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The onset and origin of differentiated Rhine Graben volcanism based
on U-Pb ages and oxygen isotopic composition of zircon
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Abstract: Ion microprobe U-Pb zircon ages for late (phase II) syenite dikes of the Katzenbuckel (SW Germany) average 69.6 ±
1.9 Ma (mean square of weighted deviates MSWD = 0.36; number of spot analyses n = 9; 2σ error) and represent a minimum
age for the emplacement of earlier, volumetrically dominant phonolites and nepheline syenites (phase I). This age is ∼ 13 and
6 Ma older than previously published K-Ar whole-rock and bulk biotite ages for phase I rocks, respectively. Because of close
chemical affinities in magma composition and the small volume of the Katzenbuckel subvolcanic intrusion, zircon crystalliza-
tion in phase II syenite dikes presumably only shortly postdates phase I magmatism. Trachytes from the Northern Upper Rhine
Graben (Sprendlinger Horst, Wetterau) yielded similar U-Pb zircon ages of 68.1 ± 1.4 Ma (MSWD = 2.2) and 70.3 ± 1.6 Ma
(MSWD = 0.4), respectively. Zircon oxygen isotopic ratios of Katzenbuckel indicate primitive mantle-like compositions, whereas
Sprendlinger Horst and Wetterau trachytes zircons show minor crustal contamination. The investigated differentiates rank among
the oldest known post-Permian igneous rocks in the Northern foreland of the Alpine collisional belt, and are contemporaneous with
recently dated lamprophyres in the Northern Rhine Graben area. This suggests that a short (< 1–2 Ma) but regionally widespread
magmatic pulse occurred along the E and NE flanks of the nascent Rhine Graben rift as early as Late Maastrichtian.
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1. Introduction

Anorogenic magmatism in the Northern foreland of the
Alps occurred in close spatial proximity to large-scale
lithospheric rift structures (e.g., Rhine Graben; Dèzes &
Ziegler, 2004; Ziegler & Dèzes, 2005; Wilson & Downes,
2006) and was widespread throughout the Tertiary and
Quaternary (Fig. 1). In the case of the most extensive of
these rift structures, the Rhine Graben and adjacent ar-
eas, volcanic centres comprise isolated plugs (e.g., Katzen-
buckel), broadly defined fields with dispersed isolated
vents (e.g., Urach-Hegau) or more complex shield volcano
systems (e.g., Vogelsberg; Fig. 1). Magma compositions
are extremely variable (e.g., Wedepohl et al., 1994; Wilson
& Downes, 2006) and include carbonatites (Kaiserstuhl),
sodic alkaline suites (melilitites, nephelinites, basanites
and alkali olivine basalts: e.g., Katzenbuckel, Sprendlinger
Horst), and quartz-tholeiites (Vogelsberg). Differentiates
such as phonolites and trachytes are also common, either
directly associated with basalts, or as isolated occurrences
(e.g., Sprendlinger Horst; Wedepohl et al., 1994).

From the interpretation of spatial and temporal patterns
of volcanism, two end-member scenarios have been pro-
posed for the geodynamic processes that triggered rifting

and recurrent volcanism throughout the Tertiary (or earlier)
and Quaternary: (1) impact of a mantle plume or complex
plume fingers (e.g., Duncan et al., 1972; Wilson & Downes,
1992), or (2) regional stress variations caused by far-field
effects of the Alpine collision (e.g., Wilson & Downes,
2006). Both scenarios could work hand in hand, and are
not mutually exclusive: the presence of hot plume mate-
rial may thermally enhance mantle fertility and magma as-
cent through the lithosphere may be facilitated by compres-
sional stress relaxation (Wilson & Downes, 2006).

Evaluating the potential mechanisms that control intra-
plate volcanism in Central Europe, however, requires a
solid geochronological framework. For the Rhine Graben
area, ages for the onset of volcanism have recently been
contested (Keller et al., 2002). The existing age data for
Rhine Graben volcanics are to a large extent based on K-
Ar determinations from the 1960’s and 1970’s (summa-
rized by Lippolt, 1983). There have been instances where
40Ar/39Ar single-crystal analyses yielded ages ∼ 40 Ma
younger than previously published K-Ar ages, presumably
caused by K-loss during alteration (Keller et al., 2002).
Only few studies so far have harnessed the potential of high
spatial resolution ion microprobe (secondary ionization
mass spectrometry, SIMS) U-Th-Pb dating of accessory
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