: N50°44'10.0" E13°15'08.6"

Walk back along the shore, cross the Saidenbach creek, turn to the south, and continue to walk along the shore until the 
forest road changes to a westerly direction. Then, continue walking for about 400 metres to some large boulders that, 
however, would be partially submerged when the reservoir is at its maximum level.

shown in Figures 13 and 14. For the early metamorphic stage I, 
characterized by the inclusion assemblage of kyanite, dolomite, 
phengite, (clino)zoisite and omphacite in garnet (Fig. 13), P-T 
conditions around 2.0 GPa and 660 °C were estimated (Fig. 14). 
At this stage there should be little garnet present, according to 
the calculation results (see Table 5). Garnet grew during fur-
ther burial mainly at the expense of carbonate minerals (dolo-
mite and inferred magnesite), quartz/coesite and zoisite-epidote. 
Peak P-T conditions (stage II) cannot be precisely assessed as 
the garnet composition is not very sensitive at the inferred P-T 
conditions around 4.5 GPa and 1050 °C (see Fig. 14). Zr in rutile 
geothermometry yielded ca. 900 °C (at 4.5 GPa) based on the 
calibration by Tomkins et al. (2007) and 19 of 20 rutile analyses 
with a mean value close to 1300 ppm Zr. Application of the gar-
net-omphacite Fe2+-Mg exchange thermometry gave tempera-
tures around 1200 °C at 4.5 GPa, using the calibration by Ellis 
and Green (1979). However, this temperature estimate is rather 
uncertain, due to the difficulty in determining the amounts of
Fe2+ and Fe3+ in omphacite. The retrograde stage III, which is 
characterized by micas and kyanite of the matrix and the gar-
net and omphacite outermost rims (see Table 3), was defined at
P-T conditions around 1.6 GPa and 770–800 °C (Fig. 14).

Eclogite E99-24 yielded a δ13C(PDB) value of –9.2 (analyti-
cal method as reported by Massonne and Tu, 2007). Such a re-
sult for δ13C does not exclude freshwater carbonates as a pos-
sible source of carbon in the protolith of this eclogite. On the 
other hand, the δ13C value would still be compatible with mantle 
carbon (usually around δ13C(PDB) = –5).

Stage I II III
P/GPa 2.1 4.5 1.8
T/°C 670 1050 780
Om  15.3  20.4  42.3
Gt  2.9  55.7  40.4
Zo/Ep  21.3  
Ph  2.8  4.0  4.2
Pa  4.0
Ky  6.0  6.0
Q/Cs  21.1  12.1  6.1
Rt  0.7  0.9  0.9
Do  9.4  6.8
Mg  16.4

XNa(Om)  0.54  0.59  0.30
XCa(Gt)  0.255  0.355  0.29
XFe(Gt)  0.47  0.26  0.345
XMg(Gt)  0.24  0.38  0.36
Si(Ph) pfu  3.30  3.42  3.25

Stages and mineral abbreviations as in Fig. 13.

Tab. 5. Modal content (in vol%) and compositional character-
istics of minerals calculated with the PERPLE_X software for 
the simplified eclogite composition of E99-24.

Boulders of saidenbachite differ from those of migmatitic gneiss-
es (“Flammengneise”) that occur abundantly as field stones and
blocks along the strand and in the adjacent forest. Saidenbachite 
is a non- or slightly foliated quartzofeldspathic rock with a homo-
geneous distribution of abundant mm-sized garnets in a musco-
vite-rich matrix. Boulders of saidenbachite, which are distributed 
for 500 metres to the west, occur only very locally and are likely 
related to (lensoid?) bodies underground surrounded by migmatit-
ic gneisses (see map of Fig. 9).

Microdiamonds up to 30 μm, but generally between 5 
to 10 μm, in diameter occur as inclusions in garnet and other 
phases (Fig. 15) of the saidenbachite and were first reported by
Massonne (1999). Nasdala and Massonne (2000) confirmed
the existence of these microdiamonds by Raman-spectrosco-
py. Hwang et al. (2001) and Stöckhert et al. (2001) reported the 
association of quartz, feldspars, various micas, and occasion-
ally apatite and rutile with diamond within a single inclusion in 
garnet (Fig. 15). These authors interpreted such polyphase in-
clusions as trapped siliceous fluid or melt. The microdiamonds
themselves contain nanometre-sized inclusions, the minerals of 

which can hardly be identified and related to the larger inclusion
minerals (Dobrzhinetskaya et al., 2003).

Detailed studies of saidenbachite demonstrate that the 
microdiamonds are enclosed in an intermediate compositional 
zone of garnet (Massonne, 2003) characterized by relatively low 
Ca concentrations (Table 6, Fig. 16). Microdiamond inclusions 
also occur in an intermediate zone of mm-sized kyanite grains, 
which are relicts corroded by potassic white mica (Fig. 17). Oc-
casionally, abundant small idiomorphic garnets are enclosed in 
the cores of kyanite.

Microdiamonds also occur in an intermediate growth zone 
in zircon (Fig. 18). Rare inclusions of graphite, garnet and ja-
deite were found in zircon cores (Nasdala and Massonne, 2000; 
Massonne and Tu, 2007). In addition, inclusions of phengite, 
quartz, and rutile occur in garnet cores. From the assemblage 
of these inclusions, P-T conditions of 1.8 GPa and 650 °C were 
derived by geothermobarometry (Massonne and Nasdala, 2003) 
a result which is the same as the peak pressure estimated for 
gneisses in the vicinity of the saidenbachites (Willner et al., 
1997) and for eclogite of stop 1-2 (see Fig. 8). This coincidence 
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Fig. 16. Concentration maps of Ca and Mg of garnet in saidenbachite sample E97-2 (alternative stop 1-3E) taken from Massonne 
and O’Brien (2003).

was interpreted by Massonne and Nasdala (2003) as evidence 
for the location of the saidenbachite protolith at the base of a 
continental crust thickened to 60 km, or more, during the Var-
iscan orogeny. Subsequently, this protolith was deeply buried 
into the mantle to be heated to about 1200 °C (Massonne, 2003) 
resulting in extensive anatexis. Corresponding melts, contain-
ing residual garnet and zircon (cores), ascended from depths 
of more than 150 km (the diamond-graphite transition occurs 
in depths of 150 km at 1100 °C). If TiO2 with α-PbO2 structure, 
found by Hwang et al. (2000) in saidenbachite, would have 
been a stable phase, this depth could have been 200 km or more. 
During ascent, still at high pressures, garnet and kyanite, but 
also rutile, zircon, and diamond, crystallized from the magma 
(Massonne, 2003). Finally, the magma was emplaced in deep 
portions of still thickened continental crust at P-T conditions of 
1.5 to 1.8 GPa (55–60 km) and temperatures close to 750 °C, as 
determined by phengite geothermobarometry (Massonne, 1999; 
2003). At this stage considerable muscovite formed by a peri-
tectic reaction from the remaining melt (Massonne, 2003) and 
during subsequent retrogression, some biotite grew at the ex-
pense of muscovite. It is noteworthy that several microstructur-
al features indicate the early formation (or existence) of coes-
ite, jadeitic pyroxene, and possibly K-cymrite during the ascent 
of the saidenbachitic magma (Massonne, 2003; Massonne and 
Nasdala, 2003).

In contrast to the magmatic interpretation for the genesis 
of saidenbachite, Hwang et al. (2006) suggested that micro-
diamonds were generated by infiltration of ultrapotassic fluids.
However, the enclosure of abundant small garnet crystals in ky-
anite (Fig. 17) cannot be explained by such fluid infiltration. On
the contrary, crystallization of a saidenbachitic melt can account 
for this texture by undercooling accompanied by formation of 
many garnet nuclei (Massonne, 2003). In addition, the concen-
tration of phosphorus in saidenbachite is so low (Tab. 7) that the 
amounts of the putative “P/K-rich melts”, penetrating and re-
acting with gneissic rocks as suggested by Hwang et al. (2006), 
must also be very low. Thus, it would be surprising that such 

Fig. 15. (A) Photomicrograph of microdiamonds enclosed in 
garnet (Gt) from quartzofeldspathic rock E97-3 (alternative 
stop 1-3E) seen under reflected light. Striations around the
diamonds, due to the preparation method applied (Massonne 
et al., 1998), allow their detection. Image width is 3 mm. (B) 
SEM image of a polyphase diamond-bearing inclusion in gar-
net from saidenbachite (Stöckhert et al., 2001). Arrows point 
to rational mica garnet interfaces. The circle marks an off-
shoot that typically originated at the edges of such inclusions 
by decrepitation due to internal overpressure. qz = quartz, par 

= paragonite, phl = phlogopite, ap = apatite.
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 Mineral kyanite garnet garnet inter- garnet garnet garnet incl. jadeite incl. phengite incl. phengite phengite
core mediate zone rim core in zircon in zircon in garnet core rim

 Sample E97-2 E97-2 E97-2 E97-2 St6100 St6100 St6100 St6100 E97-1 E97-1
 SiO2  36.66  38.57  38.66  39.00  38.80  39.07  58.54  49.67  47.90  47.15
 TiO2  0.067  0.203  0.133  0.053  0.075  0.018  0.284  3.32  2.11  2.32
 Al2O3  63.19  22.20  22.32  22.34  22.59  22.44  22.80  28.25  28.64  29.70
 Cr2O3  0.037  0.02  0.02  0.06  0.01  0.04  0.02  0.05  0.05  0.05
 FeOtot  0.084  26.06  26.11  25.32  26.02  24.93  1.72  1.11  1.48  1.54
 MnO  0.34  0.34  0.295  0.39  0.25  0.00  0.06  0.00  0.03
 MgO  0.046  7.57  8.26  8.33  9.59  10.18  2.28  3.51  2.97  2.59
 CaO  5.50  4.40  5.22  3.57  3.44  3.04  0.01  0.02  0.01
 Na2O  0.13  0.08  11.95  0.72  0.27  0.23
 K2O  0.00  0.00  0.00  9.77  9.91  9.91
 BaO  0.28  0.32  0.21
 F  0.21  0.11  0.10
 Total  100.08  100.46  100.24  100.62  101.17  100.44  100.63  96.97  93.79  93.83

 Si  0.988  5.906  5.918  5.936  5.785  5.871  2.003  6.497  6.476  6.367
 Ti  0.0014  0.024  0.016  0.006  0.008  0.002  0.007  0.327  0.215  0.235
 Al  2.007  4.006  4.026  4.006  3.970  3.974  0.920  4.354  4.564  4.727
 Cr  0.0008  0.002  0.002  0.006  0.001  0.004  0.001  0.005  0.005  0.005
 Fe  0.0019  3.338  3.342  3.220  3.245  3.133  0.049  0.122  0.167  0.174
 Mn  0.044  0.044  0.038  0.049  0.032  0.006  0.000  0.004
 Mg  0.0019  1.728  1.884  1.890  2.131  2.280  0.116  0.685  0.598  0.521
 Ca  0.902  0.720  0.850  0.570  0.554  0.111  0.001  0.000  0.000
 Na  0.035  0.022  0.793  0.184  0.070  0.060
 K  1.710  1.706
 Ba  0.017  0.011
 F  1.645  0.048  0.044

Tab. 6. Electron microprobe analyses (in wt.%) of minerals in diamondiferous quartzofeldspathic rocks from the Saidenbach reser-
voir taken from Massonne (1999) and Massonne and Nasdala (2003). Structural formulae were calculated as given in Table 4.

small amounts of penetrating fluids could produce abundant
polyphase inclusions in mm-scale garnet sometimes throughout 
a nearly entire garnet grain (Stöckhert et al., 2009).

The various metamorphic-magmatic stages were dated by 
SHRIMP analysis of Pb, U, and Th isotopes in zircon (Mas-
sonne et al., 2007). The determined ages were around 337 Ma 
(Fig. 19) for core and intermediate domains of zircon (see 
Fig. 18). Zircon rims yielded a mean age of 330 Ma. In addition, 
monazite ages from SHRIMP and electron microprobe analyses 
were about 332 Ma and 325 Ma, respectively (Massonne et al., 
2007). Monazite appears exclusively in the matrix of the said-
enbachites and is a relatively late-stage mineral. Based on such 
U-Th-Pb dating results and the above described P-T path, Mas-
sonne et al. (2007) estimated that burial rates for the saidenba-
chites and their protoliths were on the order of several cm per 
year, and that exhumation rates were »10 cm per year (Fig. 19). 
This very high exhumation rate was explained by ascent of the 
saidenbachitic magma, from which the intermediate zircon do-
main crystallized. This view is supported by Stöckhert et al. 
(2009), who deduced a minimum exhumation rate on the order 
of 100 m per year, based on decrepitation of fluid inclusions in
garnet (see Fig. 15B), rather than plastic deformation of the en-
closing garnet.

Fig. 17. Photomicrograph of a large kyanite from sample 
E97-3 (alternative stop 1-3E), viewed under crossed nicols 
(Massonne, 2003). The colour image was taken from Mas-
sonne and O’Brien (2003). Kyanite is partly replaced mainly 
by micas. Abundant small garnets are enclosed in the core of 
the crystal. Arrows point to enclosed microdiamonds. Image 
width is 4 mm.



46
GeoLines 23

2011

country rocks, which were transformed by later metamorphism 
and deformation.

Microdiamonds from saidenbachite near Forchheim have 
a high nitrogen aggregation state (Dobrzhinetskaya et al., 
2006) and δ13C(PDB) values around –30 ‰ (Massonne and Tu, 
2007). A similar δ13C signature was found for graphite, both 
that enclosed in zircon cores and that occurring as relatively 
large flakes in the rock matrix (Massonne and Tu, 2007). Such
δ13C(PDB) values were taken to indicate an organic source for 
the carbon. Combining the 13C signature with concordant U-Pb 
ages of ca. 400 Ma for rare oscillatory zoned (magmatic) zir-
con cores (Fig. 18; Massonne et al., 2007) and a psammopelitic 
bulk-rock composition, Massonne and Tu (2007) hypothesized 
that the saidenbachites were sediments deposited no earlier than 
Mid-Devonian time. In addition, it is conceivable that these sed-
iments were turbidites (see bulk-rock compositions of Table 7) 

The bulk composition of saidenbachite is typical for that of 
psammopelite (i.e., low P and relatively high Ti, V, Cr, and Ni 
contents; Table 7), whereas the surrounding migmatitic gneiss-
es were once granitic rocks (Düffels and Massonne, 2001). Ac-
cording to the study by Tichomirowa (2003), the orthogneiss-
es belong to the red-gneiss family (especially Tichomirowa’s 
type A) which is characterized by elongated zircons. These zir-
cons yield ages in the range, 470–500 Ma, which are interpret-
ed as crystallization ages of S-type granitoids. However, zircon 
rims around older cores crystallized around 340 Ma during the 
migmatite-forming event (Tichomirowa et al., 2005). Another 
difference between saidenbachite and surrounding orthogneiss 
is shown by their REE patterns, in which a significant Eu anom-
aly occurs in orthogneisses, but is only moderately developed 
in saidenbachite (Fig. 20). From the above geochemical differ-
ences it is concluded that the saidenbachites do not represent 

1 2 3 4 5 6
E99-2a E00-4 E98-7b KD54 KD55 KD63

SiO2 in wt.% 64.33 69.77 59.58 74.26 71.12 74.19
TiO2 0.76 0.61 1.04 0.29 0.42 0.30
Al2O3 18.03 15.04 21.56 14.19 14.84 13.29
FeOtot 5.29 4.71 6.29 2.53 2.73 1.94
CaO 0.95 1.46 0.28 1.59 1.33 0.90
MgO 2.46 2.00 1.52 0.89 0.82 0.47
MnO 0.05 0.06 0.05 0.04 0.03 0.02
K2O 3.39 2.41 5.65 1.77 4.85 5.02
Na2O 2.51 3.23 0.37 4.28 2.92 2.51
P2O5 0.05 0.04 0.07 0.07 0.16 0.18
H2Otot 1.30 0.58 2.86 0.52 0.56 0.92
CO2 0.09 0.08 0.04 0.03 0.04 0.05
Sum 99.21 99.99 99.31 100.46 99.82 99.79

Li in ppm 100.6 100.1 65.4 120.0 42.3 76.0
Sc 20.6 15.6 6.0 9 7.2 4.9
V 117 89 139 32 40 25
Cr 77 64 114 1 11 0
Ni 45.4 26.1 23.1 3.85 8.45 5.01
Cu 17 0 19 10 0 5
Zn 104 67 22 31 41 36
Ga 23 19 33 19 18 19
Rb 135 103 338 73 170 252
Sr 112 102.4 12.8 27 112.5 94.2
Y 13.8 14.9 10.2 65.8 45.1 49.0
Zr 167 166 103 83 190 172
Nb 13.7 12.7 19.8 6.57 11.1 14.8
Sn 1.84 2.17 34.8 8.95 2.8 4.6
Ba 415 297 699 142 657 430
Hf/Zr 0.053 0.032 0.030 0.032 0.034
Ta 0.92 0.92 1.92 0.25 0.61 1.44
Pb 2.12 1.83 3.25 1.14 14.41 32.12
Th 2.44 6.38 4.58 0.54 12.89 16.84
U 1.23 1.82 4.30 0.10 0.77 5.42

Tab. 7. XRF and ICP-MS (numbers in italics) analyses of quartz-
ofeldspathic rocks from the GEU of the Saxonian Erzgebirge 
taken from Massonne and Bautsch (2004). 1,2 = saidenbachite 
from the Saidenbach reservoir, 3 = rock without diamonds, but 
with aspect similar to saidenbachite, taken northeast of the ser-
pentinite body at Zöblitz, 4 = gneiss unusually rich in Na sam-
pled SW of the village of Forchheim, 5,6 = ordinary gneisses 
taken close to diamondiferous rocks SW of Forchheim.

Fig. 18. Cathodoluminescence (CL) images of zircon grains 
(fraction 125-250 μm) separated from saidenbachite sam-
ple St6100 (alternative stop 1-3E). These images were taken 
from Massonne et al. (2007). (a) Overview. White arrows 
show relatively extended zircon rims with light CL. Less than 
half of the grains show cores with minor CL. Black spots 
in the zircons are due to mineral inclusions, among which 
microdiamonds dominate. (b) Enlarged area of the zircon 
population. Arrows show zircon cores which are typically 
corroded. This is shown best in the middle zircon (white ar-
row), where relatively large microdiamonds (black spots) ap-
pear. In addition, the diamond-bearing intermediate zone in 
zircons often shows a relatively homogeneous CL. (c) Zircon 
with core (tentatively outlined by the black line) showing rare 
alternating zones typical of magmatic zircons.
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Stop 1-3 – C (Day 1). Eclogite at the Eastern Shore 
Coordinates: N50°43'52.5"  E13°14'35.5"

From the western end of the saidenbachite body (stop 1-3B) at the shore of the reservoir, continue walking in a south-
westerly direction for 500 metres to a natural outcrop on the shore, which would be still discernible if the water level of 
the reservoir is at its maximum.

deposited in the shrinking ocean basin before collision of the 
Laurussia and Gondwana continental plates (or microcontinents 
derived from Gondwana, e.g., Linnemann et al., 2000)

Subsequently, the protolith of the saidenbachite was likely 
deeply buried by a subduction event. In this context, Behn et al. 
(2011) suggested that pelitic material at the top of deeply sub-
ducted crust can form buoyant diapirs that ascend into the hot, 
overlying mantle wedge, where partial melting begins. This sce-
nario may be applicable to the saidenbachites. Alternatively, the 
saidenbachite characteristics might be related to lithospheric 
delamination below the thickened Variscan crust, possibly tens 
of million years after the continent-continent collision (Willner 
et al., 2002; Massonne, 2005). If crustal material from the base 

of this thickened crust were already partially (?) eclogitized (see 
eclogite E174c from stop 1-2 and stage I of eclogite E99-24 from 
stop 1-3A, and see Leech, 2001), it could have foundered into the 
hot mantle to be melted there. In either case, buoyant diapirism 
or crustal delamination, melting of the saidenbachite protolith oc-
curred in the mantle although no interaction with mantle material 
is discernible in the chemical composition of saidenbachite.

Fig. 19. Pressure-time diagram displaying a likely burial and 
exhumation course for saidenbachites from the Saxonian 
Erzgebirge during an episode of the Variscan orogeny (Mas-
sonne et al., 2007). Error bars for time are related to 1σ. The 
open circle represents the mean age acquired via EMP dating 
of monazite from saidenbachite by Massonne et al. (2007). The 
U-Pb zircon age at 340.5 Ma was dated by Kröner and Willner 
(1998) for sample E42x (at or close to stop 1-3D). The age at 
323 Ma is a Rb-Sr biotite (cooling) age determined for a granu-
lite from the nearby Granulitgebirge (see Fig. 1) by Romer and 
Rötzler (2001) The other ages are SHRIMP U-Pb ages of zir-
con and monazite from saidenbachite (Massonne et al., 2007). 

Fig. 20. REE patterns of saidenbachites from the GEU of 
the Saxonian Erzgebirge taken from Massonne and Bautsch 
(2004). The data were obtained by ICP-MS analyses and subse-
quently normalized to chondrite according to Boynton (1984). 
The light REE depletion of sample E99-32(N) may be ex-
plained by the escape of a melt fraction before complete crystal-
lization. For this reason, monazite is absent from saidenbachite 
E99-32(N), but present in all other saidenbachites plotted here.

Exposed at this stop (Fig. 9) in the south-eastern portion of the re-
servoir is a homogeneous eclogite, which is partially penetrated 
by whitish schlieren and pegmatoid dykes. Thick, up to cm-sized 
white mica flakes occur in the pegmatoid and such mica also ap-
pears in eclogite directly adjacent to the pegmatoid.

The eclogite is characterized by abundant mm-sized gar-
net grains, which are homogeneously distributed in the rock 
as in the nearby saidenbachite. The eclogite matrix consists of 

a greenish-greyish material, which is mainly composed of rela-
tively coarse-grained symplectite of plagioclase, Ca-amphibole 
and Na-poor clinopyroxene after former omphacite. Although 
matrix omphacite has been completely altered to symplectite, 
fresh omphacite has been preserved as relatively large inclu-
sions in garnet (Fig. 21, Table 8) of samples E42-1d and E03-14 
from stop 1-3C. This is also true for other natural exposures of 
this type of homogeneous eclogite along the shore of the Said-
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enbach reservoir. This type of eclogite also occurs as blocks and 
field stones in the forests and along field boundaries north of the
Saidenbach reservoir (see also Fig. 9). Another important inclu-
sion mineral is phengite, the composition (Table 8) of which is 
nearly identical to that of phengite enclosed in garnet of ec-
logite E99-24 at stop 1-3A. The same is true for potassic white 
mica in the matrix, with respect to the lower Si contents of this 
mica compared with that of the inclusion. Although Massonne 
and Bautsch (2004) determined P-T conditions somewhat above 
30 kbar and 1000 °C by phengite geothermobarometry (as ap-
plied to eclogite from stop 1-1) based on the compositions of in-
clusion minerals and the core of the garnet host, it appears from 
the relations in the P-T pseudosection of Fig. 13 that these min-
erals did not necessarily coexist at an early metamorphic stage. 
It seems to be more likely that the homogeneous eclogites from 
stop 1-3C and elsewhere have experienced P-T conditions simi-
lar to those derived for eclogite E99-24. Unfortunately, no car-
bonate presently occurs in this homogeneous type of eclogite.

Polished, centre-cut zircon grains from eclogite sample 
E03-14 usually show an extended blurry core in cathodolumi-
nescence images. In contrast, the rim zone of zircon is homo-
geneous with a cathodoluminescence significantly higher than

Fig. 21. Photomicrograph of a garnet (Gt) with inclusions of 
phengite (Ph) and omphacite (Om) in eclogite sample E42-1d 
(stop 1-3C) viewed under crossed nicols (Massonne and 
Bautsch, 2004). Muscovite (Ms), often surrounded by biotite 
(Bt), occurs outside garnet. Scale bar represents 150 μm.

Mineral Omphacite Phengite Garnet Phengite Phengite
inclusion inclusion core rim rim core rim

Anal.-No. 1868/4 1868/38 1868/18 1868/24 1868/12 1771/13 1771/8
Sample E42-1d E42-1d E42-1d E42-1d E42-1d E42-1e E42-1e
SiO2 54.70 51.70 38.80 38.66 48.06 50.21 50.56
TiO2 0.34 3.74 0.21 0.08 2.62 2.77 2.30
Al2O3 14.05 27.17 21.86 21.90 28.61 29.01 29.76
Cr2O3 0.00 0.08 0.00 0.06 0.05 0.00 0.01
FeO 4.06 1.72 18.80 21.96 2.36 3.10 2.60
MnO 0.02 0.04 0.37 0.53 0.00 0.01 0.01
MgO 6.95 4.09 6.93 7.84 2.74 3.35 3.21
CaO 12.57 0.01 12.63 8.50 0.00 0.00 0.00
BaO 0.36 0.18 0.20 0.20
Na2O 6.92 0.24 0.29 0.23 0.18
K2O 10.42 10.70 9.25 8.90
Total 99.62 99.57 99.60 99.53 95.61 98.13 97.72

Si 1.945 6.591 5.909 5.906 6.438 6.451 6.468
AlIV 0.055 1.409 1.562 1.549 1.532
Ti 0.009 0.358 0.025 0.010 0.264 0.267 0.221
AlVI 0.534 2.674 3.924 3.942 2.955 2.843 2.955
Cr 0.000 0.008 0.000 0.007 0.005 0.000 0.001
Fe3+ 0.000 0.076 0.051
Fe2+ 0.121 0.184 2.319 2.754 0.264 0.333 0.278
Mn 0.001 0.005 0.047 0.069 0.000 0.001 0.001
Mg 0.368 0.777 1.573 1.785 0.548 0.641 0.611
Ca+Ba 0.479 0.019 2.061 1.392 0.010 0.010 0.010
Na 0.477 0.060 0.076 0.057 0.044
K 1.694 1.829 1.516 1.453

Tab. 8. Electron microprobe analyses (in wt.%) of minerals from eclogite E42-1d and pegmatoid E42-1e taken from stop 1-3 C 
(Massonne and Bautsch, 2004). The two inclusion minerals were found in garnet of the eclogite. Structural formulae were calculat-
ed as given in Table 1.
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Stop 1-3 – D (Day 1). Layered Granulitic Gneiss, Former Small Quarry
Coordinates: N50°43'41.4"  E13°14'49.0"

Continue to walk along the shore of the Saidenbach reservoir in a south-easterly direction. After walking ca. 400 metre 
another natural exposure of rocks appears (actually a former small quarry before the Saidenbach dam was constructed), 
which is well recognizable even if the level of the Saidenbach reservoir is at its maximum.

the core. SHRIMP II analyses of both zircon domains at Curtin 
University, Perth WA, (for analytical conditions see Massonne 
et al., 2007) yielded the following results: A) mean of 12 core 
analyses: 278 ppm U, 187 ppm Th, 342.0 ± 2.4 (95% confidence
level) Ma and B) mean of 12 rim analyses: 71 ppm U, 24 ppm 
Th, 337.1 ±4.8 (95% confidence level) Ma. Thus, zircon from
sample E03-14 is as old as that from saidenbachite (see above). 
Interestingly, the occurrence of former K-cymrite from inclu-
sions of K-feldspar-quartz intergrowths in garnet of eclogite 
from stop 1-3C was reported by Massonne et al. (2000), but per-
haps this feature points instead to melt inclusions, as deduced 
for similar inclusions in omphacite of eclogite exposed a few 
kilometres north of the Saidenbach reservoir (stop 1-2).

The composition of phengite in the pegmatoid from 
stop 1-3C indicates crystallization pressures between 1.5 and 
1.8 GPa at temperatures between 700 °C and 750 °C (Massonne 
and Bautsch, 2004). This pressure interval also applies to the late 
matrix stage of the eclogite, at which potassic white mica and 
biotite coexist (see Fig. 21). Again, the P-T conditions of this late 
metamorphic stage are very similar to that derived for stage III 
in eclogite E99-24. In addition, the composition of the extended 
garnet core in sample E42-1d is as rich in Ca (Table 8) as that of 
eclogite E99-24. In fact, the Mg content of the garnet core (Ta-
ble 8) is lower than that of E99-24 but the Mg content (as well as 
the Mg/Fe ratio) of the bulk rock of E42-1d is also significantly
lower than that of E99-24. It is thus conceivable that eclogites 
from stops 1-3A and 1-3C and, consequently, from the entire 
northern and eastern portion of the Saidenbach reservoir and its 
vicinity have experienced a similar P-T evolution, as shown in 
Fig. 14. Furthermore, the P-T evolution of saidenbachite is simi-
lar. Thus, it is conceivable that the eclogite exposed at stop 1-3C 
was also partially molten, as was the protolith of saidenbachite. 
This idea arises from the homogeneous and similar distribution 
of garnet in both eclogite and saidenbachite from several bodies 
at and near the Saidenbach reservoir. Possibly, the granitic melts 
appearing in schlieren and pegmatoid dykes at stop 1-3C repre-
sent remaining melts of the postulated melting (and crystalliza-

tion) at UHP conditions. However, external melts, derived from 
the adjacent migmatitic country rocks, could have produced 
the whitish schlieren, as well. Contrary to the invoked melt-
ing of basic material at UHP, the carbonate (-rich?) eclogite(s) 
at stop 1-3A might not have been molten at UHP, either due to 
high CO2 partial pressures or maximum temperatures lower than 
those experienced by the eclogite type from stop 1-3C.

In addition to the different bulk-rock compositions of eclo-
gites at the Saidenbach reservoir compared to those from else-
where in the Saxonian Erzgebirge, the peak temperatures of 
the Saidenbach eclogites were significantly higher (at least
1000 °C), compared to those of other areas in the central Erzge-
birge. For the latter eclogite group, peak temperatures between 
730 °C and 840 °C and around 850 °C (see Fig. 8G) were report-
ed by Massonne (1994) and Schmädicke et al. (1992), respec-
tively. In addition, Zack and Luvizottow (2006) estimated peak 
temperatures of 850 °C at 3.5 GPa for an eclogite occurrence 
a few kilometres north of the Saidenbach reservoir. However, 
these temperature estimates are very likely too high, because 
the pressures were significantly overestimated, as demonstrated
by the new determination of metamorphic P-T conditions for 
eclogite E174c from stop 1-2 (see Fig. 8G).

The chemical bulk rock compositions of eclogites at 
stop 1-3C are somewhat variable (see the three analyses in Ta-
ble 2), despite their similar aspect in the field. Massonne and
Czambor (2007) concluded on the basis of trace-element signa-
tures that the protoliths of these eclogites were possibly within-
plate igneous rocks, similar to the eclogites at stop 1-3A (see 
above). These authors previously suggested that these rocks 
were formed by melting of crustal material in the deep mantle. 
However, if the protoliths of eclogites from the northern and 
eastern portion of the Saidenbach reservoir were once (marly) 
sediments, the relatively high bulk-rock contents of V, Cr, and 
Ni (see Table 2) would be unexpected. On the other hand, such 
relatively high contents of the transition metals could be due to 
minor interaction with mantle material during the melting and 
crystallization processes in the deep mantle.

Layered granulitic gneisses crop out at this stop (Fig. 9). 
Greenish and reddish layers represent more basic vs. more acidic 
rock compositions, respectively. All different rock types at this 
stop contain abundant up to mm-sized garnet, potassic white 
mica and biotite. Biotite tends to be a late stage phase, replacing 
potassic white mica (Fig. 22). Kyanite occurs in some layers, but 
is commonly replaced by potassic white mica (Fig. 22).

Omphacite was formerly present in the greenish layers, but 
is now entirely transformed to symplectites of plagioclase, am-
phibole, and Na-poor clinopyroxene. The same feature is also 
discernible in some reddish layers although the ratio of amphi-
bole + Na-poor clinopyroxene to plagioclase is significantly

lower compared to that in the greenish layers. This contrast is 
explained by a higher jadeite content in former clinopyroxene 
in the reddish layers compared to that in the greenish layers. Lo-
cally, in these gneisses a few, mm-thick garnet-rich layers alter-
nate with layers consisting almost exclusively of quartz, plagi-
oclase and subordinate K-feldspar.

Peak P-T conditions for the granulitic gneisses were report-
ed by Willner et al. (1997) to be as high as 2.0 GPa and 800 °C 
with no indications of higher pressure. The rocks at stop 1-3D 
might again represent eclogitized crustal material formed at 
the base of crust thickened by the Variscan orogeny. Whether 
this thickening event happened 340 Ma ago, indicated by U-Pb 
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Alternative Stop 1-3 – E (Day 1). Saidenbachite in the Forest
Coordinates: N50 43'41.8" E13 15'15.0"

Continue to walk to the east for somewhat more than 1 km along the shore of the reservoir and the pre-reservoirs until 
reaching the village of Forchheim and subsequently the national road B 101 and turn to the south-west to see immediately 
the parked vehicle and/or the manor house of Forchheim. Alternatively, walk towards the hill top and find blocks of
saidenbachite, occurring along the slope in the forest, after ca. 400 to 500 m of walking (see Fig. 9). These saidenbachite 
blocks at alternative stop 1-3E are virtually identical to those at stop 1-3B. From stop 1-3E walk downhill to return to the 
forest road along the shore of the Saidenbach reservoir to continue to the parked vehicle as described above. Afterwards, 
go back to Marienberg and stay overnight, for instance, in Hotel Weisses Ross.

This hotel is located at the margin of the historical town of Marienberg, which was founded by Duke Henry IV, the 
Pious, of Saxony in 1521 due to the discovery of silver-bearing ores in the vicinity. The old town emerged from the 
planning stage as a unique Renaissance town north of the Alps, following a rectangular plan. The portal of the town hall 
from the year 1539 is a relic from this time.

dating of zircon (Kröner and Willner, 1998), or earlier, is still 
unclear. In spite of the observed eclogitization, the rocks from 
stop 1-3D do not seem to have been more deeply buried than 
70 km (2.0 GPa), whereas other rocks in the area (see stop 1-3A 
and B) have experienced UHP conditions, explained by the 
aforementioned delamination process.

Fig. 22. Photomicrographs of metapelitic sample E42/1b 
(stop 1-3D) under crossed nicols, taken from Massonne and 
Bautsch (2004). A) Kyanite (Ky) relic marginally replaced by 
potassic white mica (Ms). Image width is 650 μm. B) Phen-
gitic muscovite (Ms) marginally replaced by biotite (Bt). Gt = 
garnet. Image width is 850 μm.
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The serpentinite itself consists mainly of lizardite and sub-
ordinate clinochrysotile and antigorite. In addition, mm-size ag-
gregates of chlorite occur, which are pseudomorphs after garnet. 
Occasionally, preserved portions of the original garnet lherzo-
lite can be found as large remnant blocks in the old part of the 
quarry. The lherzolite consists of cm-size garnet with thin kele-
phitic rims in a matrix of mm-size equigranular olivine, clinopy-
roxene, orthopyroxene, and minor amphibole. The rock fabric is 
interpreted to be the result of recrystallization after deformation 
associated with exhumation.

Representative analyses of the minerals in the garnet lher-
zolite are given in Table 9. Garnet has chemically homogeneous 
cores and thin rims with slightly lower pyrope contents com-
pared to the cores. Massonne and Bautsch (2004) assumed that 
the chemical composition of the matrix minerals and the garnet 
rim were in equilibrium and estimated P-T conditions of about 
2.6 GPa and 1000 °C. Schmädicke and Evans (1997) estimated 
higher pressures up to 3.3 GPa at temperatures somewhat below 
1000°C for the garnet peridotite at Zöblitz.

Pyroxenite layers within the peridotite body consist mainly 
of clinopyroxene and garnet and accessory rutile. Some pyrox-
enites contain up to cm-sized garnets that have been marginally 
transformed to smaller garnet crystals and equigranular clinopy-
roxene (Fig. 24). Garnet palaeocrysts and neocrysts are chemi-
cally zoned as shown in Figure 25. P-T conditions for garnet 

rims and matrix phases (Table 9; Massonne and Bautsch, 2004) 
are 1.66 GPa and 865 °C. Garnet core compositions gave much 
higher pressures of 3.9 GPa at 1100 °C (Massonne and Bautsch, 
2004). Similar P-T conditions of 3.7 GPa and close to 1100 °C 
were reported by Massonne and Grosch (1995) for another gar-
net peridotite body situated about 10 km to the east of the ser-
pentinite at Zöblitz. Another possible indication for such high 
pressures are abundant, tiny oriented ilmenite rods in the cores 
of some olivine grains in garnet lherzolite at Zöblitz (Massonne 
and Neuser, 2005). Although no quantifiable pressure signifi-
cance can be assigned to these rods, a similar exsolution feature 
reported from the Alpe Arami peridotite massif in the central 
Alps has been cited as evidence for UHP conditions (Green et 
al., 1997). Summarizing the petrological information, the exhu-
mation history of the Zöblitz ultrabasic body is similar to that 
for other ultrabasic rocks from the Saxonian Erzgebirge and the 
nearby Granulitgebirge (Fig. 1) as outlined by Massonne and 
Bautsch (2004).

Garnet lherzolite from Zöblitz is slightly depleted in light 
REE (Table 10). Garnet pyroxenites vary significantly in com-
position (Table 10). Zircon grains separated from the Zöblitz 
garnet peridotite yielded U-Pb SHRIMP ages of 332 ±5(2σ) Ma 
(Liati and Gebauer, 2009). The inclusion mineralogy and the 
REE pattern of this zircon indicate a crustal origin. Liati and 
Gebauer (2009) concluded that during exhumation the Zöblitz 

Stop 2-1 (Day 2). Garnet Peridotite at Zöblitz 
Coordinates at the gate: N50°39'26.9"  E13°14'25.5"

Go on B171 from Marienberg 
to the east to reach the village of 
Rittersberg in a few kilometres 
and cross the river Schwarze 
Pockau. In Rittersberg, continue 
heading on B171 for the town of 
Zöblitz, which is reached after 
1.5 km. In the town centre, just 
after passing the town church 
on the right hand side, turn to 
the left heading for the village 
of Sorgau. After 100 m turn into 
a small road (Angergasse, later 
Serpentinstrasse) to the right, go 
for ca. 600 m, and stop at the main gate to a large quarry (see Fig. 23), which is operated by Steinbruch Zöblitz GmbH (Tel. 
+49-37363-7256). The gate is on the left hand side; parking lots are on the right hand side of the road.

In past centuries serpentinite was quarried at Zöblitz as facing stone, for instance, in the interior of churches and palaces. 
In addition, drinking vessels and dinnerware were produced from the soft but tough serpentinite by turnery from the time 
of the late Renaissance. Today, the main purpose of the active quarry at the margin of Zöblitz is to produce macadam. 
Meanwhile, the serpentinite body at Zöblitz, which extends for ca. 3 km in an E-W direction (Fig. 23), is exploited near 
the town and for this reason, the quarry was extended to the east. Because of the active quarrying operations, it is uncertain 
as to which rock types will be visible in the active mining area. For this reason, two stops will be made in the old portion 
of the quarry near the margin of the serpentinite body. After passing through the gate turn to the left and walk to the low 
level of the quarry to reach the first stop. Close to the gravel dumps, there is relatively fresh garnet lherzolite in the quarry
wall. The second stop will be on the opposite side of the quarry, where layers of garnet pyroxenite are exposed. This site 
is reached by walking to the NNE across the lower quarry level.

 Fig. 23. Simplified geological map of the serpentinite body at the town of Zöblitz,
GEU of the Saxonian Erzgebirge. This map is based on mapping by Hazard (1884).
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Fig. 24. Photomicrograph of garnet (Gt) in clinopyroxenite sample 18270 from stop 2-1 under plain polarized light (A) and crossed 
polarizers (B), taken from Massonne and Bautsch (2004). The matrix minerals probably recrystallized after deformation, associated 
with exhumation, but large garnet palaeocrysts remained. Image width is 4 mm. Cpx = clinopyroxene.

Erz03-6d 18270
Garnet Orthopyroxene Clinopyroxene Olivine Garnet Clinopyroxene

core rim rim core rim core rim
1 6 15 20 36 40 14 140 35 136

SiO2 42.31 42.26 57.90 54.77 54.39 40.91 39.91 40.35 53.64 51.10
TiO2 0.66 0.63 0.14 0.41 0.44 0.02 0.57 0.25 0.48 1.03
Al2O3 21.92 21.83 0.98 3.72 3.47 0.00 21.97 22.72 5.45 8.61
V2O3 0.03 0.03 0.00 0.05 0.07 0.00 0.08 0.05 0.10 0.12
Cr2O3 1.60 1.67 0.14 0.92 0.85 0.00 0.01 0.05 0.32 0.04
FeOtot 9.00 10.06 6.49 2.81 2.58 10.15 14.72 15.91 4.79 3.50
MnO 0.33 0.41 0.11 0.07 0.06 0.09 0.27 0.30 0.02 0.00
MgO 21.31 20.47 34.96 15.62 15.69 49.14 9.19 10.35 13.25 12.93
NiO 0.00 0.00 0.06 0.01 0.02 0.37 0.00 0.00 0.00 0.00
CaO 4.26 4.47 0.39 19.61 20.49 0.00 14.81 11.48 20.16 20.40
Na2O 0.08 0.08 0.08 2.53 2.19 0.05 0.05 2.74 2.39
K2O 0.01 0.00 0.00 0.00 0.01 0.01
Total 101.52 101.91 101.27 100.53 100.24 100.70 101.61 101.50 100.97 100.13

Si 5.925 5.928 3.941 3.918 3.908 0.9975 5.855 5.918 3.851 3.704
AlIV 0.059 0.082 0.092 0.149 0.296
Ti 0.070 0.066 0.007 0.022 0.024 0.0003 0.063 0.028 0.026 0.056
AlVI 3.618 3.609 0.020 0.231 0.202 0.0000 3.799 3.927 0.312 0.440
Cr 0.177 0.186 0.008 0.052 0.048 0.0001 0.001 0.006 0.018 0.002
V 0.003 0.004 0.000 0.003 0.004 0.0001 0.009 0.006 0.006 0.007
Fe3+ 0.202 0.202 0.0044 0.191 0.061
Mg 4.447 4.000 3.547 1.665 1.680 1.7859 2.009 2.262 1.418 1.397
Mn 0.039 0.048 0.006 0.004 0.004 0.0019 0.033 0.038 0.001 0.000
Fe2+ 0.853 0.979 0.370 0.168 0.155 0.2027 1.616 1.891 0.288 0.212
Ni 0.000 0.000 0.004 0.001 0.001 0.0072 0.000 0.000 0.000 0.000
Ca 0.640 0.672 0.028 0.001 0.001 0.0000 2.328 1.804 1.550 1.584
Na 0.022 0.021 0.011 0.350 0.305 0.014 0.006 0.382 0.335
K 0.001 0.000 0.000 0.000 0.001 0.001

Tab. 9. Electron microprobe analyses (in wt.%) of minerals from serpentinized garnet lherzolite, Erz03-6d, and garnet-rich clinopy-
roxenite, 18270, of the serpentinite body at the town of Zöblitz (stop 2-1) taken from Massonne and Bautsch (2004). Structural for-
mulae were calculated as follows: garnet: O = 12, six- and eightfold coordinated cations = 10; orthopyroxene and clinopyroxene: 
O = 12, Fe = Fe2+; olivine: O = 4
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Fig. 25. Concentration maps of Ca and Mg in garnet, marginally recrystallized to garnet + clinopyroxene, in sample 18270 from 
stop 2-1. The colour scale shows increasing element concentrations towards the top. Scale bars represent 500 μm.

Garnet clinopyroxenite Serpentinite
Sample E2b 18270 E00-7B E3b
SiO2 in 
wt.%  46.17  40.70  42.20  39.26

TiO2  0.45  1.00  1.30  0.08
Al2O3  14.76  18.10  17.88  2.04
FeO  8.11  12.51  12.64  7.04
CaO  9.16  12.40  13.60  0.68
MgO  17.72  10.70  8.26  37.96
MnO  0.21  0.23  0.21  0.11
K2O  0.06  0.01  0.46  0.00
Na2O  0.85  0.17  1.08  0.00
P2O5  0.02  0.04  0.08  0.00
H2Otot  1.41  1.52  1.37  11.63
CO2  0.08  0.16  0.15  0.31
Sum  99.00  97.54  99.23  99.11

Li in ppm  20.3  90.4  68.3  0.35
Sc  40.9  76.6  71.4  11.1
V  220  402  465  51
Cr  683  112  261  2501
Ni  576  119  128  2350
Cu  86.2  12.5  50.5  18.6
Zn  21  80  92  50
Ga  12.2  15.2  17.2  1.69
Rb  3.79  0.86  13.3  0.00
Sr  74.4  54.3  213  4.00

Garnet clinopyroxenite Serpentinite
Sample E2b 18270 E00-7B E3b
Y  13.1  22.7  25.8  1.77
Zr  33  49  42  6
Nb  0.43  17.5  1.42  0.02
Sn  0.39  2.88  1.14  0.00
Ba  15.6  12.3  118  2.58
La  1.40  3.95  1.44  0.18
Ce  4.54  10.27  5.63  0.55
Pr  0.77  1.77  1.38  0.10
Nd  3.71  11.07  10.20  0.49
Sm  1.11  5.59  4.84  0.18
Eu  0.46  1.53  1.38  0.06
Gd  1.53  6.13  4.65  0.24
Tb  0.33  0.74  0.66  0.05
Dy  2.31  3.98  4.69  0.31
Ho  0.54  0.80  0.91  0.07
Er  1.71  2.57  2.02  0.21
Tm  0.25  0.31  0.33  0.03
Yb  1.57  2.31  2.42  0.20
Lu  0.25  0.31  0.34  0.03
Hf/Zr  0.033  0.032  0.050  0.026
Ta  1.26  1.33  0.10  0.00
Pb  0.42  2.96  37.1  1.71
Th  0.29  1.23  0.00  0.00
U  0.06  0.72  0.16  0.03

Tab. 10. XRF and ICP-MS (numbers in italics) analyses of ultrabasic rocks from the serpentinite body at Zöblitz, GEU of the Saxo-
nian Erzgebirge, given by Massonne and Bautsch (2004).
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Stop 2-2 (Day 2). Eclogite at Siebensäure 
Coordinates: N50°28'37.1"  E12°56'18.7"

From the serpentinite quarry go back to Marienberg and continue via federal road B171 to the town of Wolkenstein to 
meet with federal road B101. Follow this road to the town of Annaberg-Buchholz. At the southern town exit leave B101 
heading for the villages of Cranzahl and Neudorf. In the centre of Neudorf turn to the right into a small paved road, just 
before crossing the railroad tracks of the operating museum train, heading for the Forsthaus (forester's house) at the site 
Siebensäure. Pass the Forsthaus and stop on a parking lot for hikers. Walk for about 500 m in westerly direction and then 
move into the forest where cliffs expose eclogite and country rock (see Fig. 26).

ultrabasic body interacted with melts, which originated in the 
adjacent felsic gneisses. Perhaps the aforementioned delamina-
tion process, which involved crustal material and produced the 

saidenbachitic melts, could also be responsible for the crustal 
zircons found by Liati and Gebauer (2009) in the Zöblitz ultra-
basic body.

The cliffs in the forest nearest to the road are orthogneisses, 
whereas those further north consist of eclogite, which is ei-
ther a single, elongated lens or, as shown on the map (Fig. 26), 
a number of smaller lenses. These lenses are situated in the 
MEU only a few kilometres west of the boundary with the GEU 
(Fig. 2). The eclogite here is foliated and fine-grained. Strong-
ly deformed portions contain mm-sized garnet embedded in a 
matrix of small oriented crystals, mainly of epidote and amphi-
bole (Fig. 27A). In coarser-grained portions, cm-scale portions 
an earlier fabric is preserved, in which mm-sized garnet and 
omphacite occur with relatively large phengite grains (Fig. 27B). 
Epidote and amphibole are also present in the coarser-grained 
portions, where amphibole appears to replace omphacite.

Omphacite and garnet in the non-foliated rock portions of 
eclogite 18342 are strongly chemically zoned (Fig. 28, Table 11). 
The latter mineral, independent of its occurrence in deformed 
and non-deformed domains, shows prograde zoning with signif-
icantly decreasing Mn and increasing Mg contents from core to 

Fig. 26. Simplified geological map showing the occurrence of
eclogite bodies in an area of the MEU in the Saxonian Erzge-
birge a few kilometres west of the village of Neudorf, which 
is located south of the town of Annaberg-Buchholz. These 
bodies are shown as mapped by Sauer (1884).

Fig. 27. Photomicrographs of eclogite sample 18342, taken 
from a cliff west of the forester’s house at the Siebensäure 
site (stop 2-2). Image widths are 4 mm each. (A) Large garnet, 
seen under crossed polarizers, in a foliated matrix consisting 
mainly of amphibole and clinozoisite. The many inclusions in 
garnet are mainly quartz and rutile. (B) A preserved portion 
of palaeocrysts, especially of omphacite, under crossed 
polarizers. The dirty rims of omphacite are due to a late 
replacement by fine-grained symplectites of amphibole +
plagioclase.
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rim. Phengite in non-foliated domains has Si contents between 
3.3 and 3.5 pfu (see Table 11) and exhibits gradational zoning.

On the basis of a calculated P-T pseudosection for eclogite 
18342, a P-T path was deduced for the prograde metamorphic 
evolution (Massonne, 2011b; Fig. 29) that is similar to that sug-

gested by Massonne and Bautsch (2004). These authors esti-
mated 2.4 GPa and 500 °C for an early metamorphic stage and 
2.6 GPa and 650 °C for the peak stage. In a similar way, Mas-
sonne and Kopp (2005) derived a nearly identical P-T path for 
an eclogite from the cliffs of the Stümpelfelsen, ca. 5 km SE of 
stop 2-2. All three prograde P-T paths typically show nearly iso-
baric heating at 2.6 ± 0.2 GPa, reaching maximum temperatures 
between 650 °C and 720 °C. Such P-T conditions are slightly 
higher than those proposed by Schmädicke et al. (2002) for ec-
logites from the western Erzgebirge.

The retrograde path is characterized by cooling within the 
eclogite facies P-T field (see Fig.29). During the retrograde evo-
lution and possible beginning at peak temperature conditions 
either porphyroblasts (Stümpelfelsen eclogite; Massonne and 
Kopp, 2005) or fine-grained, oriented epidote and barroisitic am-
phibole (Table 11) formed. Paragonite (Table 11) is a late phase 
(Massonne and Kopp, 2005) that possibly grew at the expense 
of amphibole. Eclogite of stop 2-2 has a MORB-type chemical 
composition (Table 2) virtually identical to that of the Stüm-
pelfelsen eclogite, where Massonne and Kopp (2005) found talc. 
Although this phase was likely present in the early prograde evo-
lution stage of eclogite of stop 2-2, the absence of talc may be 
due to pervasive deformation during the retrograde evolution.

The mineralogical evolution of eclogite during its prograde 
and retrograde P-T path is the result of (1) a subduction of oce-

 Mineral garnet garnet omphacite omphacite phengite phengite paragonite amphibole epidote epidote
inner core outer rim core rim core rim early blast

 Anal. No. 230402 230414 230429 230435 2304112 2304102 2304114 230437 230440 230420
 SiO2 37.93 39.32 55.93 56.65 52.97 51.04 47.61 51.36 38.71 39.21
 TiO2 0.13 0.02 0.02 0.03 0.22 0.24 0.09 0.10 0.12 0.04
 Al2O3 20.86 22.12 9.29 10.37 25.86 27.85 38.92 9.59 28.89 31.63
 Cr2O3 0.04 0.04 0.02 0.01 0.00 0.00 0.00 0.01 0.06 0.05
 FeOtot 26.08 22.88 6.09 3.253 1.38 1.72 0.37 11.15 5.72 1.87
 MnO 4.46 0.25 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.03
 MgO 3.66 8.24 8.57 9.62 4.66 3.77 0.33 13.57 0.12 0.04
 CaO 8.42 8.67 13.63 14.36 0.01 0.03 0.21 7.66 23.88 24.42
 Na2O 0.03 0.00 7.15 6.69 0.53 0.88 6.93 4.36 0.02 0.00
 K2O 0.00 0.01 10.73 10.40 1.17 0.13
 BaO 0.16 0.12 0.02 0.00
 Total 101.63 101.53 100.69 100.99 96.52 96.05 95.63 98.04 97.52 97.30

 Si 5.857 5.868 1.976 1.982 6.949 6.752 6.061 7.227 2.993 3.005
 Ti 0.015 0.002 0.000 0.001 0.022 0.024 0.008 0.010 0.007 0.002
 Al 3.797 3.890 0.387 0.428 3.998 4.342 5.839 1.590 2.632 2.858
 Cr 0.004 0.004 0.001 0.000 0.000 0.000 0.000 0.002 0.004 0.003
 Fe 3.368 2.855 0.180 0.095 0.151 0.190 0.039 1.312 0.370 0.120
 Mn 0.584 0.031 0.000 0.000 0.000 0.000 0.000 0.013 0.000 0.002
 Mg 0.844 1.834 0.451 0.502 0.910 0.744 0.062 2.846 0.014 0.005
 Ca 1.394 1.386 0.516 0.538 0.002 0.004 0.028 1.155 1.978 2.006
 Na 0.010 0.000 0.490 0.454 0.136 0.227 1.710 1.189 0.003 0.000
 K 0.000 0.001 1.796 1.755 0.190 0.023
 Ba 0.008 0.006 0.001 0.000

Tab. 11. Analyses with the wave-length dispersive systems of a CAMECA SX100 electron microprobe (in wt.%) of minerals in ec-
logite sample 18342 (previously called E22h) from stop 2-2. Structural formulae were calculated as given in Table 1 and as follows: 
epidote - 25 valencies. Contents of F were below the detection limit.

Fig. 28. Analyses of garnet in eclogite sample 18342 (stop 2-2) 
in terms of molar fractions of pyrope, grossular and spessar-
tine components, taken from Massonne (2011b). Trend lines 
show the compositional change from core to rim of garnet.
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Walk back to the parking lot near the forester’s house and go back to Neudorf. Turn to the right when meeting with the 
main road. After 5 km turn to the right and follow national route B95 to the ski resort of Oberwiesenthal. South of this 
village, cross the border to the Czech Republic.

anic crust (see MORB signature of eclogites from the MEU; 
Massonne and Czambor, 2007), (2) lateral mass flow towards
the hot wall of the subduction channel (isobaric heating), and 
(3) exhumation within the subduction channel. The hydrous flu-
id necessary to transform omphacite to clinozoisite and amphib-
ole during exhumation could have originated by dehydration of 

the oceanic crust (garnet formation) in the downgoing portion 
of this crust close to the subduction channel (Massonne, 2011b).

The above P-T path and scenario for eclogite of the western 
Erzgebirge (Massonne and Kopp, 2005; Massonne, 2011b) and 
associated lenses of marbles (Gross et al., 2008) are clearly dif-
ferent from those of the Saidenbach eclogites, as outlined above. 
As previously recognized by Massonne (2004), rocks from two 
different (near)UHP environments exist, which are also exposed 
in the Saxonian Erzgebirge.

The country rocks, in which the eclogite of stop 2-2 is em-
bedded, can be seen by walking to the nearby Zschopau creek 
(see map of Fig. 26), where pebbles mainly of mica-schist with 
mm-sized garnets occur. This phengite-rich rock commonly 
contains chloritoid. Rötzler et al. (1998) estimated for the mica-
schist pressures of 12 kbar and more and temperatures around 
525°C for the pressure climax, and 8 kbar and 560 °C for the 
subsequent temperature peak (Fig. 29). These P-T results dif-
fer significantly from those derived for the adjacent eclogites.
Willner et al. (2000, 2002) explained this pressure contrast by 
a model involving rapid exhumation of high-pressure rocks 
from the root zone of a collisional orogen. It remains unknown 
whether the low-temperature eclogites of the western Erzge-
birge were metamorphosed at the same time as those of the cen-
tral Erzgebirge. Schmädicke et al. (1995) determined ages as 
old as 355 Ma for eclogites from the western Erzgebirge and 
40Ar/39Ar ages older than 340 Ma were reported by Werner and 
Lippolt (2000).

Granite-like segregations at the contact between eclogite 
and country rock are another interesting feature in the outcrop 
of stop 2-2. The composition of this granitoid is characterized 
by high Na2O (>10 wt.%, see Massonne and Bautsch, 2004) and, 
thus, high plagioclase contents. The reason for the formation 
of these melts remains unclear. One possibility is shear-heating 
when eclogite and metapelite were tectonically juxtaposed (see 
also Fig. 29).

Fig. 29. P-T evolution of HP rocks from the MEU of the west-
ern Erzgebirge. The P-T conditions of the solid paths were de-
rived from eclogite (Massonne, 2011b; see also text) and sur-
rounding metasediments (Rötzler et al., 1998). Broken lines 
refer to not well-constrained exhumation paths. According to 
Massonne (2011b), exhumation either occurred in a subduc-
tion channel or was mainly due to surface erosion of a rather 
mountainous area, after continent-continent collision. The lat-
ter process led to exhumation rates in the mm-range.
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The Krušné Hory complex is formed by upper Proterozoic basement (the Saxothuringian parautochthon) and an overlying 
nappe stack (lower, middle, and upper nappes) with decreasing grade of metamorphism from bottom to top (Willner 
et al., 1997; Cháb et al., 2008). The parautochthon is exposed in several dome-like structures and consists of gneisses 
and migmatites with lenses of amphibolites. The St. Kateřina dome, in the Czech part of the Erzgebirge (Mlčoch and 
Schulmann, 1992), is formed by orthogneisses derived from an early Ordovician granite (Košler et al. 2004). They show 
medium-pressure amphibolite facies conditions with no signs of eclogite facies metamorphism (Konopásek, 1998). 

The lower nappe is formed by gneisses with HP-UHP rocks (Schmädicke et al., 1992; Mingram, 1998; Rötzler et al., 
1998; Willner et al., 1997; Gross 2008). In addition to coesite- and microdiamond-bearing gneisses, they contain lenses 
and boudins of eclogites and garnet and spinel peridotites. Age dating on zircon yielded 480 Ma for the igneous protholith 
of orthogneisses and 340 Ma for their metamorphism (Kröner and Willner, 1998; Massonne, 2007). Ages between 333 
and 360 Ma for the thermal peak of metamorphism for HT eclogites and garnet peridotite were obtained from Sm-Nd 
mineral and whole-rock isochrons (Schmädicke et al., 1995).

The middle nappe (Fig. 1) is represented by micaschists, gneisses, and lower Ordovician metarhyolite and metagranite 
(Mingram, 1998; Rötzler et al., 1998; Tichomirova et al., 2001). It contains lenses of eclogites, quartzites, and calc-silicate 
rocks. In the Czech part, orthogneisses with lenses of eclogites, quartzites and some calc-silicate rocks are present at the 
top of the middle nappe, above the micaschists. An early Ordovician protolith age for the orthogneisses was obtained by 
Košler et al. (2004). The micaschists also show HP-MT conditions (Konopásek, 1998; 2001).

The upper nappe is formed by lower-grade metasediments with volcanic material of Ordovician-Silurian age that 
are intruded by Variscan granite. The phyllitic rocks, which may contain garnet, are characterized by the presence of 
retrogressed blueschists, greenschists, quartzites, marbles, and calc-silicates. Relics of blueschist facies phases include 
crossite with epidote and albite (Holub and Souček, 1984). 

Fig. 1. Simplified geological map of the Krušné Hory Mountains (Erzgebirge), after Cháb et al. ( 2008).
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Alterrnatively, Konopásek et al. (2001) pro-
pose that metamorphic grade increases from 
bottom to top in the nappe stack. Based on the 
position of granulite at the Ohra River on the 
Czech side, they propose that the high-grade rocks 
over-lie the medium grade (lower crystalline 
nappe, Fig. 2), and the blueschist facies phyllites 
are interpreted as part of the parautochthonous 
unit. 

Stop 2-3 (Day 2). Eclogite, Meluzína
Coordinate N50°23'25.3"  E13°00'21.9"

The Meluzína hill is a huge natural exposure of eclogite that 
forms an E–W elongated lens several kilometres in length and up 
to 250 m thick (Fig. 2). The strongly foliated, eclogite facies fab-
rics were formed by two deformation events, D1 and D2, which 
are both defined as syn-eclogitic (Klápová et al., 1998). In spite
of two post-eclogitic deformations, D3 and D4, the eclogite is 
fresh and exhibits a well-developed foliation, S1, containing 
stretching and mineral lineations, L1 (Fig. 3). S1 is formed by the 
planar arrangement of platy minerals such as paragonite, phen-
gite, and omphacite. A mineralogical layering characterised by al-
ternations of garnet-rich and garnet-poor/omphacite-rich bands is 
also present. The late set (D3 and D4) of structures was developed 
under brittle-ductile conditions. These structures are represented 
mainly by asymmetrical intrafoliation boudinage, shear bands, 
and brittle cracks, which are filled by Qtz with Rt and Amp.

The eclogites have MORB composition (Klápová, 1990). 
U-Pb SHRIMP dating of 490 ±14 Ma on zircon and single-zir-
con U-Pb dating of 342.5 ±1.6 Ma are taken to be the ages of 
protolith and high-pressure metamorphism, respectively (von 
Quadt and Gebauer, 1998). 

Based on their textures and mineral compositions, the 
Krušné hory eclogites can be subdivided into three types. The 
most frequent, dark-coloured, fine-grained type (type 1) has a
layered structure, in which garnet-omphacite layers alternate 
with amphibole-rich layers. The garnet-omphacite layers may 
contain quartz, rarely also amphibole, paragonite, phengite, and 
epidote. Light-coloured, more coarse-grained eclogite (type 2) 
contains white lenses or discontinuous bands of epidote, sev-

eral millimetres thick. It may also contain talc. Both types (1) 
and (2) show strong foliation, and there is a gradual transition 
between these two types. The last type (3) is unfoliated eclogite 
with a regular distribution of garnet and omphacite. It may con-
tain eclogite facies carbonate minerals (Klápová, 1990).

 Fig. 2. Geological map of the central part of the 
Krušné hory Mts.; eclogite occurrences shown 
in black (Klápová et al. 1998; Konopásek et al. 
2001). Numbers 2-3 and 2-4 are locations of 
excursion stops.

Fig. 3. Three-dimensional sketch of planar and linear struc-
tures in mafic eclogites at the Meluzína locality, central
Erzgebirge (Klápová et al. 1998).
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Omphacite comprises 30 to 50 vol% of eclogite and gener-
ally forms elongated crystals that follow foliation of the rock 
(Fig. 4a). Jadeite content mostly varies from 35 to 52 %. Gar-

net amounts to between 15 and 50 vol% and forms idioblastic 
crystals up to 2.5 mm in diameter. Garnet grains exhibit cloud-
ed, inclusion-rich cores and wide, euhedral, inclusion-free rims 

Fig. 4. Photomicrographs of textural varieties of eclogite from Meluzina hill (Krušné Hory complex). a and b- garnet in finegrined
matrix with omphacite, paragonite and zoisite. c- paragonite rimmed by symplectites of albite + chlorite. d-barroisitic amphibole 
overgrowing eclogite facies minerals.

Fig. 5. Profile (rim to rim) of garnet showing compositional zoning in eclogite.
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Stop 2-4 (Day 2). Eclogite, Měděnec
Coordinate N50°25'10.7"  E13°06'38.8"

(Fig. 4b). They show prograde compositional zoning with an in-
crease of Mg/Fe from cores to rims (Fig. 5). Paragonite is partly 
replaced by a symplectite of albite and chlorite (Fig. 4c). Am-
phibole ranges from 5 to 20 vol%, and it overgrows the eclogite 
facies foliation and minerals (Fig. 4d). Chemically, amphibole 
corresponds to barroisite and winchite. Epidote forms colourless, 
subhedral to euhedral, prismatic, frequently corroded crystals up 
to 5 mm in size. Its modal content varies between 5 and 10% in 
the light eclogite type.

Metamorphic PT conditions

Temperatures and pressures estimated using the garnet-clinopy-
roxene Fe-Mg exchange thermometer (Ellis and Green, 1979; 
Ravna, 2000) and garnet-omphacite-phengite barometer (Ravna 
and Terry, 2004) are 600–650 °C and 2.5–2.6 GPa. Similar pres-
sures were also obtained for eclogites by Klápová et al. (1998) 
and for micaschists by Konopásek (2001).

At the locality near Měděnec Village (Fig. 2) , we will examine 
eclogite with a discrete zone that contains atoll garnet formed 
under eclogite facies conditions. Atoll garnets occur in several 
localities, but their relations to eclogites lacking atoll garnet are 
not always clear (Faryad et al., 2010). The presence of atoll gar-
net is not restricted to a specific rock type but occurs in a vari-
ety of metabasites, including quartz-rich types, which probably 
represent a mixture of mafic rocks and sediments. The eclogite
consists of omphacite, garnet, quartz, and small amounts of ru-
tile, amphibole, and albite ± phengite. When different size varie-
ties are compared, it is found that atoll garnets occur mostly in 
the fine-grained varieties (see Fig. 7a). The atoll garnets con-
sist of a garnet annulus surrounding quartz and/or amphibole. If 
the atolls are occupied by quartz, their interfaces are sharp and 
regular (Fig. 7b) and correlate with crystallographic planes of 
garnet. On the other hand, where amphibole overgrows the atoll, 
boundaries with the garnet ring are irregular.

Backscattered electron images and compositional profiles
(Figs. 8) from whole garnet grains demonstrate that garnet cores 
(garnet I) and rims (garnet II) have different compositions. The 
core I, with idiomorphic outlines, has a higher Ca content and 
lower Fe content compared with its rim (II (Fig. 8a1). Garnet I 
shows prograde zoning with a decrease of Mn towards the rim. 
Figure 8b shows a whole garnet with a dark, Ca-rich core and 
a peninsula connected to the rim. The peninsula and the rim 
have similar image contrast and, hence, similar compositions 
(Fig. 8b1). 

Figure 9a shows that the dark, low-Fe zone of garnet has 
microveins with a similar image contrast to that of the outer-
most rim of the garnet. These microveins connect garnet core 
I with the rim, but the core garnet shows a strong composition-
al gradient at the points of contact between sub-grains with Fe 
content. Compositional zoning of sub-grains and microveins in 
garnet I change by substitution of Fe and Mg, while Ca remains 
almost constant in garnet. Compared with the narrow white 
veins in the dark rim, sub-grains in the core are separated by 
wide grey zones and channels with larger Mg contents. 

Formation of the atoll garnet is interpreted as resulting 
from fluid infiltration and element exchange between the garnet
core and matrix, a process that was facilitated by temperature 
increase during eclogite facies metamorphism up to 600 °C/
2.4 GPa (Fig. 10). In addition to fluid access, the primary tex-
tures, mainly grain size, were also effective for the atoll garnet 
formation. Small grain fractions with thin rims were easily in-
filtrated by fluid, which used the short distance for element ex-
change between core and matrix. The core garnet was gradually 
dissolved and replaced by new garnet having the same crystallo-
graphic orientation as the rim or relicts in the core.

If we assume equilibrium of the garnet rim with matrix om-
phacite, these results suggest that garnet growth continued af-
ter the peak of metamorphism, at least in a rock of effectively 
constant bulk composition. The fact that substantial growth of 
garnet II happened at a late stage is presumably related to the 
modification of the local reactive bulk compositions caused by

Fig. 6. Estimated PT conditions for Variscan eclogite (E) in the Krušné Hory Complex (E2 after Klápová et al. 1998). P indicates PT 
conditions of Pre-Variscan metamorphic event obtained for the parautochthonous metapelitic rocks (Konopásek 1998).
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Fig. 7. Photomicrographs (crossed polarizers) of atoll garnet from eclogite with phengite and amphibole. (a) Contact between two 
layers with coarse-grained whole and fine-grained atoll garnets; the layers are parallel to foliation in the rock. (b) Present atoll rims 
with island cores separated by quartz, reflecting crystallographic control of garnet. (c) indicates an omphacite inclusion in the atoll
core. (d) Amphibole crystal surrounding the atoll garnets has the same optical orientation as amphibole inside the atoll garnet.

the fluid-assisted enlargement of diffusion domains to include
previously inaccessible garnet cores.

The common occurrence of Na-Ca amphibole of barroisite 
composition in the matrix with inclusions of omphacite and gar-
net in eclogites is good evidence for both pressure and tempera-
ture decrease during exhumation of the rocks. The retrograde P-T 
path crossing the amphibole eclogite/blueschist facies bound-
ary was probably one of the reasons for preservation of eclogite 
facies minerals and textures in the Krušne Hory eclogite.

Fig. 8. BSE images and compositional profiles from quartz
eclogite (Faryad et al. 2010). Images (a) and (b) show whole 
garnets with idiomorphic cores (dark, garnet I) along with 
compositional profiles (a1 and b1). The dotted lines above
the pyrope profiles in a1–and b1 indicate XMg = Mg/(Mg+Fe) 
ratios in garnet. Note that there is a peninsula in the cores of 
(b) that has similar image contrast and compositions to that of 
the garnet rim II. The y axis in the compositional profiles rep-
resents the fractional garnet end-member compositions.
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Fig. 10. Inferred P-T conditions of atoll garnet in eclogites 
from the Krušne Hory Complex (Faryad et al. 2010), based 
on garnet/clinopyroxene thermometry (Ravna 2000; Ai 1994). 
Maximum pressure conditions are based on data (garnet-
omphacite-phengite thermobarometry) from Klápová et al. 
(1998) and Massonne and Kopp (2005). The P-T path (grey 
line) is after Massonne and Kopp (2005). Numbers 1–3 cor-
respond to the core (I, 1), the thin zone between the core and 
rim (2), and the rim or ring (II, 3) of atoll garnet formation 
(see Fig. 8). Metamorphic facies fields are after Okamoto and
Maruyama (1999): BS, blueschist; Law-Ec, lawsonite eclog-
ite; Ep-Ec, epidote eclogite; Amp-Ec, amphibole eclogite.

Fig. 9. BSE image and compositional profiles of garnet showing microveins, possibly related to fluid infiltration along narrow chan-
nels (veins) at? from? the rim of the garnet (a). The y axis in the compositional profiles (a1) represents the fractional garnet end-
member compositions.

Fig. 11. Tectonic model and nappe succession of the HP/
UHP unit in the Saxothuringian zone after O’Brien 1990; 
Konopásek and Schulmann 2005. The high-grade units are 
overthrust by low-grade units.

Tectonic interpretation of the Krušné 
Hory eclogite

It is generally agreed that Krušné Hory HP/UHP rocks formed 
during subduction of the Saxothuringian oceanic basin and ad-
jacent crustal units beneath Tepla-Barrandia (Bohemia) and 
Moldanubia (Fig. 11). A Chemenda et al. (1995)-type model has 
been widely invoked for exhumation of these rocks. Regarding 
the present position of granulites and UHP rocks in the Erzge-
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birge, this high-grade unit is interpreted as occurring at the 
bottom of the nappe succession (O’Brien, 2000; Willner et al., 
2004 etc.), but an opposite arrangement with an increase of 
metamorphic conditions from bottom to top has been proposed 
by Konopásek and Schulman (2005).
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