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Argon in Mid-Atlantic Ridge gabbros with old zircons (Kane area) and
their Ar model ages

Argon in Gabbros (mit alten Zirkonen) des Kane-Gebiets im Mittelatlantischen
Rücken und ihre Ar-Modell-Alter

HANS J. LIPPOLT, (Heidelberg), JOACHIM PILOT, (Freiberg), WINFRIED H. SCHWARZ, (Heidelberg)

Abstract

About 1 Ma old gabbros from Leg 153 (northern Mid-Atlantic Ridge/Kane area) contain zircons with apparent Paleozoic and
Proterozoic ages. Separates of  plagioclase and pyroxene from three gabbros (K: c. 700–130 ppm) were investigated by the
incremental 40Ar/39Ar heating technique, in order to check whether the existence of  the old zircons is accompanied by peculiar
argon isotope compositions. The argon consists of  extraneous and atmospheric argon. The non-atmospheric argon of  the minerals
is two orders of  magnitude higher than expected from their age. The 40Ar/36Ar ratios of  the total argon extracted are between 380
and 330. The plagioclases yielded saddle shaped and the pyroxenes (rising) staircase 40Ar/36Ar spectra showing minima of  c. 240 to
326. Apparent 40Arrad and 39ArK degas disproportionally.

The plagioclase 40Ar and 36Ar degassing rates show deep saddles as well, indicating inhomogeneous argon incorporation by the
plagioclase which causes the typical saddle shapes of  the plagioclase age spectra (40Arrad/39ArK). The 40Ar/36Ar spectrum shapes
of  the pyroxenes indicate tightly bound excess argon.

Argon components free of  excess argon point to a young age of  three of  the samples. Although the total-argon model 40Ar/
39Ar ages, which are upper age limits for the cooling of  the intrusive rocks, are between 70 and 500 Ma, model step age minima are
about zero age for the plagioclases and one of  the pyroxenes, respectively 320 Ma for the other pyroxene, accidentally coincident
with its zircon age.

The sources of  the extraneous argon probably are both magmatic and alteration fluids. The argon isotopes are not helpful in
regard of  the zircon enigma. Potassium-argon dating prospects for such rocks are bad but not hopeless.

Kurzfassung

Gabbros von Leg 153 im nördlichen Mittelatlantischen Rücken (Kane-Gebiet), ca. 1 Ma alt, enthalten Zirkone mit paläozoischen
und proterozoischen Alterswerten. Plagioklas und Pyroxen aus drei Gabbros (Kalium: 700 bis 130 ppm) wurden mit der
Stufenentgasungs-40Ar/39-Technik untersucht, um herauszufinden, ob die Gesteine mit alten Zirkonen eine besondere Argon-
Isotopen-Verteilung aufweisen. Das radiogen aussehende Argon in den Mineralien ist zwei Größenordnungen höher als es dem
Gesteinsalter entspräche. Die 40Ar/36Ar-Spektren der Plagioklase sind sattelförmig, die der Pyroxene treppenförmig ansteigend
(Minima: circa 240– 326). Die mittleren 40Ar/36Ar-Verhältnisse liegen zwischen 380 und 330. Auch die 40Ar- und 36Ar-Mengen-
Spektren der Plagioklase haben Sattelform. Modell-40Arrad and 39ArK entgasen unabhängig voneinander. Das Argon besteht offen-
bar aus atmosphärischem und Überschussargon. Die Argon-Komponenten der Entgasungschritte ohne 40Ar-Überschuß von drei-
en der Proben weisen auf  sehr junge Alter hin.

Die Ursache der typischen Sättel der Plagioklas-Altersspektren liegt sicherlich in der Sattelstruktur der Entgasung von 40Ar
und 36Ar, die auf  inhomogene Ar-Verteilung innerhalb der Plagioklase zurückzuführen ist. Die Form der 40Ar/36Ar-Spektren der
Pyroxene legt nahe, dass ihr Exzessargon fest gebunden ist.

key words: Gabbro, plagioclase, pyroxene, inherited zircons, Mid-Atlantic Ridge, 40Ar/39Ar dating, saddle shaped
spectra, model ages, extraneous argon, alteration age
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Obwohl die integrierten 40Ar/39-Modellalterswerte, die als obere Grenzwerte für die Abkühlung der Gesteine nach der Intrusion
angesehen werden können, zwischen 70 und 500 Ma liegen, sind die minimalen Stufen-Modellalterswerte für die Plagioklase und
einen der Pyroxene nahe Null und für den anderen Pyroxen 320 Ma, zufällig in Übereinstimmung mit dem Zirkonalter. Als
Quellen des Überschussargons müssen sowohl magmatische als auch Alterations-Fluide angesehen werden. Die Argon-Isotopie
trägt zur Lösung des Zirkon-Rätsels nichts bei. Die K-Ar-Datierungschancen solcher Gesteine sind schlecht, wenngleich nicht
aussichtslos.

1. Introduction

Zircon crystals with unexpectedly high radiogenic ages
have recently been discovered in rocks of  a peridotite-
gabbro-harzburgite complex on the western wall of  the
Mid-Atlantic Ridge valley (c. 23° N, 45° W, S of  the cros-
sing MAR/Kane transform fault, cf. Fig. 1) in the western
Central Atlantic (PILOT et al. 1998). Although occurring
in apparently young rocks (c. 1 Ma), exhumed from greater
depth by faulting, the zircons from three different rocks
have lead-lead and lead concordia upper intercept ages of
about 0.3 and 1.6 Ga. These high ages, reproduced by
various analytical U - Pb dating techniques, suggested that
the zircons have preserved their isotopic record under ex-
treme conditions which might be considered likely to erase
any inherited isotopic lead information. Nevertheless
zircons from harzburgites yielded ages of about 1.6 Ga
(BAUMANN et al. 2000) whereas euhedral zircons from
alteration zones, schlieren and veins in these rocks
revealed ages as young as 1.2 Ma (PILOT et al. 2000). In
contrast with the zircon results Sr, Nd and Pb isotopic
measurements on mafic plutonic rocks of the complex did
not yield any isotopic signatures which could be connected
with the existence of the old zircons (BARLING et al. 1997,
KEMPTON & HUNTER 1997).

Based on earlier observations (BONATTI & CRANE
1982, RABINOWICZ et al. 1984) PILOT et al. (1999) pro-
pose two possible explanations for the preservation of  the
high zircon ages. Both hypotheses assume incomplete
assimilation of  old continental rocks. There have been a
number of  previous reports of  unexpectedly older ages in
rocks from the mid-Atlantic ridge (BONATTI et al. 1979,
1996, KEPEZHINSKAS & DIMITRIEV 1992, TRUKHALEV
et al. 1990, BONATTI 1990, BELYATSKII et al. 1997).These
authors derived their evidence mainly from 87Sr/86Sr and
K-Ar work on lherzolites, metagabbros and granite-
gneisses and from stratigraphic relations (to Lower-Creta-
ceous deposits), respectively. Isotopic results of  MELSON
et al. (1972) and OZIMA et al. (1976) also favor the exis-
tence of  old rocks in young spreading areas, rather than
these being ice-rafted continental rocks.

K-Ar dating, the most frequently applied dating
method for basic rocks (DALRYMPLE & LANPHERE 1969),
is also suitable for investigating the history of  MOR rocks.
However, mid-oceanic ridge lavas and other volcanic
rocks from the deep oceans often carry an extraneous

component of  common argon from the upper mantle
which differs in its composition from atmospheric argon
and makes age calculations questionable, even if  the 40Ar/
39Ar step degassing technique is applied (MCDOUGALL &
HARRISON 1999, pp. 33–34). Moreover, distortion of the
dating system by rock alteration often obscures data inter-
pretation.

MOR rocks, mainly made up of plagioclase and
pyroxene, are normally poor in potassium (often only
some hundred ppm, e.g. WERNER & PILOT 1997). Low
K contents together with young eruption ages of the
rocks imply that only very little radiogenic argon is pre-
sent and other argon components easily conceal the
radiogenic age information. It is likely that only extra-
neous argon is measurable (e.g. MOREIRA & ALLÈGRE
2002) and thus excess argon ages are determined.
However, GILLOT (1990) (cf. KARSTEN et al. 1990) and
DUNCAN & HOGAN (1994) were able to obtain reliable
potassium-argon dates for young MOR basalts using
special analytical techniques. Their success shows that the
dating obstacles “Extraneous argon” and “Small radio-
genic argon contents” may be overcome (cf. also BATIZA
et al.1987).

Gabbros and similar basement rocks from deep sea
occurrences have not yet been investigated except for a
low-K gabbro (K: c. 80 ppm) from the DSDP leg 37 at
the Atlantic ridge SW of the Azores (with an assumed age
of c. 10 Ma) which showed an 40Ar/39Ar excess age
spectrum decreasing from 600 Ma down to 130 Ma (REY-
NOLDS & CLAY 1977). As a second exception possibly
Upper Cretaceous gabbros and diabases from ODP leg
180 in the Woodlark Basin, Papua New Guinea, could be
taken (MONTELEONE et al. 2001). They were not con-
spicuous because of  high amounts of  extraneous argon
but of  interest because of  isotopic alteration and slow
cooling phenomena yielding degassing patterns similar to
extraneous argon saddle spectra.

The meaning of  a K-Ar date of  a plutonic mid-ocean
ridge rock exposed and exhumed by tectonism is not self-
evident, because the rock might have crystallized much
earlier than indicated by its present location on the ridge.
Because K-Ar dates are primarily the age of  exposure of
the rock to a level where radiogenic Ar accumulation is
possible, such ages are at best cooling ages registering an
“age” somewhere between the ages of  intrusion and
uplift.


