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Zusammenfassung Abstract 

Eine altersmfigige Einstufung der im Oberharz 
vorkommenden kristallinen Gesteine wurde durch 
U-Pb-Isotopenuntersuchungen an Zirkonen und Ti- 
tanit sowie Rb-Sr-Isotopenmessungen an Gesamtge- 
steinsproben und Biotiten durchgeftihrt. 

U-Pb-Daten von idiomorphen und runden, detri- 
tischen Zirkonen der allochthonen Eckergneis- 
Scholle deuten auf ein Alter des Ursprungsgebietes 
der weitgehend metasedimentfiren Gesteine von etwa 
1 .6  G a oder filter hin und sic weisen ferner auf ein 
m6gliches Metamorphose-Ereignis vor rund 5 6 0 
M a im Eckergneis oder im Liefergestein der Zirko- 
ne des Eckergneises hin. Der konkordante Daten- 
punkt bei ca. 2 9 5 M a einer Titanit-Fraktion aus 
einer Metavulkanit-Probe dokumentiert die kontakt- 
metamorphe Beeinflussung des Eckergneises durch 
die variskischen Intrusionen des Oberharzes. 

Die Platznahme der Intrusionen der Gesteine des 
Harzburger Gabbronorit-Massivs sowie des Brok- 
ken- und Oker-Granits erfolgten innerhalb der analy- 
tischen Fehlergrenzen zeitgleich vor 2 9 3 - 2 9 5 
M a.  Dies deutet auf eine gemeinsame geotektoni- 
sche Ursache des Aufdringens der Magmen. Damit 
verbunden war der Aufstieg der Eckergneis-Scholle, 
die jetzt zwischen Harzburger Gabbronorit und 
Brockengranit *eingeklemmt~< ist. 

Mineralalter der Plutonite liegen nahe bei den In- 
trusionsaltern und weisen auf rasche Abkiihlungs- 
vorgfinge in seichtem Krustenniveau hin. 

Dating of crystalline rocks occurring in the Upper 
Harz Mountains was carried out by means of U-Pb 
isotope investigations on zircons and sphene as well 
as by Rb-Sr isotope measurements on whole-rock 
samples and biotites. 

U-Pb data of euhedral and rounded, detrital zir- 
cons of the allochthonous block of the Ecker gneiss 
point to an age (upper intercept) of the source area of 
the predominantly metasedimentary rocks of about 
1 . 6  G a or older. The lower intercept indicates a 
possible metamorphic event at ca. 5 6 0 M a in the 
Ecker gneiss or in the source rock of the zircons of 
this complex. The concordant data point of a sphene 
fraction from a metavolcanic sample documents con- 
tact metamorphic influence on the Ecker gneiss by 
the Variscan intrusions of the Upper Harz Moun- 
tains. 

Emplacement of the intrusions of the Harzburg 
gabbronorite and the Brocken and Oker granites oc- 
curred contemporaneously 2 9 3 - 2 9 7 M a ago 
within the analytical error limits. This points to a 
common geotectonic cause of the ascent of the 
magmas. Uplift of the Ecker gneiss block, now 
squeezed in between Harzburg gabbronorite and 
Brocken granite, was connected to these processes. 

The mineral ages of the plutonites are close to the 
intrusion ages indicating fast cooling processes in 
shallow crustal levels. 
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Umwelttechnik, Buxtehuder-Str. 76, D-2000 Hamburg 90, FRG and Dr. R. VINX, Mineralogisch-Petrographisches Institut, Univer- 
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R6sum6 

Des mesures d'fige ont 6t6 effectu6es sur des 
roches cristallines de l'Oberharz par les m6thodes de 
I'U-Pb sur zircon et sphhne et du Rb-Sr sur roches 
totales et sur biotites. La m&hode U-Pb, appliqu6e 
aux zircons idiomorphes et d&ritiques arrondis de 
l'6caille allochtone des gneiss d'Ecker, fournit un age 
(intersection sup4rieure) d'environ 1,6 Ga au moins 
pour la source des mat6riaux surtout m6tas6dimen- 
taires. Uintersection inf4rieure indique la possibilit6 
d'un 6v6nement m&amorphique h -L-_ 560 Ma soit 
dans les gneiss d'Ecker, soit dans les roches-sources 
de leurs zircons. Un r6sultat concordant a + 295 Ma 
fourni par le sphhne d'une m6tavolcanite enregistre 
Faction du m6tamorphisme de contact engendr6 dans 
les gneiss d'Ecker par les intrusions varisques. 

La mise en place des intrusions du massif gabbro- 
noritique du Harzburg et celle des granite de Broc- 
ken et d'Ocker ont 6t6 contemporaines: ages de 293 
h 297 Ma, compris dans l'intervalle d'approximation 
des mesures. Ce r6sultat est en faveur d'une m~me 
cause g6otectonique pour l'ascension de ces mag- 
mas. C'est en relation avec ce processus que s'est 
produit le soulhvement de l'6caille des gneiss 
d'Ecker, actuellement coinc6e entre le gabbro du 
Harzburg et le granite de Brocken. 

Les ages min6raux des plutons sont voisins des 
ages d'intrusion, ce qui indique un refroidissement 
rapide dans un niveau crustal peu profond. 

KpaTKoe co~iep~aHue 

C nOMOn~btO Mewo~a ypana-cBtmRa na I~HpKO- 
Hax H TnTaHHTaX , a TaK)Ke C IIOMOH{MO MeTOJ~a 
py6RRtffl-CTpOnnJ~ Ha t~e~Hofi nopo~e ~ 61elOT~- 
Tax orIpe;aeaHaH Bo3pacT KpHcTaaarmOBt,PX nopoJ~ 
Bepxnero Fap~a. 

J!anm,ie no ypaHy-CBnHay n Kpyr~b~e ;~eTpHT- 
HBIe IKnpKOHbI if3 aJI2IOXTOnHOfI FJIBI6BI rnefica 
9KKep yKa3bma~OT na Bo3pacT HcxoJInofi O6JIaCTH 
npenMyu~ecTBeano MeTaceJInMeHTnbLX nopoJl paB- 
nbff~ 1,6 Fa, rain 6o:Iee, a TaK>Ke na BO3MO>Km, ffI 
no3~nefminfi MeTaMOp~n3M rneficoB, nan HcxoJI- 
nbrx nopoJ{ tmpKOHOB 3TnX rHeficoB, I4MeBII~ 
MecTo OKOaO 560 Ma TOMy na3aJl. I43oxponna~ 
JmarpaMMa C KOnKOpJmefi, Bbmep,~eHna~ no 
qbpaKIIJ4~ TI+ITanHTa H3 npo6~,~ MeTaBy~IKaHHTOB, 
OWMeqaeT KOnTaKTnbIfi MeTaMopqbI/I3M rneficoB 
npn nnTpy3nn r e p ~ c K o r o  Bo3pacTa B Bepxnne 
caon FapRa n xaeT ~biqbpy B 295 a. 

HnTpy3nn B MaccIaB ra66pooHopnTa Fap~- 
6ypra, a TaKTKe rpan~TOB BpOKKeHa n oKepa nMean 

MeCTO B IlepFIo~ OT 293 no 295 Ma; npn~eM 3~eCb 
yqTeHBI II BO3MO)KHBIe norpenmocTu  anaJm3a. 

~)TO yKa3bmaeT Ha o 6 ~ e  reoTeKTOHtmecKne 
npw4h-HbI -- BHeJIpeHHe MaFM. C 3THM CBS3ano g 
nOJIH~T~4e rJIbI6b~ rneficoB ~KKepa, oKa3aBmefic~ 
B Hame BpeM,q BTI/ICHyTOfI MexKRy ra66po Fap~- 
6ypra n rpanuTaMia BpOKKeHa. 

Bo3pacT IUIyTOHHTOB JIe:~rX4T 6Jn/I3KO K Bo3pac- 
Ty llnTpy314H I4 yKa3blBaeT Ha 6blCTpOe o x a o ~ e -  
HIae CJIOeB KOphI, 3aaerasmHx 6aH3b noBepXHO- 
CTH. 

1. Introduction 

The Harz Mountain Range (in the following: the 
Harz) represents an uplifted segment of the 
Rhenohercynian externides of the central European 
Variscan orogene. It is surrounded by Permian and 
Mesozoic sedimentary rocks. Main uplifting began 
in Early Cretaceous. Towards the south the Harz 
basement gently dips under Permian and Triassic 
sedimentary piles of the foreland. In the north the 
Harz block was uplifted up to 3 km at the northern 
margin fault (Harznordrandverwerfung) and thrust 
over Mesozoic strata of the foreland (FLICK, 1986). 
These strata are steep to overturned immediately 
north of the main fault. WREDE (1988) could 
demonstrate that the tectonic border of the northern 
Harz margin is part of a wrench-fault-system 
generated during the Variscan orogeny and reac- 
tivated by Saxonian movements. 

The basement of the Harz consists of Devonian 
and Lower Carboniferous clastic strata folded during 
the Asturian orogenic phase (MOHR, 1978), Variscan 
plutonic complexes and the pre-Variscan Ecker 
gneiss. The sedimentary rocks are anchimetamor- 
phic at the present exposure level. Contact metamor- 
phism has overprinted the rocks in the vicinity of in- 
trusive bodies. In the area of the Devonian anticline 
of the Upper Harz (Oberharzer Devonsattel) enhanc- 
ed vitrinite reflectivities of coalified organic matter 
in sedimentary rocks also point to low-grade contact 
metamorphism - in this case probably due to a large 
intrusive body in some km depth (JORDAN 8r KOCH, 
1979). 

The Harz is usually subdivided into three 
geological units (MOHR, 1978) with various 
crystalline complexes (Fig. 1). From the west to east 
these units are: 

(1) U p p e r H a r z with the Oker granitoid 
complex, the Ecker gneiss slab, the Harzburg gab- 
bronorite massif, the western part of the Brocken 
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Fig. 1. Crystalline rocks of the Harz Mountains. O = Oker granite, H = Harzburg gabbronorite, E = Ecker gneiss, B = Brocken 
granite, R = Ramberg granite, WP = phyllites of the Wippra zone, black spots and areas = volcanics (diabase, rhyolite, tufts, tuffites), 
HNV = Harz northern margin fault. Inset map indicates area of Fig. 2. General map: HH = Hamburg, H = Hannover, K = K61n, 
F = Frankfurt. 

granite massif and the Upper Harz diabase range 
( Oberharzer Diabaszug) , 

(2) C e n t r a 1 H a r z with the eastern part of 
the Brocken massif, various occurrences of volcanics 
and the Ramberg plutonic complex, 

(3) L o w e r H a r z with Variscan phyllites of 
the Wippra zone of the eastern margin and many 
small volcanic bodies. 

Crystalline rocks of the Upper Harz are subject of 
this investigation. Former petrological aspects con- 
cerning the plutonites of the Upper Harz were 
discussed by MOHR (1978) and Mf0LLER (1978). 
More recent investigations were subsequently car- 
ried out by several authors: Brocken granite (GERS, 
1980), western contact zone of the Harzburg gab- 
bronorite (HENTSCHKE, 1982), REE studies on the 
Brocken granite (MORTEANI et al., 1986), Ecker 
gneiss (M~LLER & STRAUSS, 1985; SCHLOTER, 
1983), Oker pluton (ST~)TZE, 1977), granitoid dykes 
in the Harzburg gabbronorite massif (ST~3TZE, 
1980), Harzburg gabbronorite massif (VINX, 1982). 
Important new results were (a) the proof of a largely 
independent development of each particular plutonic 
complex (VINX, 1982) and (b) reconstruction of the 
pre-metamorphic and metamorphic history of the 
Ecker gneiss (SCHLI21TER, 1983). MIJLLER & 
STRAUSS (1987) published a review about the rocks 
of the Harz. 

The detection of considerable amounts of largely 
,,magmatic, zircons in rocks of the cumulate series of 
the Harzburg gabbronorite massif (VINX,  1982) 

stimulated the idea to work out a U-Pb 
geochronology of zircons for all western Harz 
plutonites and the Ecker gneiss as well. 

2. Upper Harz crystalline complexes - 
Short review 

2 . 1 .  E c k e r  g n e i s s  

The Ecker gneiss (Fig. 2) is a unique rock 
association not only within the Harz but also within 
the whole Rhenohercynian belt of central Europe. 
Degree of metamorphism, style of deformation and 
age are not matched by any other geological unit 
therein. The Ecker gneiss crops out as a slab of 7 
km 2 at the surface - completely surrounded by the 
plutonites of the Brocken granite and the Harzburg 
gabbronorite (Fig. 2). The lithology consists to > 
99% of metasedimentary components (predom- 
inantly biotite-cordierite-bearing schistose horn- 
felses). SCHLI~ITER (1983) detected some occur- 
rences of preserved sedimentary textures and rare 
basaltic intercalations. The degree of metamorphism 
points to an origin from an intermediate tectonic 
level. The amphibolite facies metamorphism 
(SCHLOTER,  1983) with relatively moderate pressure 
(0.4 GPa) and temperatures slightly above 600 ~ 
corresponds to the Abukuma or Buchan type. Details 
of the lithology and petrogenesis of the Ecker gneiss 
will be reported by VINX • SCHLUTER (in prep.). 
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Fig. 2. Sketch map of the Upper Harz crystalline complexes and sample sites. Brocken granite complex: ca = contact aureole, ra 
= Randgranit, da = Dachgranit, gd = granodiorite, ig = Ilsestein granite. Ecker gneiss = eg, Harzburg gabbronorite = gb, 

Additional contact metamorphic recrystallization 
of variable intensity is observable throughout the en- 
tire Ecker gneiss because the complex is only a few 
100 m thick and is completely underlain by the Harz- 
burg gabbronorite. The reason for the ascent of the 
Ecker gneiss slab squeezed in between the underly- 
ing Harzburg gabbronorite and the overlying 
Brocken granite is yet unclear�9 The most plausible 
conception is that the Ecker gneiss was passively car- 
ried up by the ascending gabbronorite magma as an 
allochthonous slab. 

2 . 2  H a r z b u r g  g a b b r o n o r i t e  

Most recent petrological studies of the Harzburg 
gabbronorite massif were carried out and reported in 
detail by VINX (1982, 1983). Results which are fun- 
damental in context to this investigation are briefly 
referred to: 

The Harzburg gabbronorite is a relatively large 
example of a synorogenic and even syntectonic 
layered mafic/ultramafic intrusion with only a minor 
portion outcropping at the present erosion level�9 It is 
comparable to the more frequent synorogenic layered 

mafic intrusions of the Caledonides, e. g. of Scan- 
dinavia (WILSON et al., 1981; OTTEN, 1983) to some 
extent. It is, however, more strongly fractionated and 
intruded into a much higher crustal level�9 Most 
cumulate rocks are pronouncedly devoid of primary 
OH-bearing phases except for some phlogopite/ 
biotite in late differentiates�9 There is no comparable 
occurrence in the Rhenohercynian belt or the Euro- 
pean Variscides in general�9 

The rocks of the Harzburg intrusion comprise a 
complete and strongly fractionated tholeiitic se- 
quence of cumulates ranging from chromite-rich 
dunites which are only known from an exploration 
drill hole (Flora 1) to fayalite-bearing ferrodiorites 
with various gabbronorites as intermediate and 
dominating constituents. VINX (1982) subdivided the 
Harzburg gabbronorite complex into three strati- 
graphic series: 

A b a s a 1 1 o w e r s e r i e s exhibits the largest 
lithologieal variation with abundant forsterite-rich 
olivine and generally noritic rocks and with a strong 
tendency towards ultramafic cumulus assemblages�9 
Conspicious magmatic layering is confined to this 
section. 
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A m o n o t o n o u s g a b b r o n o r i t e  s e r i e s i n a  
medium position is devoid of olivine but contains 
plagioclase, orthopyroxene and clinopyroxene as 
cumulus phases. 

The rocks of an upper f e r r o g a b b r o  
s e r i e s with fayalite-rich olivine and pigeonite 

overlap the gabbro/diorite classification boundary. 
The most important fact in the context to this study 
is the strong enrichment of zirconium with values ex- 
ceeding 3000 ppm. Consequently all rocks of the fer- 
rogabbro series contain abundant zircon crystals 
favourable for U-Pb geochronological investigations 
of the Harzburg intrusion. 

Orogenetic strain affecting the intrusive body 
prior to the end of crystallization of late intercumulus 
melts and especially of the ferrogabbroid magmas led 
to a complicated primary internal geometric pattern 
of a large portion of the intrusion. Late-stage frac- 
tionation products are missing in places. These can 
be backveined instead into earlier cumulates or they 
are squeezed into the Variscan country rocks and into 
the Ecker gneiss. 

2 . 3  B r o c k e n  a n d  O k e r  g r a n i t e s  

Contact metamorphic rocks at the southern rim of 
the Brocken granite consist mainly of very hard and 
brittle hornfelses originating from slates and fine- 
grained greywackes and of calcsilicates (MOHR, 
1978). The sedimentation age of these rocks is 
assumed to be Lower Carboniferous since the 
Brocken granite body borders to slates and 
greywackes of this age in the south. The hornfels 
contact metamorphism bears isochemical character 
in general (MOHR, 1978). 

The O k e r  i n t r u s i o n  is disconnected at 
the present erosion level. Dozens of small isolated 
outcrops within pelitic and graywacke hornfelses 
form an integrated concentric structure (ST!]TZE, 
1977): A succession of granodiorite, monzogranite, 
syenogranite is placed around a tonalitic core, 
situated near the northern margin fault of the Harz. 
Hints for similar strong effects of fluid phases as in 
the Brocken granite complex are lacking in the Oker 
complex. 

3. Previous age information on 
the Harz crystalline rocks 

The granitoid massifs of the Brocken and Oker 
plutons (Fig. 2) are concentric intrusions, indepen- 
dent from each other at the present erosion level. A 
direct connection in depth is also unlikely on reasons 
of considerable petrographical deviations. Leuco- 
cratic dykes within the gabbronorite massif and in 
the Ecker gneiss which formerly were considered as 
covered connections to the Brocken and Oker 
granitic complexes are independent contact anatectic 
products (ST~?TZE, 1980). 

The B r o c k e n  g r a n i t e  is the largest ofthe 
Harz intrusive complexes with 150 km 2 at the pre- 
sent surface level. The Brocken granite intrusion is 
probably a phacolith, whose feeder channel is 
located in the area of the eastern margin diorites. The 
rocks are granitic except for the eastern margin and 
a small streak in the northern part of the intrusion 
(Fig. 2). Proceeding from the eastern margin dif- 
ferent facies string together in concentric 
semicircles. The concentrations of incompatible 
elements increase to the west (GERS, 1980). This 
pattern may be interpreted most plausibly by inflow 
of a pre-differentiated magma from the east. 

Turbid, reddish K-feldspars, largely chloritised 
biotites and plagioclases impregnated by mixtures of 
sericite, epidote and partly calcite as well as 
miarolitic spots, vugs and locally occurring tour- 
maline aggregates point to intensive hydrothermal 
and pneumatolytic activity. 

The Ecker gneiss was primarily considered to be 
a Paleozoic formation overprinted by Variscan con- 
tact metamorphism (ERDMANNSDORFER, 1909). 
Because of the mineralogical composition, which is 
quite different from that of the Carboniferous contact 
metamorphic rocks, and on grounds of pronounced 
directional fabrics the Ecker gneiss was later on 
classified as part of an old crystalline basement of 
pre-Variscan origin (CHATTERJEE et al., 1960). 

The geological frame suggests an intrusion age 
for the plutonites between Lower Carboniferous 
(Lower Namurian) and Upper Cretaceous (Seno- 
nian). Namurian sedimentary rocks were crosscut by 
the plutonites and pebbles of the igneous rocks do not 
occur earlier than in Senonian sequences. Before 
isotopic ages were available the emplacement in the 
Upper Carboniferous was assumed on the basis of 
geological and petrographical arguments which point 
to a strong relationship with other Variscan granites 
(SCHOELL, 1972a). 

The Harzburg gabbronorite was orogenetically 
strained during later stages of its crystallization and 
is therefore considered to be late-syntectonic (VINX, 
1982). Oker and Brocken granites are lacking the in- 
tensive deformation and the Variscan NE-SW 
elongation as is typical for the gabbronorite massif. 

The first isotopic date from the Harz was reported 
by EVERNDEN et al. (1961) 1 who obtained a K-Ar 
biotite age of 313 Ma (327 Ma with obsolete con- 
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stants) from a Harzburg gabbro sample. KULP 
(1961) 1 referred to this date as 311 + 10 Ma 
(325 + 10 Ma) and classified the Harzburg gab- 
bronorite as beeing emplaced in the interval post-Vi- 
sean/pre-Stephanian. 

Detailed studies on isotopic ages of the Upper 
Harz plutonic rocks were published by Schoell 
(1970a, b, 1972a, b)l: K-Ar and Rb-Sr investigations 
on biotites of the Harzburg gabbronorite massif, the 
Oker and Brocken granites resulted in common 
uniform cooling ages of 290-296 Ma which are in 
close agreement with Rb-Sr whole rock isochron 
ages of 298 Ma for the Brocken granite and 295 for 
the Oker granite (Table 5). BENEK (1967) reported a 
coincident K-Ar age of 296 Ma for the Ramberg 
plutonic complex in the Central Harz. 

The Rb-Sr whole rock isochron age of an aplitic 
dyke in the Brocken granite points to Sr homogeniza- 
tion in the decimeter range for this rock at 261 Ma 
(SCHOELL, 1972) 1 probably due to a younger ther- 
mal event. Since biotites yielded a K-At cooling age 
of 291 Ma the Rb-Sr isochron age cannot be inter- 
preted as intrusion age. The Sr homogenization may 
be related to the Permian (,,Rotliegend<<) volcanism. 

Lippolt et al. (personal communication) deter- 
mined 4~ ages of 289 Ma and 293 Ma tbr 
sanidines and biotites, respectively, from an alkali 
rhyolite dyke of the southwestern Harz. 

For the Ecker gneiss SCHOELL et al. (1973) 1 ob- 
tained a Rb-Sr whole rock isochron age of 392 Ma 
which was interpreted as the time of the dominant 
metamorphism. 

0.3% per mass unit for Rb and 0.12% per mass unit 
for Pb, using NBS SRM 984 (RbC1) and SRM 981 as 
well as SRM 982 (Pb), respectively, as standards. 
The composition of the Pb blank is: 2~176 = 

37.5, 2~176 = 15.52, 2~176 = 17.72. The 
87Sr/S6Sr ratios were normalized to 86Sr/88Sr = 
0.1194. The 87Sr/86Sr ratio used for blank correction 
is 0.710. The isotopic compositions of Pb and Sr 
blanks were measured in mixtures of aliquots of the 
solutions used for analytical processing. The average 
value measured for the NBS SRM 987 Sr carbonate 
standard is 0.71038 + 0.00003 (20, 8 analyses). 
However, no corrections regarding this Sr standard 
were made on the 87Sr/g6Sr ratios of the individual 
samples. 

The analytical errors indicated in the tables 
and/or diagrams are 2o. (internal precision) for 
87Sr/S6Sr, • 1% for 87Rb/86Sr, as estimated from 
duplicate analyses on reference standards, and 2a for 
2~ and 2~ The calculation of the er- 
ror ellipses in the concordia diagrams were perform- 
ed according to LUDWIG (1979). It takes into account 
the internal precision (2o-) of the isotopic ratio 
measurements, the estimated uncertainty of the U/Pb 
ratio in the spike (+_ 0.15%), the individual error 
magnification from the spike/sample ratio, and the 
estimated uncertainty in the isotopic composition of 
the initial Pb (+ 0.2%) and blank Pb (_+ 1%). 

Regression lines were calculated according to 
YORK (1969), using the analytical errors as indicated 
above. Ages and element concentrations were com- 
puted with the constants recommended by STEIGER 
& JAGER (1971). 

4. Analytical procedures 

Preparation of whole rock samples, separation of 
micas and zircons, chemical extraction of U and Pb 
(method after KROG/-/, 1973), Rb and Sr for isotopic 
composition and isotopic dilution measurements 
were carried out according to the description of 
BERG & BAUMANN (1985). 

Concentrations were determined by isotope dilu- 
tion mass spectrometry, using mixed 87Rb-84Sr and 
2~ spikes. Blanks are 0.1-0.2 ng for Rb, 
0.1-0.3 ng for Sr and U and 0.5-1 ng for Pb. 

Isotope analyses were performed using an NBS- 
designed Teledyne thermal ionisation mass-spec- 
trometer (12 ", 90~ equipped with a single Faraday 
collector. Mass fractionation was determined to 

1All Rb-Sr and K-Ar ages of EVERNDEN et al. (1961), KULP 
(1961), SCHOELL (1970a, b, 1972a, b) and SCHOELL et al. (1973) 
have been recalculated with the Rb- and K-decay constants 
recommended by STErnER & JXGER (1977). 

5. Sample description 

The E c k e r g n e i s s consists mainly of meta- 
sedimentary rocks forming finely laminated biotite- 
cordierite-bearing schistose hornfelses grading into 
gneissic and quartzitic rocks (CHATTERJEE et al. ,  
1960). A sample of the schistose hornfelses (EGN-1) 
contains heterogeneous zircon populations charac- 
terized by two prominent types with continuous tran- 
sitions: 

- -  anhedral, rounded (detrial) zircons with pitted 
surfaces, 

-- euhedral, short-prismatic crystals, some of them 
containing rounded cores. 

All zircon types are translucent and have light 
pink colors. Metavolcanics intercalated between the 
metasedimentary rocks contain very low concentra- 
tions of zirconium, therefore, zircons are lacking and 
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only light pink anhedral sphene crystals have been 
analysed from this rock type (sample EGN-2). 

The three samples for U-Pb investigations on zir- 
consof the  H a r z b u r g  g a b b r o n o r i t e  com- 
plex are a quartz-bearing gabbronorite (HG-69) of 
the gabbronorite series and two specimens of the fer- 
rogabbro series: gabbronorite (HG-349) and fer- 
rohortonolite gabbronorite (HG-116). Sample HG-69 
is obviously affected by crustal contamination as the 
SiO2 content exceeds by 5 % that of normally frac- 
tionated rocks with similar Fe/Mg ratios. Xenolithic 
blocks occasionally occur in the quartz gabbronorite. 

Unfractionated theoleiitic magmas generally con- 
tain zirconium in minor amounts only (60-160 ppm 
Zr ;  ERLANK et al., 1978). This incompatible ele- 
ment is being partitioned into early cumulates even 
less. Thus gabbroic rocks are in general depleted or 
devoid of zircons. If zircons occur in these rocks in 
higher concentrations and together with apatite - as 
in the case of the Harzburg gabbronorite complex - 
only late differentiation products or contamination 
by foreign rocks or combinations of both may be 
responsible for that phenomenon. In the Harzburg 
complex zircons occur in Fe-dominated rocks of the 
gabbronorite series and most abundantly in all rocks 
of the ferrogabbro series. 

The zircons of all three samples (see Table 1 for 
Zr concentrations) have a uniformly pink tinge, are 
transparent and rarely show fluid inclusions. 
Euhedral habit and in some cases casts from adjacent 
plagioclase grains point to a predominantly 
magmatic origin of the zircons. A few inherited com- 
ponents are indicated by rounded cores. 

Samples of the B r o c k e n g r a n i t e have been 
collected from various sites (Fig. 2) and different 
granitic varieties in the sense of MOHR (1978): 

-- Regular roof granite (Dachgranit): D-47, W-34, 
-- porphyric roof granite: KG, 
- -  micropegmatitic granite of the western margin 

(Randgranit): EG, A-13. 

Additionally samples from two profiles of the 
sharp Dachgranit-hornfels contact in the K6nigskopf 
quarry have been taken and cut into slabs (Fig. 3): 

hornfels 

biotite-rich 
granite 

biotite granite 

P r o f i l e  I P r o f i l e  I I  

PKG-2, PKG-3, PKG-11, PKG-12, 
PKG-13 

PKG-4, PKG-14 

PKG-5, PKG-15, PKG-16, 
PKG-17, PKG-18. 

Hornfels sample PKG-1 "and granite sample 
PKG-6 have been taken at distances of 5 m and 2 m, 
respectively, from the contact. Sample PKG-7 from 
another position of the contact zone where the im- 
mediate contact is diffuse, consists of a 
metasomatically altered, porphyroblastic, granitized 
contact hornfels with feldspars up to 1 cm in a fine- 
grained matrix of quartz, feldspars and chlorite. Ac- 
cording to chemical analyses the composition of this 
rock is granitic (Table 1). An up to 3 cm wide reac- 
tion zone with increased biotite content occurs where 
the contact is sharp (biotite-rich granite, samples 
PKG-4 and PKG-14). 

SLob No PKG- 18 17 16 !5 14 13 1211 

PROFILE II 

+ l ~ - - + ~ + + -  I t  + + + § § + + ~ . . ' x ~  r . .  . . l  
PROFILE I + + + * * + * * * * ' " ' ~ -  ' �9 4 , , , : ~ .  , , , , , , + I ~ 1 - ~ : : : : : : ,  -~m , . . . . ~  

I + * I ~ I * + + * + + § +1 /+ \+ /  " I : ' ' i ' F : ' h  ~ , "  ' "  
+ + + I '+ + + + + + * * I=~'+>bl " " 1 R I (  ' :~  I:,] 9:1.11 

SLob No. PKG 6 S ~j 4 ~ 2L__~ ! 

BioWe qronife (Oochqro,mt} IBIohfe richqronffe I Hornfeks 
grophicg-ronitJc texture 'qz, kf,pbg,chLb- I c o o r s e r - g p o n e d l g ~  
medium- groined / kf, chL fabdE I 
qz,kf, p{og,bi (portly | W (new growth) finegropned ] 

ch op t zed | p ogiser Elf zed qz,p/og,kf I 

+ r + ~  gronitized confoct hornfets 
/+%+,# 

l~+s+\+,~+#+i porphyrobWsfF kf (up to I cm) 
[ + r  1 

fine gpoined molnx qz, k~,ch{ 
PK6-T 

Fig. 3. Schematic sketch of two profiles across the Brocken granite-hornfels contact zone in the K6nigskopf quarry. 
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Reddish colored granite varieties from this 
quarry contain miarolitic vugs with tourmaline, 
epidote, albite, sheaflike desmine, quartz and violet 
fluorite. The whole granite body of the quarry is 
crosscut by aplitic dykes. 

Zircons have been separated from a Ran@ran# 
sample of the Ecker valley (EG), from a Dachgranit 
sample of the K6nigskopf quarry (KG) and from 
several samples of the two profiles through the 
granite-hornfels contact zone of the K6nigskopf 
quarry (PKG-1 to PKG-7). 

The zircon crystals of the g r a n i t e samples 
PKG-5, PKG-6, KG and EG are uniformly euhedral 
and show largely intact prismatic and pyramidal 
planes. Zircons in the granite at the immediate 
granite/hornfels contact of the K6nigskopf quarry 
(samples PKG-5, PKG-7) additionally show rounded 
edges and sometimes small hollows. The hollows 
may be explained as the effect of corrosion. The col- 
or of the zircons is light pink in most cases. The 
Ran@ramt sample contains zircons showing all tran- 
sitons to dark brown, turbid crystals occasionally 
with fissures and fractures. Most zircons have 
oriented inclusions and cloudy turbidities, often the 
crystals are concentrically zoned as can be observed 
under the microscope. 

The h o r n f e  1 s e s (samples PKG-1, PKG-2, 
PKG-3) contain rounded, detrial zircons on the one 
hand and well developed euhedral, short prismatic 
crystals on the other hand as well as all transitions 
between either group. 

The O k e r g r a n i t e sample investigated (OG) 
was collected from the southeastern part of the com- 
plex because the zirconium concentrations are higher 
there than in other parts of the intrusion (STI)TZE, 
1977). The granite sampled is coarse-grained, the 
main components quartz, feldspar and biotite have 
grain sizes up to 1 cm. 

Zircon crystals are euhedral, prismatic, light 
pink, slightly turbid and partly contain many inclu- 
sions: rounded opaque foreign components, gas bub- 
bles and fluid inclusions. 

Chemical analyses of main and trace elements 
and the normative composition of the rock samples 
are listed in Table 1. 

6 .  R e s u l t s  a n d  d i s c u s s i o n  

6.1 E c k e r  g n e i s s  

Seven zircon fractions have been analysed. The 
uranium concentrations in the zircons are relatively 
low with 200-500 ppm (Table 2). 

0.20 
~ , 0 / / / / / ~  ' I 206pb1238U M Ga 

looo/ 
Ecken gnems / ~ 5  

015 800/ /~/~ 's  
/ /  / '  Ha/ ' / 

/+00/ ~ 1 }  1~ '" 

8 /YU s te 0.05 # 8  o.o~,e -J?~293 Ho g@bronor'i 

! , l , I , I 

032 OSl* 207pb/235U 
__ I I , 

0 05 1.0 1.5 2.0 2.5 3.0 
Pig. 4. Concordia diagrams of Ecker gneiss zircon (EGN-I: 
# 1-7) and sphene (EGN-2: # 8) data (main diagram) and Harz- 
burg gabbronorite zircon data (inset diagram: HG-116: # 12; 
HG-349: # 13-16; HG-69: # 9-11). Numbers of points refer to 
column ,,*,< in Table 2. 

The U-Pb data points of the zircons are highly 
discordant in the concordia diagram (Fig. 4) and 
scatter arround a regression line with upper and 
lower intercepts corresponding to ages of about 1.6 
Ga and 560 Ma. The anhedral fractions (6 and 7 in 
Fig. 4) show slightly higher discordance with respect 
to the lower intercept than the euhedral ones (1 and 
2), the data of unsorted fractions (3, 4 and 5) occupy 
intermediate positions in the concordia diagram. The 
upper intercept is explained as representing the ap- 
proximate age of the primary zircon growth and the 
lower one is interpreted as indicating the time of 
episodic radiogenic lead loss of the zircons in the 
present host rock or in precursor rocks probably due 
to a regional metamorphic event during the Cado- 
mian orogenic cycle. 

Variscan overprinting by contact metamorphism 
is documented by the quasi-concordant U-Pb data 
point of sphenes (8 in Fig. 4) from a metabasaltic 
Ecker gneiss sample (EGN-2) at about 295 Ma. 

Though the regression line is poorly defined due 
to the large scatter of the data points of the Ecker 
gneiss zircons the data do not reflect tectono- 
metamorphic events later than Cadomian. This is in 
line with examples of zircons recrystallized or newly 
crystallized during the time synchronous with the 
Caledonian orogeny. These zircons behaved as clos- 
ed systems for U and Pb and were not affected 
isotopically during Hercynian metamorphism about 
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150 Ma later in gneisses, e. g. of the Silvretta nappe 
and the Gotthard massif (GRAUERT & ARNOLD, 
1968), the Ceneri zone (PIDGEON et al., 1970) of the 
Alps and of the crystalline basement of NE Bavaria 
in the Bohemian massif (GEBAUER & GRUNENFEL- 
DEN, 1974). The poor fit of the data points of the 
Ecker gneiss zircons to the regression line may, 
however, be a hint to post-Cadomian slight distur- 
bances. 

SCHOELL et al. (1973) 1 obtained a Rb-Sr whole- 
rock isochron age for the Ecker gneiss of 392 + 113 
Ma and interpreted this as the age of the dominant 
metamorphism. The isochron is predominantly 
defined by the spread of data from samples of one 
particular site although some data of samples from 
sites several kilometers apart were included in 
isochron calculation. The Variscan intrusions ob- 
viously did not affect the whole-rock Rb-Sr isotopic 
systems by contact metamorphism. 

The age of 392 Ma corresponds to the Lower to 
Middle Devonian boundary. The Ecker gneiss which 
was later uplifted by ascending Variscan magmas had 
resided in an intermediate crustal level at that time. 
The 392 Ma event coincides temporally with the 
emplacement of voluminous basaltic magmas (Ober- 
harzer Diabas) not only at or near the surface but 
neccessarily also in intermediate levels of the crust. 
The commencement of the basaltic volcanism can be 
stratigraphically dated as Eifelian (Lower/Middle 
Devonian; MOHR, 1978). This volcanism and syn- 
chronous basin subsidence plus sedimentation within 
the Harz area indicate a tensional tectonic regime. 
This is in apparent contrast to the obviously com- 
pressive character of the main deformation and 
metamorphism of the Ecker gneiss. The 392 Ma Sr 
isotopic equilibration event could be most plausibly 
be explained in the context of wide-spread ascent and 
emplacement of basaltic magmas and the associated 
fluid activity. 

The 392 Ma Ecker gneiss age records an event 
which is synchronous with the Acadian event of the 
New England Appalachians (RODGERS, 1970) with 
ages between 370 and 400 Ma. Similar ages were 
reported from crystalline rock complexes of the Sax- 
othuringian and Moldanubian zones of the Variscides 
at the northwestern margin of the Bohemian Massif 
(GEBAUER & GRUNENFELDER, 1979; KREUZER et 
al., 1989; SOLLNER et al., 1981a, b; TEUFEL, 1988), 
from the Venn-Stavelot Massif, Ardennes, Belgium/ 
Germany (KRAMM & BUHL, 1985), bore hole Saar 
1, Germany (granite; LENZ & MfALLER, 1976), Spes- 
sart Mountains, Germany (,,Rotgneis~q KREUZER 
et al., 1973), Appalachian Belt, England, Scot- 
land, Greenland and Norway (FAIRBAIRN, 1971), 

Massif Central, France (BERNARD-GRIFFITHS et 
al., 1977), Sierra de Guadarrama, Spain (WILDBERG 
et al., 1989). Many of these isotopic ages were inter- 
preted as reflecting tensional tectono-metamorphic 
processes. 

Of the isotopically documented ages (560 Ma, 
392 Ma and 295 Ma) none can be unambiguously at- 
tributed to the main metamorphism of the Ecker 
gneiss. The event at 392 Ma most probably 
documents a tensional process with synchronous 
emplacement of basaltic magmas and the 295 Ma 
sphene age records contact metamorphic overprin- 
ting by the emplacement of the Variscan plutons. The 
lower intercept age of zircon data of 560 Ma may 
either indicate metamorphism of the Ecker gneiss or 
may be an inherited age of the source area of the 
detrital zircons. The present data do not allow to 
make a decision in favour of either possibilities. 
Samples from Ecker gneiss outcrops located in a 
formerly prohibited area near the now abandoned 
German Democratic Republic/Federal Republic of 
Germany border may contribute to solve this 
problem. 

The isotopic results very clearly support the in- 
terpretation based on structural investigations that 
the Ecker gneiss is a fragment of the pre-Variscan 
basement (CHATTERJEE et al., 1960). It was trans- 
ported upwards as an allochthonous slab by the 
ascending Harzburg gabbronorite magma (VINX, 
1983). 

The different results of the U-Pb and Rb-Sr 
isotopic investigations point to a poly-phase develop- 
ment of the Ecker gneiss. 

6 . 2  H a r z b u r g  
g a b b r o n o r i t e  m a s s i f  

Eight zircon fractions from three samples have 
been analysed. Compared to, e. g. zircons of granites 
the present zircons of the gabbronorite complex are 
rather uranium-poor and, moreover, their uranium 
concentrations are different in the particular rock 
types: olivine gabbronorite (HG-116, 12 in Table 2 
and Fig. 4): - 7 5  ppm, gabbronorite (HG-349, 
13-16): 130-250 ppm, quartz gabbronorite (HG-69, 
9-11): 280-330 ppm. 

The U-Pb data points of three zircon fractions of 
sample HG-69 are concordant at 294 __ 1 Ma (9-11 
in Fig. 4). The data points of the two other samples 
(HG-116, HG-349) are slightly discordant and define 
a discordia with a lower intercept age of 293 _+ 2 
Ma. This age is considered as the crystallization age 
of the zircons coincident with the final stage of the 



680 A. BAUMANN, B. GRAUERT, S. MECKLENBURG ~; R. VINX 

magmatic main crystallization and thus represents 
the intrusion age of the Harzburg gabbronorite com- 
plex. 

The zircons of the samples HG-116 and HG-349 
contain small amounts of inherited pre-Variscan com- 
ponents. The resulting upper intercept age of about 
1.6 Ga points to a Proterozoic age of inherited zircon 
components. The coincidence with the upper in- 
tercept age of the Ecker gneiss zircons is striking and 
points to similar sources of the inherited zircon com- 
ponents for either rock unit. 

It is noteworthy that the inherited pre-Variscan 
zircon component has been found so far only in rocks 
of the ferrogabbro series. It does not occur in the 
sample of the gabbronorite series although this rock 
seems to represent a product of an already advanced 
stage of crustal contamination of the gabbronorite 
magma as compared to the much more abundant 
completely zircon-free gabbronorites. This fact sug- 
gests that zircons from the country rocks obviously 
have not been preserved in the gabbroic magmas of 
the early and medium evolution stages due to zir- 
conium undersaturation. These zircons, however, 
caused enrichment of zirconium in the successive 
residual magmas until these allowed the crystalliza- 
tion of zircons with synchronously increasing SiO2. 
Subsequently incorporated old zircons were not 
completely dissolved any more. Consequently the 
zirconium concentration is highest in the gab- 
bronorite sample (Table 1) of the ferrogabbro series. 

The coincidence of the K-Ar and Rb-Sr biotite 
ages of 290.5 + 1.3 Ma and296 _+ 5 Ma, respective- 
ly (SCHOELL, 1972) 1, with the intrusion age points 
to a short cooling history of the Harzburg gab- 
bronorite complex in a high crustal level. The fer- 
rogabbro series as end product of a closed, extremely 
tholeiitic differentiation path may be also an in- 
dicator for the crystallization in a shallow and conse- 
quently cool crustal level. Further evidence for rapid 
cooling is the occurrence of incompletely inverted 
pigeonite in rocks of the ferrogabbro series. 

A pre-Variscan formation of the Harzburg gab- 
bronorite as part of an ophiolite complex and merely 
tectonic Variscan emplacement was assumed by 
ANDERSON (1975). This is contradicted - apart 
from the now well established intrusion age - by 
clear magmatic contacts of the gabbronorite massif 
with the country rocks folded in the Variscan. 

Data of Rb-Sr and Sm-Nd isotopic investigations 
on whole-rock samples of a representatively selected 
collection over the total spectrum of fractionation of 
the Harzburg gabbronorite massif did not deliver 
consistent age information. Analytical results and 
detailed discussion will be published elsewhere. 

6 .3  B r o c k e n  g r a n i t e  

6.3.1 Results of U-Pb zircon analyses 

6.3.1.1 Zircons from granite 

Uranium concentrations of the Brocken granite 
zircons are high compared with zircons of the Ecker 
gneiss and Harzburg gabbronorite with one excep- 
tion (PKG-7 >100/zm: 267 ppm U), they range bet- 
ween 530 and 2090 ppm (Table 3). The brown, tur- 
bid fraction 100-125/zm of sample EG even con- 
tains > 0.5 % U. 

The U-Pb data points of the zircon samples EG 
(Randgranit) are slightly discordant between 280 and 
290 Ma (31-35 in Fig. 5), whereby the U-rich, dark- 
brown, turbid fraction (31) is most discordant with 
respect to the upper concordia intercept. Due to the 
small spread of the data a regression line through the 
points with an upper intercept age at 301 Ma and a 
trajectory + through the origin is poorly defined. 

The data of the Dachgranit zircons from the 
K6nigskopf quarry comprising samples KG, PKG-5, 
PKG-6 and also PKG-7; 20-26 and 28-30 in Fig. 5) 
define a similar line with an upper intercept age of 
303 + 116 Ma. The point of zircon fraction 80-100 
/xm of sample PKG-6 (27) is offset from this line 
whereas the point of the zircon fraction >100/xm of 
PKG-7 (30) is concordant at 296 Ma, an age which 
coincides with the Rb-Sr whole rock isochron and 
biotite ages and the K-At biotite age obtained by 
SCHOELL (1970a, b, 1972) 1 on Brocken granite 
samples (Table 5). 

From the data the following interpretation for the 
Brocken granite zircon pattern is tentatively sug- 
gested: Zircons grown during the crystallization of 
the Brocken granitic magma contain small amounts 
of older inherited zircon components causing weak 
but variable primary discordances. Sub-recent to re- 
cent radiogenic lead loss possibly as a result of the 
uplift of the Harz slightly shifted the primary data 
points towards the origin to their present positions. 
The extrapolation of the regression line through the 
present data points and the origin therefore yields an 
upper intercept age slightly higher than the true age 
of intrusion which must be lower than 300 Ma accor- 
ding to Rb-Sr data (see below). Because of their 
relatively high U concentrations the Brocken zircons 
are much more subject to radiation damage than the 
other Harz zircons. Therefore they are probably 
more susceptible to lead loss through microfissures 
caused by pressure release in the sense of GOLDICH 
& MURDREY (1972) when the Brocken granite was 
uplifted. Reaching the groundwater level may have 
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Fig. 5. Concordia diagrams of zircon data of the Oker granite (in- 
set diagram upper left; OG: # 17-O), Brocken Dachgranit 
(main diagram: PKG-5: # 24, 25; KG: # 20-23;  PKG-6: # 26, 
27; PKG-7: # 28-30) and Brocken Randgranit (inset diagram 
lower right: EG: # 31-35). Numbers of points refer to columns 
,,*~ in Tables 2 and 3. 

favoured lead leaching processes. This interpretation 
seems to be supported by the fact that the zircon frac- 
tion with the concordant data point (30) has indeed 
the lowest U concentration of all Brocken granite zir- 
cons. 

6.3.1.2 Zircons from hornfels 

Generally the rounded hornfels zircons from the 
contact zone in the K6nigskopf quarry have lower U 
concentrations (38, 39, 43 :360-625  ppm) than the 
euhedral ones (36, 37, 4 0 - 4 2 : 3 3 0 - 2 9 2 0  ppm). In 
Fig. 6 all points of the hornfels zircons are plotted 
together with the granite zircons of the K6nigskopf 
quarry. The rounded, detrial zircons indicate highly 
discordant ages pointing to about 2 Ga. A regression 
line through the data points of both the euhedral and 
rounded zircon fractions of hornfels sample PKG-1 
(36-39) intersects concordia at 297 _+ 4 Ma and 
about 1.8 Ga. The euhedral zircon fraction >100#m 
of PKG-1 (40), however, is set off from this line and 
rather behaves like the granite zircons. The data point 
of prismatic zircons of the biotite-rich granite sample 
PKG-4 (41) also fits this regression line. A 
similarity with the regression lines through the data 
points of the Ecker gneis and Harzburg gabbronorite 
zircons is obvious and probably indicates an origin of 
the inherited zircon components from similar Pro- 
terozoic sources for all three rock complexes. 

The data points of the zircon fraction of the horn- 
feb samples PKG-2 and PKG-3 (42-44) show a did 

ferent pattern. The dashed regression line through 
these points intersects concordia at 373 Ma and about 
2.2 Ga. With the present scarcity of data and status 
of information it remains a matter of question 
whether the lower intercept age of 373 Ma is a real 
inherited age of the zircons in the hornfelses. 

6.3.2 Results of Rb-Sr analyses 

Rb-Sr data from all Brocken granite samples are 
compiled in Table 4. The data points of samples out- 
side the KOnigskopf quarry (samples A-13, EG, 
W-34, D-47 and PKG-6 as reference) scatter in an 
isochron diagram and do not define an isochron (Fig. 
7). This is in contrast to the results of SCHOELL 
(1970, 1972a, b) 1, who obtained a Rb-Sr whole rock 
isochron of 298 + 12 Ma (Fig. 7). Furthermore, this 
author assumed that Brocken and Oker granites 
belong geochemically and temporally to o n e intru- 
sion and with the Rb-Sr data of both intrusions he 
calculated a common isochron of 295 _+ 6 Ma. 

The Rb-Sr data points of the granite and hornfels 
samples of the KOnigskopf profiles across the granite- 
hornfels contact define an isochron with a slope cor- 
responding to an age of 293 _+ 3 Ma (Fig. 8). The 
data ofhornfels slabs 1, 11 and 12 which are most dis- 
tant from the contact as well as of the granite slab 18 
which contains a certain amount of chlorites as 
alteration products of biotite have not been used for 
calculation. The isochron indicates that the hornfels 
approximated isotopic equilibrium with the granite 
by contact metamorphism in the few centimeters of 
the immediate contact zone. 

The biotite age of the biotite-rich granite sample 
PKG-4 was determined as 293 _+ 5 Ma and is iden- 

o.lo ~- ' ~-ooF , ~ ~ ,  00% 
~-1206Pb/238U ~ I F  / ~ ; Q /  1 

I , / / / 32o7 
oos! . -  1 o oso 

1 7 1  I / I 
0 C ) / + ~  gr~ o h # 2 B  , 20'Tptl/~3~U 1 0.042 

,, , , , ,  , , , 

02 04 0.6 0,8 030 0.34 038 0.42 

Fig. 6. Concordia diagrams of Brocken granite (PKG-5 - 
PKG-7: #24-30)  and hornfels (PKG-I - PKG-3: #36-44)  
zircon data of samples from the contact zone in the K6nigskopf 
quarry. Numbers of points refer to column ,,*,, in Table 3. 
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Sample Rock Rb Sr STRb/S6Sr SVSr/S6Sr 
(ppm) (ppm) 

PKG-I hornfels 143.7 138.0 3.0167 0.71920• 

PKG-2 hornfels 135.8 154.8 2.5410 0.72051• 

PKG-3 hornfels 122.7 265.1 1.3403 0.71587• 

PKG-4 bio-rich granite 344.9 111.2 9.0112 0.74899• 

PKG-4 .. bio 1021.9 6.43 566.46 3.0747 • 

PKG-5 granite 281.1 57.6 14.213 0.76900• 

PKG-6 granite 265.4 51.0 15.156 0.77353• 

PKG-II hornfels 22.3 228.7 

PKG-12 hornfels 38.2 222.2 

PKG-13 hornfels 55.7 173.4 

PKG-14 biotite-rich 

granite 247.8 58.7 12.276 

PKG-15 granite 313.9 60.6 15.077 

PKG-16 granite 293.9 47.4 18.080 

PKG-17 granite 308.0 41.9 21.439 

PKG-18 granite 286.5 47.6 17.551 

D 47 Dachgranit 276.6 54.7 14.716 

W 34 Dachgranit 280.3 59.6 13.683 

EG micropegmatitic 255.2 47.6 15.613 

Randgranit 

A 13 micropegmatitic 291.9 40.9 20.827 

Randgranit 

IS Ilsestein 232.8 39.6 17.104 

granite 

OG biotite granite 170.4 95.3 5.1850 

HG-69 quartz gabbro- 
norite 103.7 267.4 1.1230 

HG-II6 olivine gabbro- 
norite 32.3 203.7 

HG-349 gabbronorite 97.7 222.4 

0.28179 0.70981• 

0.49790 0.71143• 

0.93052 0.71420• 

0.76194• 

0.77366• 

0.78554• 

0.79870• 

0.78061• 

0.76727• 

0.76445• 

0.77401• 

0.79358• 

0.77153• 

0 . 7 3 4 6 3 z 0 . 0 0 0 2 2  

0.71578• 

0.45908 0.71404• 

1.2754 0.71700• 

Table 4. Rb-Sr  whole- rock and biotite data of  plutonic rocks of  the Upper  Harz  Mountains.  (bio = biotite). Brocken granite sample 
sites: PKG = K6nigskopf, D = Dreibrode Steine, W = Wurmberg,  EG = Eckertal,  A = Abbensteinkopf,  IS = Ilsestein. OG = 
Oker granite, HG = Harzburg gabbronorite.  

tical with the Rb-Sr whole-rock isochron age of the 
K6nigskopf profile and coincides with the Brocken 
granite ages of SCHOELL (1970a, b, 1972a, b) 1. 

The data point of the biotite-rich granite sample 
PKG-4, however, does not fall on the isochron of Fig. 
8. The whole rock isochron age of the K6nigskopf 
granite samples only (without the hornfels samples) 
is 282 + 6 Ma (Fig. 9) and is thus significantly lower 
than the K-Ar and Rb-Sr biotite cooling ages of 
SCHOELL (1970a, b, 1972a, b) 1 and the results from 
above. The linear arrangement of data points of the 
granitic samples seems to have been caused by re- 
equilibration of radiogenic Sr due to a later event. 

This interpretation becomes more obvious in Rb- 
Sr profile diagrams according to BACHMANN & 

GRAUERT (1986) for the rock profiles across the con- 
tact zone (Fig. 10). At about 293 Ma an adjustment 
of the Sr isotopic values seems to have occurred bet- 
ween the granite and a very narrow range of hornfels 
immediately adjacent to the contact. This is probably 
a result of an equilibration directly related to the in- 
trusion. Granite samples PKG-18 and PKG-17 as well 
as hornfels samples PKG-1, PKG-11 and PKG-12 
which are all at greater distances from the contact did 
not reach isotopic equilibrium at that time. 

From the profile diagrams it seems likely that the 
Sr isotopic ratios were equilibrated only among the 
g r a n i t e samples until about 282 Ma - which is 
the isochron age of the granite slabs at the contact. 
This may be due to the effect of (auto?)-metasomatic 
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Fig. 7. Rb-Sr isochron diagrams of the Bracken granite (main 
diagram) and Oker granite (inset diagram). Isochrons and 
numbered points with error boxes: data from SCHOELL (1970b, 
1972a, b). Dots (A13, PKG-6, EG, D47, W 34, IS and OG): data 
of this study with analytical errors smaller than the symbol sizes. 

volatile and fluid phases forming void filling 
minerals as tourmaline, epidote, desmine, fluorite 
etc. During crystallization of the Bracken granite 
magma up to 4 % of volatiles could have been releas- 
ed (SEIM, 1963). The compact hornfelses probably 
acted as impermeable wall rock and prevented 
volatilization of the magmatic residual fluids thus 
favouring local metasomatic processes. 

87Sr/86Sr 

080 17 - 

f= 293• Ha 
(87Sr/86Sr) I= 07102, 0.0002 ~ /  
MSW/3 --097 s . _ ~  "18 

075 Y k A +2aN 
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-1/ - z  i V O  
2 B 0708 m 17 

I /  

11 0706 - -  ~ 1% 1'5 2'0 
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Fig. 8. Rb-Sr isochron diagram of Bracken granite and hornfels 
samples of the contact zone in the Kanigskopf quarry. Inset 
diagram = error envelope. Complete sample numbers are labell- 
ed with the prefix PKG-. 

The phenomenon of Rb-Sr whole-rock ages 
significantly younger than Rb-Sr mineral ages or in 
other words rotation of isochrons is found to be a 
common feature tbr acid igneous rocks, e. g. Pro- 
terozoic granites of Wfirmland, southern Sweden 
(PERSSON et al., 1987), Variscan granites of the 
southern Schwarzwald, Germany (BROOKS et al., 
1970; WENDT et al., 1970; MOLLER-SOHNIUS et al., 
1976) and of the Erzgebirge, Germany (GERSTEN- 
BERGER, 1989), Permian rhyolites of the Schwarz- 
wald (SCHLEICHER et a l . ,  1983), Mesozoic granite- 
granodiorite of Sorkh-Kuh, central Lut, East Iran 
(TARKIAN et al., 1984). It is understood as due to 
autometasomatic processes by residual magmatic 
solutions with simultaneous Rb addition taking place 
several million years after the time of emplacement 
(e. g. GERSTENBERGER, 1989). 

6 . 4  O k e r  g r a n i t e  

Uranium concentrations of the zircons range 
from 320 to 650 ppm decreasing with increasing 
grain sizes (Table 2). 

The U-Pb data points of three zircon fractions are 
concordant or quasi-concordant at 295 _+ 2 Ma (Fig. 
5). This is in good agreement with the K-Ar biotite 
age of 292.5 _+ 0.9 Ma and the Rb-Sr whole-rock 
isochron age of 295 _+ 13 Ma (SCHOELL, 1972) 1). In 
contrast to these data the Rb-Sr biotite ages of 
304-310 Ma (SCHOELL, 1970b, cit. in MI]LLER & 
STRAUSS, 1987) 1) are unexplainably high. 

A Rb-Sr data point of an Oker granite sample 
(OG) measured for this study fits the 295 Ma 
isochron (Fig. 7) of SCHOELL (1972a, b). 

The coincidence of the age of zircon crystalliza- 
tion in the course of the granite emplacement with 
the biotite cooling age points to high level intrusion 
and consequently to fast cooling processes as is also 
evident from the position of the granite as small 
cupolas within Variscan sediments. 

According to the chemical and mineralogical 
composition (Table 1) and the initial S7Sr/S6Sr ratios 
(Table 5) the Brocken and Oker granite samples in- 
vestigated indicate S-type affinities. 

7. Conclusions 

A synopsis of isotopic ages of crystalline rocks of 
the Harz is presented in Table 5. Results of U-Pb zir- 
con and Rb-Sr isotopic investigations on these rocks 
are: 

(1) Inherited components in zircons of the Ecker 
gneiss and the Harzburg gabbronorite point to 
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Fig. 9. Rb-Sr error envelope diagram for an isochron through the 
data of only the granite samples of the K6nigskopf quarry with 
a slope corresponding to an age of 282 Ma. Complete sample 
numbers are labelled with the prefix PKg-. 
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primary Proterozoic ages of about 1.6 Ga, detrial, 
rounded zircons from hornfelses of the contact zone 
Brocken granite/hornfels in the K6nigskopf quarry 
contain 1.8 to 2.2 Ga old constituents. 

(2) An event at about 560 Ma severly affected zir- 
cons of the Ecker gneiss and may be interpreted 
either as the prominent metamorphic overprinting of 
this complex during ,,Cadomian<< orogeny or as an in- 
herited age of the source area of the detrital zircons. 

(3) Another event affecting the Ecker gneiss at 
392 Ma - whose real nature, however, is yet unclear 
- was dated by SCHOELL et al. (1973) 1) by means of 
a Rb-Sr whole-rock isochron. Emplacement of 
voluminous basaltic magmas and associated fluid ac- 
tivity could be responsible for the resetting of the Rb- 
Sr system. Isotopic ages between 370 and 400 Ma - 
corresponding to the Acadian event - are well- 
known from other European Variscan fold belts. 

(4) K-Ar and Rb-Sr mineral and whole-rock ages 
of the Oker granite pluton (293 to 295 Ma) and the 
Harzburg gabbronorite complex (289 to 296 Ma) 
obtained by SCHOELL (1970a, b, 1972a, b)D were 
confirmed by concordant U-Pb ages of zircons: 
Oker granite 295 + 1 Ma, Harzburg gabbronorite 
294 + 1 Ma and a lower intercept age of slightly 
discordant zircon data of the Harzburg gabbronorite: 
293 _+ 2 Ma. These data set up narrow intrusion age 
limits and document short cooling histories of the 
plutonites emplaced in shallow crustal levels. 

(5) In the case of the Brocken granite the U-Pb 
data of zircons and Rb-Sr isotopic data yielded only 
partially consistent age informations. The zircons of 
the Brocken granite recorded a complex history in- 
volving probable incorporation of inherited com- 
ponents, new growth during granite emplacement 
and recent lead loss due to uplift of the Harz. New 
Rb-Sr data of whole-rock samples from different 
sites of the Brocken granite complex are scattered 
and do not allow to calculate a meaningful age. 
However, dating of the Brocken granite intrusion was 
possible by investigations of samples from two pro- 
files across a granite-hornfels contact zone. A Rb-Sr 
granite-hornfels whole rock isochron yields an age of 
293 + 3 Ma which is identical with the Rb-Sr biotite 
age of a sample from the immediate contact (293 _4- 5 
Ma). Indirect dating of the Brocken granite intrusion 
was also possible with zircons (296 _+ 1 Ma and 
297 + 4 Ma) of contact metamorphic hornfels 
samples. These ages coincide with those of the 
Brocken granite of SCHOELL (1970a, b, 1972a, b)D: 
298 _+ 12 Ma (Rb-Sr whole-rock isochron age), 
298 _+ 4 Ma (Rb-Sr biotite age) and 290 + 2 Ma 
(K-Ar biotite age), respectively. 

(6) The present isotopic age data do not allow to 
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dist inguish different  intrusion ages o f  the Harzbu rg  
gabbronori te ,  Brocken  granite  and Oker  granite. 
They  rather  d o c u m e n t  near ly  synchronous  or igin  o f  
the three independent  intrusive complexes .  The  ap- 
proximate ly  con temporaneous  fo rmat ion  and spatial 
vicini ty o f  the plutonic  bodies  points  to a c o m m o n  
geotectonic  t r igger  effect for  the ascent  o f  the 
magmas .  This mus t  have also forced the ascent  o f  the 
Ecker  gneiss complex  now squeezed in as an 
a l lochthonous  slab be tween  the Harzbu rg  gab-  
bronor i te  and the Brocken  granite. 

(7) Rb-Sr  data o f  the granite samples  f r o m  the 
Brocken  grani te-hornfels  contact  d o c u m e n t  local  

resett ing o f  the Rb-Sr  system > 10 M a  after the 
granite emp lacemen t  due  to the effect o f  
au tometasomat ic  (?) volatile and fluid phases.  
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