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226Ra and #*'Pa systematics of axial morb, crustal
residence ages, and magma chamber characteristics
at 9-10°N East Pacific Rise
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Introduction

Mass spectrometric measurements of 2°Th-22Ra
and 2**U-?*'Pa disequilibria for axial basalts are
used to determine crustal residence ages for
MORB magma and investigate the temporal and
spatial characteristics of axial magma chambers
(AMC) at 9-10°N East Pacific Rise (EPR).
Relative crustal residence ages (eruption +
magma chamber residence a§es) can be calculated
from variations in 2?Ra/>°Th and 2*'Pa/***U
activity ratios for axial lavas, if 1) mantle sources
and melting are uniform, and mantle transfer
times are constant or ra&pid for axial N-MORB,
and 2) 2'Pa/>°U and ***Ra/?*°Th in the melt are
unaffected by shallow level fractional crystal-
lization. Uniform Th, Sr, and Nd isotopic
systematics and incompatible element ratios for
N-MORB along the 9—10°N segment (Goldstein
et al., 1993; Harpp et al., 1990; Batiza and Niu,
1992; Perfit et al, 1991) indicate that mantle
sources and transfer times are similar. In addition,
estimated bulk solid/melt partition coefficients for
U, Th, and Pa are small, hence effects of fractional
crystallization on 23'Pa/?*>U ratios for the melt are
expected to be negligible. However, fractional
crystallization of plagioclase in the AMC would
lower 22°Ra/?*"Th ratios in the melt and produce a
positive bias in 22°Ra crustal residence ages for
fractionated lavas.

Results

Based on initial data, 22°Ra/>**Th activity ratios
for N-MORB recovered from along the axial
summit caldera range from ~2.8 to 2.0. Highest
226Ra/'Th (2.8) and 2'Pa/B5U (2.71) activity
ratios are found for relatively mafic lavas
(Mg#=64) at the recently erupted tubeworm
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BBQ site at 9°50'N, whereas lower 22°Ra/*°Th
(2.0-2.2) and B'Pa/?5U (2.54-2.64) activity ratios
are characteristic of more fractionated samples
(Mg#= 58-62) from the remainder of the segment.
The variations among axial samples correspond to
crustal residence age differences of 0-1.4 + 0.2 ka
for °Ra and 0—5 + 2 ka for »*'Pa.

Two subsurface (0-6.6m deep) samples from
the ODP Leg 142 site (9°31'N) have progressively
lower 2°Ra/®*°Th and **'Pa/**°U ratios than
surface samples at this location. The variations
between surface and sub-surface samples of the
‘ODP flow’ correspond to differences in crustal
residence age of up to 0.7 ka for 22Ra and 1 ka for
B1p,, These results indicate that this relatively
chemically homogeneous unit is composed of lavas
with distinct eruption and/or magma chamber
residence ages. Because the exact depth of the
subsurface samples is not known, and only a few
samples from a very limited depth range were
analyzed, only a rough estimate for the vertical
accumulation rate (> ~ 10 m/ka) can be obtained
from these data. In comparison, a steady-state
value of 30 m/ka can be calculated based on the
present width of the axial summit caldera and
estimates of the thickness of seismic layer 2A
(Christeson et al., 1992).

Discussion
In comparing 2°Ra and ?*'Pa crustal residence
ages, it is apparent that >*°Ra ages are about an
order of magnitude more precise. This reflects the
more approrpriate half-life of ?*Ra (1.6 ka)
relative to 23"Pa (33 ka) for dating axial magmatic
processes. Differences between “°Ra and *'Pa
crustal residence ages for surface lavas are small,
but lie slightly outside estimated errors at the 2-
sigma level. These slightly discordant ages are
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most likely due to subtle variations in initial
B1pa/23%U along axis, but could also reflect
additional processes fractionating **Ra/**°Th or
21pa 235 in magma chambers. On this time scale,
226Ra ages are much less sensitive to small source
variations or magma chamber fractionations, and
so “°Ra ages should generally be more accurate
than 2*!'Pa ages. However, effects of plagioclase
crystallization on 2?Ra ages can be significant,
and so 2*°Ra age differences are likely an upper
limit.

Estimates of eruption age based on sediment
cover and lava appearance are mostly <100 a for
the axial lavas (Haymon et al., 1991), consequently
most of the variation in **Ra and *'Pa crustal
residence age for surface samples can be attributed
to differences in AMC residence time. Absolute
AMC residence ages for MORB lavas can be
calculated by extrapolation of the *Ra/?**Th and
231pa/233U data to zero crystallization at
Mg#="71. Assuming a linear relationship
between melt residence time and extent of
crystallization, initial 2°Ra/?*°Th and 2*'Pa/?*5U
activity ratios for unfractionated lavas are 3.6 and
2.9, respectively. Based on these initial activity
ratios, AMC melt residence times for the axial
lavas range from 0.9-2.3 ka for 2?°Ra and 4-9 ka
for 3'Pa, with typical values of 2 ka for >**Ra and
6 ka for *'Pa. If crystallization rates increase with
extent of crystallization and AMC age, then initial
226Ra/*°Th and 2*'Pa/**U ratios and AMC melt
ages will be greater than those determined for the
linear crystallization model.

Average crystallization and cooling rates from
the ?*'Pa and ?*°Ra data are 6—24%/ka and 8-
30°C/ka, respectively. The crystallization rates are
consistent with crystal growth rates on the order
of 107" cmy/s, at least 2 orders of magnitude
smaller than values measured for Hawaiian lava
lakes (Kirkpatrick, 1981; Cashman and Marsh,
1988). Using the lava lake crystal growth rates,
AMC melt residence times of <2 a are obtained
from plagioclase phenocryst zonation for lavas at
9°31'N EPR (Brophy and Allan, 1993). However,
AMC residence times of ~10 ka have been
estimated based on thermal modeling of a large,
hydrothermally cooled AMC (Lister, 1983).
Model 2*Ra and *'Pa AMC residence times are
similar to ?*Ra dates of ~ 3 ka for recently
erupted plagioclase phenocrysts from continental
calc-alkaline magmatic systems such as Mt.
Erebus (Reagan et al., 1992) and Mt. St. Helens
(Volpe and Hammond, 1991).

Melt volumes can also be approximated from
this model, assuming a steady-state AMC. For
typical melt residence times of 2 ka for >*Ra and 6
ka for *'Pa, average steady state AMC melt
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volumes are 1 and 4 km®/km ridge, respectively.
These estimated steady-state melt volumes are
smaller than estimated melt volumes for the entire
AMC (melt lens + mush zone + transition zone)
of ~4-6 km®/km ridge based on recent seismic/
petrologic (Sinton and Detrick, 1992) and
ophiolitic models (Nicolas et al., 1993). However,
theg are larger than estimated volumes of ~0.5
km’/km ridge for the melt lens alone. These
differences in melt volume may indicate limited
mixing between the melt lens and mush/transition
zones of the AMC, with erupted lavas derived
primarily from the melt lens. Inefficient mixing
between different parts of the AMC is also
suggested by the variation in crustal residence
ages along axis as well as seismic and geochemical
data. The ?*Ra data, and to a larger extent the
231pa data, are broadly consistent with a
segmented magma chamber and crustal accretion
model in which highest supply rates and lowest
crustal residence times are found at bathymetric
minima.
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