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Summary

The northwest-striking Pfahl zone, Bavarian Forest, is a mylonitic shear zone that is
associated with brittle-ductile deformation fabrics and a conspicuous hydrothermal
quartz mineralization. Two granites from this shear zone yield U–Pb and Pb–Pb
evaporation ages between 321–329 Ma and two granodiorites give concordant
238U–206Pb and 235U–207Pb ages of 325 � 3 Ma and 326� 3 Ma, respectively. Zircon
populations of the granitoids show sub-types clustering around S20, S10 (granite) and
S22 to S24 (granodiorite) testifying different magma affinity. Compositional and isotopic
characteristics indicate that the granites and granodiorites were coeval melts, but not
differentiates of a single parent magma. The granodiorites were derived from a source
with higher time-integrated 87Rb=86Sr and lower 147Sm=144Nd ratios than the granites.
One granite body is transected by the shear zone but the main mass of the granite is
largely undeformed. This finding suggests that granite intrusion predates the final stage
of ductile deformation along the Pfahl shear zone.

Introduction and geological problem

The Pfahl zone is a late Variscan shear zone in the Moldanubian terrane that forms
a major structural feature in the western part of the Bohemian Massif. It has
attracted geologists for more than a century, because this zone hosts huge amounts
of hydrothermal quartz (e.g. Ochotzky and Sandk€uuhler, 1914; Hofmann, 1962;
Peucker-Ehrenbrink and Behr, 1993) and, given its resistance to weathering, the



quartz forms spectacular cliffs. However, accurate dating of the time and
duration of shear activity, deformation and quartz mineralization has been elusive.
Recently, zircons from deformed magmatic rocks of intermediate composition
(palites of the older literature, Frentzel, 1911) have been dated by the U–Pb isotope
dilution and Pb–Pb evaporation methods (Siebel et al., 2005). These rocks which
crop out along the southwestern side of the Pfahl zone, gave ages of 334� 3 Ma,
334.5� 1.1 Ma (average 207Pb=206Pb-evaporation ages) and 327–342 Ma (range
of U–Pb ages), and this time interval was interpreted as an upper age limit of
shear zone activity. In the same study, sheared dikes, which cut the palites, were
dated by the U–Pb method at 326–331 Ma. The dikes locally have mylonitic
fabrics and their ages place an upper limit for this ductile deformation event.
The time of hydrothermal activity is constrained by Rb–Sr dating of pure and
acid-leached quartz, for which an age of 247� 21 Ma was determined (Horn
et al., 1986).

The Pfahl zone also played a major role in localizing multiple granitoid intru-
sions. The granites are largely undeformed and, so far, have not been investigated
in detail. Given the fact that the granites intruded the Pfahl zone, their age can
provide further time constraints on the shear zone activity. In this study, we have
investigated two granite bodies and associated granodiorites of the Pfahl zone.
Zircon geochronological work is complemented by zircon typological studies,
geochemical and Sr–Nd isotope analyses. Emphasis is also placed on the genetic
relation between the granodiorites and granites.

Field description and petrography

The two investigated granite bodies occur in the central segment of the Bavarian
Pfahl near the town of Regen (Fig. 1). One of them, hereafter referred to as the
Rinchnach granite, closely bounds the northeast side of the Pfahl zone and crops
out opposite to the zone of palites and foliated granitoids. In contrast to the palites
the Rinchnach granite is largely undeformed. Another undeformed granite body
occurs 20 km further to the northwest. This granite, termed Patersdorf granite,
occupies both sides of the Pfahl zone. The mylonitic shear zone cuts the granite
into two parts. Within the granite, the shear zone is narrower (less than 500 m) than
elsewhere in the Pfahl zone (Ott, 1983). The localization of deformation into a
central zone is consistent with emplacement of the Patersdorf granite after the
major stage of penetrative shear deformation along the Pfahl zone.

Both granites host several active quarries where macroscopically fresh samples
are available. In the Wildtier quarry (for location see Fig. 1), the granite is in
contact with two dark facies of biotite-granodiorite, a fine- to medium-grained
variety and a coarse-grained variety. This quarry which provides excellent expo-
sure of the contacts between the intrusions shows that the coarse-grained grano-
diorite facies intruded the fine-grained facies. The granodiorites are part of a larger
body that can be traced for several km towards northwest (Ott, 1983 and Fig. 1).
The granodiorites are generally massive, but locally they are deformed and have a
magmatic=tectonic foliation. This fabric appears to be directly related to the
emplacement of the pluton in an existing and active fault zone. Outcrop relation-
ships within the Wildtier quarry further indicate that both types of granodiorites
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predated the granites. Material which macroscopically resemble the granodiorites
occur in nodules or rafts as microgranular enclaves within the Patersdorf granite.

The granodiorites consist of quartz, K-feldspar, plagioclase (oligoclase-ande-
sine) and biotite. The coarse-grained granodiorite contains isolated large K-feld-
spar porphyrocrysts (3–5 cm long) for which recently a Rb–Sr single crystal age of
308� 5 Ma was obtained (Siebel et al., unpublished data). Accessory primary
phases include zircon, apatite, titanite and opaques. The Rinchnach and Patersdorf
granites possess textural and mineralogical similarities. Both granites have fine-
grained equigranular textures. Their modal composition is remarkably constant and
they are composed of quartz, K-feldspar, plagioclase, typically oligoclase, and bio-
tite with accessory zircon, apatite and opaques. The large amount of hydrothermal

Fig. 1. Simplified geological map of the Bavarian Forest (based on maps published by
Troll, 1967 and Ott, 1983) showing the distribution of late-Variscan magmatic rocks and
sample locations. Collected granodiorite samples are from the Wildtier quarry (location
Patersdorf 3). Note that migmatites (generally cordierite-bearing) are more abundant north-
east of the Pfahl zone whereas in the southwest various types of anatectic gneisses are
the dominant rock type. Inset shows the location of the study area within the European
Variscan fold belt (BM Bohemian Massif)
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fluids, which have been expelled tectonically in the Pfahl zone gave rise to altera-
tion of the granitoids. Although our samples are macroscopically fresh, sericitiza-
tion of the feldspar is often observed under the microscope and typically, biotite is
partially replaced by pale-green chlorite and the released Ti has combined with Ca
to form secondary titanite.

Analytical procedures

Major and trace element concentrations were determined using X-ray fluorescence
(XRF) spectrometry on fused glass beads from whole-rock powder. Measurements
were preformed on a Bruker AXS S4 Pioneer spectrometer by standard analytical
techniques as described in Potts and Webb (1992). The internal structure (growth
zoning) of zircons was studied by cathodoluminescence (Vavra, 1990) using a
JEOL JXA-8900RL electron-microprobe, and, for sample PaDr1, a cold cathodo-
luminescence stage (Technosyn, Model 8200 Mk4) in combination with a petro-
graphic microscope. The typology of zircons was determined according to the
scheme of Pupin (1980).

For Rb–Sr and Sm–Nd isotope analyses 87Rb–84Sr and 149Sm–150Nd spikes
were added to the sample powders. After digestion, Rb, Sr, Sm and Nd were
isolated by ion exchange chromatography and all isotopic measurements were
made in static TIMS measurement on a Finnigan MAT 262 mass spectrometer at
the University of T€uubingen. The 87Sr=86Sr and 143Nd=144Nd isotope ratios were
normalized to 86Sr=88Sr¼ 0.1194 and to 146Nd=144Nd¼ 0.7219, respectively. Total
procedural blanks (chemistry and loading) were <160 pg for Sr and <80 pg for Nd.
Twelve analyses of the LaJolla Nd standard made during the course of analyses
have a mean value of 143Nd=144Nd¼ 0.511830� 0.000007. Within the same per-
iod, the NBS 987 Sr standard yielded a 87Sr=86Sr ratio of 0.710252� 0.000012
(n¼ 17). Analytical techniques for zircon Pb-evaporation (Kober, 1986, 1987)
are described in Siebel et al. (2005). The U–Pb zircon analyses were carried out
by standard isotope dilution methods as described in Chen and Siebel (2004).
Zircon fractions were less than 0.05 mg in weight (Table 3), and the total proce-
dural blank was 7 pg. The U–Pb age calculations were done by the PBDAT pro-
gram (Ludwig, 1993) and the fitting of the discordia lines using Isoplot=Ex
(Ludwig, 2003).

Geochemical and isotopic composition

The studied granites are metaluminous to moderately peraluminous, (A=CNK:
0.99–1.03), with SiO2 contents between 67 and 70 wt.% (Table 1). The whole-rock
geochemical data show a narrow range of compositions marked by a slight
decrease in Al2O3, TiO2, Fe2O3tot, CaO, MgO, P2O5, Ba and Sr and increase of
K2O and Rb with rising SiO2. The samples from the two granodiorites are meta-
luminous (A=CNK: 0.95 and 0.96), with SiO2 contents at 62 and 65 wt.%. Most of
the major elements of the granodiorites differ in abundance from the range found in
the granites. The granodiorites also have higher Ba, Zr, Ce, Nd, Sm and Y con-
centration compared to the granites.
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The Sr isotopic study (Table 2) reveals initial 87Sr=86Sr ratios (325 Ma) of
0.7060–0.7071 for Rinchnach and Patersdorf granites and significantly higher Sr
ratios of 0.7081 and 0.7086 for the two granodiorites. The "Nd (325 Ma) values are
in a narrow range between �4.3 and �4.8 for the granites and at �5.3 for the
granodiorites. The Nd model ages (1.3–1.4 Ga, according to the depleted mantle
model) indicate that recycled Precambrian material is present in all granitoids.

Zircon morphology==typology and geochronology

Zircons from the granitoids are subhedral to euhedral in shape. The zircon popula-
tion from the granodiorites is dominantly translucent to transparent whereas the
granite samples mainly yielded brownish dull crystals. In all of the investigated
zircon grains the intensity of the cathodoluminescence signal shows major varia-
tions (Fig. 2). In most cases this is caused by oscillatory zoning pattern which
reflects alternating uptake of trace elements during crystal growth (e.g., Hanchar
and Miller, 1993; Hanchar and Rudnick, 1995; Corfu et al., 2003; Nasdala et al.,
2003). Many zircons show evidence of complicated growth histories in the form of
complex zoning patterns, inherited inner cores and overgrowths (e.g., Ri1: grain 5,

Table 1. Chemical composition of whole-rock samples from granodiorites (PaDr1 – fine grained variety, PaDr2 –
coarse-grained variety) and granites (Pa – Patersdorf, Ri – Rinchnach). Major elements in wt%, trace elements in
parts per million (ppm). Concentrations for Rb, Sr, Sm and Nd were determined by the isotope dilution method all
others elements by XRF

Sample PaDr1 PaDr2 Pa1 Pa2 Pa3 Pa4 Pa5 Pa6 Pa7 Ri1 Ri2 Ri3

SiO2 65.40 62.44 69.38 68.53 67.52 68.35 68.78 68.98 70.19 67.12 70.01 68.32
TiO2 1.16 1.20 0.49 0.50 0.53 0.52 0.51 0.53 0.47 0.58 0.48 0.48
Al2O3 14.53 16.36 15.28 15.08 15.28 14.94 15.56 15.43 15.13 16.46 15.00 15.09
Fe2O3 4.98 6.03 2.90 2.95 3.08 3.07 3.04 3.12 2.70 3.57 2.90 2.80
MnO 0.07 0.09 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.06 0.05 0.05
MgO 1.31 1.96 1.02 1.02 1.09 1.10 1.09 1.14 0.91 1.32 1.00 0.96
CaO 2.49 3.78 2.37 2.38 2.61 2.48 2.69 2.73 2.18 3.39 2.40 2.34
Na2O 3.10 3.41 3.55 3.55 3.67 3.46 3.71 3.72 3.66 3.88 3.53 3.59
K2O 5.11 4.39 4.32 4.39 4.29 4.18 4.32 4.05 4.55 3.20 4.37 4.45
P2O5 0.46 0.43 0.19 0.18 0.21 0.19 0.18 0.18 0.18 0.20 0.17 0.19
LOI 0.72 0.69 0.77 0.63 0.61 0.82 0.76 0.77 0.57 0.50 0.66 0.59

Total 99.32 100.76 100.33 99.26 98.94 99.16 100.69 100.70 100.58 100.28 100.57 98.86

Ba 1159 1335 857 897 960 808 856 820 847 908 771 794
Rb 176 140 178 181 180 170 194 196 207 136 189 182
Sr 201 329 282 273 314 285 324 333 301 379 274 266
Zr 655 595 261 263 282 273 261 285 263 210 194 247
Y 67 52 38 40 43 38 41 44 37 25 28 42
Ce 162 182 99 81 100 86 98 108 101 84 71 84
Nd 78.9 77.0 37.6 35.7 44.3 26.6 – – – 30.9 35.8 36.6
Sm 14.55 13.45 6.85 6.56 7.91 5.44 – – – 5.87 7.10 6.75
A=CNK 0.96 0.95 1.03 1.01 0.99 1.01 0.99 1.00 1.01 1.03 1.01 1.01

– Not determined, LOI Loss on Ignition, A=CNK molecular [Al2O3=(CaOþNa2OþK2O)]
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Fig. 2. Cathodoluminescence images of sectioned zircon from granites (samples Ri and
Pa) and granodiorites (samples PaDr). Scale bars 40mm
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Ri2: grains 3 and 4, Pa4: grains 1 and 2) or inclusions of smaller zircons (Pa4: grain
3). The exact percentage of zircons with cores is difficult to determine because of
the internal resorption and corrosion features which are particularly obvious in
samples Pa4 and PaDr2. Irregular shaped areas as seen in PaDr1 (grain 1) may
also reflect resorption.

In the Pupin diagram (Pupin, 1980), which shows the distribution of the external
crystal faces, two maxima can be observed, one for the granites, one for the grano-
diorite (Fig. 3). For the granites the most common types are S3–10 and S13 with a
maximum at S10. Among the zircons from the investigated granodiorite sample
euhedral transparent crystals predominate (mostly S17, S22, S23 and S24 forms).

In order to determine the zircon ages we used the Pb–Pb evaporation and the
U–Pb isotope dilution methods. For U–Pb analyses about half of the fractions were
mechanically abraded according to the method of Krogh (1982) and the abrasion
time is given in Table 3. Sample PaDr1 contains two fractions with pre-Carboni-
ferous apparent U–Pb ages. One is concordant at 401 Ma whereas the other fraction
is discordant and gives a 207Pb=206Pb age around 402 Ma (Table 3). Another frac-
tion from sample PaDr2 gives a slightly lower concordant age of 314 Ma and this
could be caused by later Pb loss. The remaining zircon fractions from the two
granodiorites are almost concordant with very similar 207Pb=235U and 206Pb=238U
U ages (Fig. 4, Table 3). From these fractions, 206Pb=238U and 207Pb=235U mean
ages of 325� 3 Ma and 326� 3 Ma are obtained which probably provide the best
estimate for the time of emplacement and crystallization. The narrow range of age

Fig. 3. Frequency distribution of zircon morphology (according to Pupin, 1980) for gran-
ites (a–d) and granodiorite PaDr2 (e) of the present study. Zircon material in sample
PaDr1 was not sufficient for evaluation. n number of zircon grains which were used for
statistical evaluation
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Fig. 4. U–Pb concordia diagram for zircon fractions from the granodiorites. Hatched
ellipse indicates fraction from PaDr2 (coarse-grained variety) which was excluded from
mean age calculation. Error ellipses are 2�

Fig. 5. U–Pb concordia diagram for zircon fractions from the Patersdorf and Rinchnach
granite. Two fractions with inherited cores (Pa4-2, Pa4-6, Table 3) plot outside the range of
the diagram and were excluded from the discordia fit. One fraction which suffered very
strong loss of Pb (Pa2-4) plots also outside this diagram but was included in the discordia
line fit. Data-point error ellipses are 2�
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values in most of the zircon fractions is interpreted as representing an almost
synchronous emplacement of the fine- and the coarse-grained granodiorite.

The granite zircon fractions have higher U and Pb concentrations but similar
Th=U ratios than those from the granodiorites (Table 3). Only two out of 27 frac-
tions have significantly older U–Pb apparent ages (Pa4-2 and Pa4-6). The older age
data can be explained by the presence of older cores within these fractions possibly
inherited from the crust. In detail, these two dates are difficult to interpret due to
complexities associated with mixing of inherited and newly grown zircon compo-
nents as well as later loss of Pb (see below). Most of the remaining granite fractions
are variably discordant forming a slightly scattered array pointing towards the
origin of the concordia diagram (Fig. 5). The most likely explanation for this
pattern is Pb removal either continuously or during a recent uplift or weathering
process. No well defined discordia line can be calculated from the different zircon
fractions of the four investigated samples. In the concordia diagram there is no
difference between the data points from Rinchnach and Patersdorf. If the fractions

Table 4. 207Pb=206Pb evaporation data for single zircons from Rinchnach and Patersdorf granitoids

Sample n1 204Pb=
206Pb

206Pb=
208Pb

Th=U2 207Pb=206Pb3 Age
(Ma)

Error4

Ri1_1 288 0.000033 8.9 0.36 0.052982� 0.000033 328.1 2.7
Ri1_2 108 0.000021 10.1 0.32 0.053045� 0.000087 330.7 4.4
Ri1_3 123 0.000173 11.5 0.29 0.053048� 0.000103 330.9 5.0

Weighted avg. 329.2 2.1

Ri2_1 105 0.000166 10.0 0.31 0.052960� 0.000093 327.1 4.6
Ri2_2 153 0.000020 14.0 0.23 0.052762� 0.000035 318.6 2.7
Ri2_3 226 0.000244 10.1 0.32 0.052715� 0.000041 316.6 2.9
Ri2_4 193 0.000324 7.0 0.45 0.052872� 0.000039 323.3 2.8
Ri2_4_Far5 114 0.000107 7.6 0.42 0.052926� 0.000058 325.7 2.5

Weighted avg. 320.4 6.5

Pa2_1 104 0.000092 6.9 0.48 0.052774� 0.000063 319.1 3.6
Pa2_2 297 0.000063 11.6 0.28 0.052790� 0.000054 319.8 3.3
Pa2_3 202 0.000071 17.0 0.20 0.052928� 0.000057 325.7 3.4

Weighted avg. 322.0 2.0

Pa4_1 169 0.000020 2.5 2.25 0.052815� 0.000061 320.9 3.5
Pa4_2 180 0.000014 6.9 0.45 0.052907� 0.000040 324.8 2.9
Pa4_3 403 0.000005 10.3 0.32 0.052847� 0.000050 322.3 3.2
Pa4_4 319 0.000010 7.9 0.40 0.052906� 0.000051 324.8 3.2

Weighted avg. 323.4 1.6

1 Number of measured 207Pb=206Pb isotope ratios per grain; 2 model ratio calculated from 208Pb=206Pb
ratio and age of the sample; 3 errors are 2�measured; 4 error calculated using following formulae:ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ð2�=
ffiffiffi
n

p
Þ2 þ�f 2

q
, where n is the number of measured 207Pb=206Pb isotope ratios, 2� is the 2-sigma

standard error of the Gaussian frequency distribution function and �f is an assumed uncertainty of the
measured 207Pb=206Pb ratio of 0.1%; 5 same grain as Ri2_4 but Pb isotopes measured simultaneously
with Faraday cups (not included into weighted average calculation)

56 W. Siebel et al.



from the two granites are combined (excluding the two fractions with inherited
components), the isotopic data plot along a regression line giving upper and lower
intercept ages of 330� 13 Ma and 94� 73 Ma, respectively (Fig. 5).

207Pb=206Pb evaporation ages were determined on four samples from the gran-
ites (Table 4, Fig. 6). The ages range from 317 to 331 Ma in the Rinchnach granite
and from 319 to 326 Ma in the Patersdorf granite with mean ages of 329.2� 2.1 Ma

Fig. 6. Histograms showing
the frequency distribution
of radiogenic 207Pb=206Pb
ratios obtained from evap-
oration of zircons from the
Rinchnach granite (upper
panel) and Patersdorf gran-
ite (lower panel)
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(sample Ri1, number of analysed grains, n¼ 3), 320.4� 6.5 Ma (Ri2, n¼ 4),
322.0� 2.0 Ma (Pa2, n¼ 3) and 323.4� 1.6 Ma (Pa4, n¼ 4). Since the cathodolu-
minescence images indicate a dominantly magmatic origin for most of the grains,
we interpret these ages to date the intrusion of the granites. Besides these zircons
we found a few zircons with slightly older apparent 207Pb=206Pb ages between
330–350 Ma. Such dates were only obtained for the highest temperature evapora-
tion steps and the data are interpreted to record the contribution of Pb from slightly
older inherited components.

Discussion

The zircon typological indices I. T and I. A (Pupin, 1980) are higher in the granites
than in the granodiorites. It has been suggested that temperature and chemistry
(Pupin, 1980), major and trace element composition (e.g. Vavra, 1990, 1994;
Benisek and Finger, 1993), the degree of magma differentiation (K€oohler, 1970)
or ZrSiO4 supersaturation (e.g. Vavra, 1990, 1994) are key parameters in the devel-
opment of zircon prism size relation. The U content of the granite zircons is much
higher than in the zircons from the granodiorites (Table 3) reflecting the different
melt composition of the two rock types. Thus, compositional effects as well as
possible temperature contrasts between the two magmas might have controlled the
development of the zircon crystal faces.

From the analytical data it appears that U and probably also Th concentrations
have influenced the degree of concordance of the analyzed zircon fractions. The
low-U zircons from the granodiorites yield quite concordant results whereas the
high-U zircons from the granites clearly suffered various degree of Pb loss. The data
in Table 3 also show that abrasion was only moderately successful in increasing the
degree of concordance. In the case of sample Pa4, the portion of abraded zircon was
probably more enriched in U than the portion left over and the abraded fractions
yield slightly less discordant results. The discordant U–Pb systematics of the gran-
ites caused by Pb loss precludes a unique age interpretation from the U–Pb data
alone. However, the Pb–Pb evaporation ages and the U–Pb ages of the granodiorites
show that both granitoids intruded more or less contemporaneously. This finding
confirms geochronological result from the northern Oberpfalz (Siebel et al., 2003)
where intermediate rocks (so-called redwitzites) were contemporaneous with the
older group of granites. Our data also confirm results from S€ooderlund (1996) and
Karabinos (1997) that, in case of Pb loss, the intrusion age is better constrained by
single-zircon evaporation than by isotope dilution U–Pb analyses.

Cross cutting relationships show that the Patersdorf granite intrudes the grano-
diorites. Amongst the granodiorites the fine-grained variety preceded the coarse-
grained one. Combining field and age data it becomes evident that the granites
intruded the granodiorites within a short time interval. The intrusions took place
when high-temperature metamorphic conditions prevailed in the Bavarian Forest
(Kalt et al., 1999, 2000). The contemporaneity of shearing, magmatism, and meta-
morphism at around �325 Ma makes it likely that these processes were geodynami-
cally closely related. Other magmatic rocks along the Pfahl zone (palites and foliated
granitoids, Fig. 1) are, in general, deformed and were intruded before or during the
gneiss-forming event. The Rinchnach and Patersdorf granites are not foliated, but
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the latter is truncated by the Pfahl shear zone in its central part. Outside this zone, no
high temperature ductile shear fabric was found in the granites. Therefore, we argue
that granite emplacement provides a lower age limit for the gneiss-forming event and
predates the final stage of ductile deformation along the Pfahl shear zone.

As just noticed, the emplacement of the Rinchnach and Patersdorf granites does
not define the end of tectonic processes along the Pfahl zone. After magmatism,
temperatures above 650 �C still prevailed at least in shear corridors of the southern
area of the Pfahl zone as indicated by quartz microfabrics and a c. 287 Ma
40Ar–39Ar muscovite age (Brandmayr et al., 1995). Rb–Sr feldspar ages obtained
from the coarse-grained granodiorite of the Wildtier quarry as well as from the
palites (Siebel et al., unpublished data) mostly fall in the range 290–310 Ma and are
linked to late homogenization of the Sr isotopic system caused by the presence of
hydrothermal or metamorphic fluids and associated metasomatic processes. The
activity of a hydrothermal system in this zone, as manifested by the formation of
the huge quartz dike, was dated at 247� 21 Ma (Horn et al., 1986).

The Paleozoic and Precambrian ages found in some of the zircon fractions
reflect inherited zircon domains. From the cathodoluminescence images it can be
seen that some of the cores show oscillatory zoning (e.g. Ri1: grain 5, PaDr2: grain
1) indicating that at least some of the cores were inherited from magmatic pre-
cursors. The old ages correspond to previously reported Cambrian and Ordovician
magmatic events in the Bavarian Forest (Teipel et al., 2004). Thus, some of the
inherited zircon cores from the Pfahl granitoids might have been derived from re-
melted Paleozoic granitoids. Constraints for the average crustal residence time of
the source material are provided by the 1.3–1.4 Ga whole-rock Nd-model ages.
Typically, granitoids from eastern Bavaria have mid-Proterozoic model ages (Liew
and Hofmann, 1988; Siebel et al., 1995; Chen et al., 2003; Chen and Siebel, 2004)
and this suggests that a large quantity of material within the Variscan granitoids
comes from reworking of older Precambrian, probably Proterozoic crust.

From the limited chemical variation it is evident that the Rinchnach and
Patersdorf granites crystallized from moderately fractionated melts with little
in situ fractional crystallization or assimilation processes. Major and trace element
abundances are not compatible with the view that the granites are a differentiation
product of the granodiorites. The difference in isotopic composition between the
granodiorites and the granites is the strongest argument which excludes their con-
sanguinity (Fig. 7). The granites and granodiorites as well as the palites have Sr
and Nd isotopic compositions intermediate between mantle and crustal values. The
presence of higher initial 87Sr=86Sr ratios and lower "Nd(t) values in the granodior-
ites implies that these rocks originated from a more evolved source. The isotopic
relationship is unique for granitoids from eastern Bavaria where the reverse rela-
tionship between dioritic and granitic rocks is normally observed (Siebel et al.,
1997; Chen and Siebel, 2004). Granites and palites have similar "Nd values but the
latter have slightly more radiogenic 87Sr=86Sr ratios. Pfahl magmatism also pro-
duced dikes of granitic composition which cross-cut the palites. These dikes have
the highest 87Sr=86Sr ratios and may not be co-genetic to the palites (for geo-
chemical relation between palites and granitic dikes see Siebel et al., 2005). The
diversity in petrographic, geochemical, and isotopic compositions of the Pfahl
granitoids investigated so far suggests the presence of multiple, discrete magma
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batches formed by crustal melting with some modification by addition of mantle
material.

Inferences and conclusions

Magmatic rocks associated with the Bavarian Pfahl shear zone record a chronology
of emplacement starting with the intrusion of palites (327–342 Ma), sheared grani-
tic dikes (326–331 Ma) and continued with emplacement of granodiorites and
granites (321–329 Ma). The radiometric data show that the shear zone was active
during Visean-Namurian times. It seems likely that during magma transport from
lower to upper crustal levels, the shear zone was used as a ramp or channel giving
rise to the present distribution of the granitoids along the Pfahl zone. The Pfahl
zone was active or reactivated after granite emplacement as shown by the fact that
one of the granites is truncated by a mylonitic zone.

Although the geochronological data support a close temporal connection of
granitic and granodioritic melts, from the chemical point of view the two granitoids
have clearly different sources. The granites are less enriched in incompatible and
REE elements and have higher "Nd and lower 87Sr=86Sr ratios than the granodior-
ites. This indicates the existence of two spatially separate and chemically different
magma bodies within the crust. Given the inheritance of zircon cores in both types
of granitoids it seems likely that both magmas contain significant amounts of
material from Paleozoic igneous and older crustal precursors.
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