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The dissolution of hydrogen and
carbon in reduced silicate melt
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The transport of volatile constituents from planetary
interiors to surfaces provides the primary supply of material
for the upper layers of the Earth and atmospheres. The major
factor controlling that transport is the solubility of volatile
species in magmas and the oxido-reduction evolution of the
magma relative to their mantle sources. The iron-bearing
silicate melt (ferrobasalt) + iron metallic phase + graphite +
hydrogen equilibrium have been considered in this study to
demonstrate that the carbon and hydrogen solubility in melt
may have important implication for formation of volatiles in
terrestrial magmas. The experimental conditions (3.7GPa,
1520 -1600oC) and hydrogen and oxygen fugacities (∆log fO2

(IW) = -2.32±0.06), correspond to the reduction of part of the
FeO which release oxygen in the silicate liquid. The speciation
of the C- and H- components in quench glasses has been made
using Infrared and Raman spectroscopy techniques. The water
concentration has been obtained by ion microprobe and by
stepwise heating extraction. The last technique gave also the
carbon content. It has been established that the liberated
oxygen was consumed mainly to oxidized hydrogen into OH-,
and to much lesser extent H2O. Only traces of CO2 and CO3

2-

were formed. Dissolved carbon is mainly present as atomic
carbon or amorphous carbon. The spectrum also suggested
that the network units contain Si-C bonds. The amounts of C
and H dissolved in melts are particularly low. Carbon
solubility remains about one order of magnitude less than that
of water (about 2 wt% H2O and 0.2 wt% C). In the light of
experimental data it appears that a large scale melting of
terrestrial matter (an early magma ocean) is certainly
associated with the formation of melts containing oxidised
forms of hydrogen, albeit the early Earth was likely a reducing
environment. At the same time, it was found that the relative
proportion of reduced carbon, CO2 and CO3

2- ion, in a silicate
liquid, was essentially dependent on fO2.

A wiggle-matching technique applied
to the dating of damaged cave

deposits and compilation of a long-
term paleoseismic record, Soreq

Cave, Israel
E.J. KAGAN 1, 2; M. BAR-MATTHEWS 2; A. AYALON 2;

AND A. AGNON 1

1Institute of Earth Sciences, The Hebrew University,
Jerusalem (elisak@pob.huji.ac.il; amotz@cc.huji.ac.il)

2Geological Survey of Israel, 30 Malkhe Israel St., Jerusalem
(matthews@mail.gsi.gov.il; ayalon@mail.gsi.gov.il)

An innovative wiggle-matching dating technique is
applied to a paleoseismic study performed in two caves near
Jerusalem, Israel. Among them, the Soreq Cave has been
intensely dated using U-Th TIMS method and shows
continuous cave deposit (speleothem) growth for at least 185
kyr. High-resolution composite δ18O and δ13C profile was
prepared for paleoclimate research (Bar-Matthews et al., 2000;
Ayalon et al., 2002). Research of past earthquakes, typically
retrieving records from soft sediment deformations, can
benefit from the study of rockfalls and damaged speleothems.
Dating of collapses and the speleothems overgrowing them
constrain the dates of earthquakes. The caves, located 60 km
west of the Dead Sea Transform (DST), record earthquake
damage associated with DST earthquakes and, possibly,
smaller local intraplate events.

One of the difficulties in accurately dating paleo-
earthquakes using U-Th methods is the relatively large amount
of calcite needed, which distances the sample material from
the tectonic contact, and causes the age to be an average of
many years of growth. In addition, to avoid contamination
from the collapse there is a need to extract material at some
distance from the contact (the boundary between collapse and
regrowth).

 In order to obtain an age as close as possible to the age of
the tectonic event we first estimate the age by U-Th dating of
the laminae on both sides of the contact. We then compared
the high-resolution δ18O and δ13C profile for each collapse
sample with the densely-dated δ18O and δ13C profiles of the
Soreq Cave. The isotopic data point, 0.5 mm from the contact,
enables us to accurately date the event.

Thirty-nine collapses were dated, of which at least 15
separate events were identified. Of the Holocene events, all
correlate with archeologically and geologically recorded
earthquakes. Of the 6 events between 70-20 ka, 5 correlate
with lacustrine seismites in the Lisan Formation (paleo-Dead
Sea). Events older than 70 ka are, at present, the only
paleoseismic record of its age studied in the region.
References
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light-induced redox cycling of iron in

surface waters
E. KAISER1, B. SULZBERGER1, L. EMMENEGGER2 AND

L. SIGG1

1 Swiss Federal Institute for Environmental Science and
Technology, CH-8600 Dübendorf, Switzerland

2 Swiss Federal Laboratories for Material Testing and
Research, CH-8600 Dübendorf, Switzerland

Chemical Characterisation of Biogenic Substances
Dissolved biogenic substances occurring in surface waters

are complex mixtures of high- and low-molecular weight
dissolved organic matter (HMW DOM and LMW DOM,
respectively), and of hydrophilic and hydrophobic substances.
We have characterised DOM fractions gained by ultrafiltration
(1 kD) and C18 solid phase extraction of water samples taken
from the River Tagliamento, Italy, by using spectroscopic
methods including multidimensional solution-state NMR
(Kaiser et al., submitted).

Effect of DOM Fractionation on the Light-Induced
Redox Cycling of Iron

Irradiation of HMW and LMW DOM (from water samples
longitudinally and seasonally collected from the River
Tagliamento) with simulated sunlight resulted in the formation
of Fe(II). Iron(II) steady-state concentrations (normalised to
DOC concentration) were significantly higher in irradiated
HMW DOM fractions than in irradiated LMW DOM
fractions. This phenomenon may be explained by either Fe(II)
being more efficiently formed in the presence of HMW
substances and/or Fe(II) oxidation occurring faster in the
presence of LMW substances.

Effect of DOM Origin on the Light-Induced Redox
Cycling of Iron

Irradiation of unfiltered water samples from two Swiss
lakes, Melchsee and Greifensee, with simulated sunlight
revealed considerably faster kinetics of both Fe(II) formation
and Fe(II) disappearance (after the light-source was turned
off) in Melchsee than in Greifensee water, although Fe(II)
steady-state concentrations were similar. Mathematical kinetic
modelling and comparison with these experimental results
suggest that superoxide is a key intermediate in the light-
induced redox cycling of iron in these two lakes, and that
superoxide steady-state concentrations are considerably higher
in Melchsee than in Greifensee (Emmenegger et al., 2001).
DOM present in the oligotrophic Melchsee is largely
terrestrial-derived, whereas in the eutrophic Greifensee it is
algal-derived.

References
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Kaiser E., Simpson A.J., Dria K.J., Sulzberger B. and Hatcher
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Bacterial sulfate reduction rates (SRR) in samples from
three sites from the Nankai Trough, an accretionary wedge off
Japan (ODP Leg 190), were directly assessed by injecting
radiolabeled 35SO4 and measuring its turnover to reduced
sulfur.  At Sites 1173 and 1174 sulfate was depleted within the
first few meters below the sea floor and reappeared at 200 m
and 600 m respectively. SRR, however, were only measurable
in the surface sediments. In contrast, Site 1177 exhibited
significant sulfate turnover at depths of 500 to 700 m (up to
400 pmol/cm3/d). These depths comprise a turbidite sequence
containing both high organic carbon content and near seawater
concentrations of sulfate.  These results are surprising in light
of the age (10 - 15 Ma), and terrestrial provenance of the
organic facies. For comparison we will also present sulfate
reduction rates on samples just obtained from the Peruvian
Continental Margin  (ODP Leg 201) - sediments dominated by
high marine productivity.
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How unradiogenic is Pb in the core?
No limits to core-mantle exchange

BS KAMBER, R SCHOENBERG, KD COLLERSON

ACQUIRE, University of Queensland, St. Lucia, Qld 4072,
Australia (kamber@earth.uq.edu.au)

Interpretation of modern mantle melts with high
186Os/188Os and 107Ag/109Ag ratios as having a core-derived
component is met by scepticism by those who expect the core
to contain very unradiogenic Pb. Here we test in how far the
paradigm of the core as a major reservoir of unradiogenic
terrestrial Pb is supported by the latest constraints and data on
core formation.

Two related issues need to be considered. Firstly, how
much Pb is the core likely to contain and secondly, is the Pb
really unradiogenic? With regard to the first question, we note
that postulation of a Pb-rich core was based on the assumption
that the Earth accreted with an U/Pb ratio similar to
carbonaceous chondrites (CC). Estimates of CC U/Pb ratios
from direct measurements and by inference of Pb-isotopes
indicate that the bulk Earth should have a present-day
206Pb/204Pb ratio below 12. Mass balance would thus require
that a large proportion (>75%) of the terrestrial Pb resides in
the core or was lost during hydrodynamic escape. However, it
is now widely agreed that the composition of the bulk Earth
cannot be approximated by that of a single class of meteorite.
It is significant that all other types of chondrites contain
substantially more radiogenic Pb than CC. It will be shown
that this radiogenic Pb is not an artefact of terrestrial
contamination but an original feature of these meteorites.
Because the inferred U/Pb of most ordinary and enstatite
chondrites is similar to that of the silicate Earth there is no a
priori reason to suspect the core to be particularly enriched in
Pb.

The low terrestrial U/Pb paradigm was further cemented
with the view that core formation provided a solution to the
first terrestrial Pb-isotope paradox, because, as will be
demonstrated, only very low bulk Earth U/Pb permit mean
core formation times of <200 Ma. However, our new W-
isotope data for the Allende CC show that core formation and
accretion were very rapid processes (<40 Ma). Hence, core
pumping even in a low U/Pb Earth does not provide a valid
solution to the first Pb-isotope paradox nor does it help to
constrain the bulk Earth U/Pb.

Published and new measurements of Pb-isotope ratios and
Pb content in iron meteorites demonstrate that many contain
substantial proportions of radiogenic Pb and that the Pb
content is too low to support substantial fractionation of Pb
during silicate/metal segregation. Although much of the
radiogenic Pb appears to be unsupported by U and Th, the
possibility remains that at least the outer core could contain
relatively radiogenic Pb.

In summary, the lack of unradiogenic Pb cannot be quoted
as evidence against a core component in the source of mantle
melts with high 186Os/188Os and 107Ag/109Ag.

Melt immiscibility in granite: a
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Magmatic-hydrothermal transition is commonly regarded
as a separation of metal-bearing fluid phases from crystallising
felsic magmas. However, the geological record of these fluid
phases is extremely poor due to their transient nature resulting
from continuous dissipation or evolution towards typical
hydrothermal solutions. Constraints on the nature of the
“missing link” in the orthomagmatic processes are derived
from the study of primary melt inclusions in quartz from the
Omsukchan granite (Industrialnoe Sn-deposit, NE Russia).

Recrystallised melt inclusions at room temperature show
two major coexisting types: aluminosilicate inclusions
composed of crystal aggregates, deformed vapour bubble(s) +
cubic mineral (halite), and brine (“salt” melt) inclusions
consisting of 3-5 translucent crystals, large vapour bubble,
interstitial aqueous solution + opaque phase. Brine inclusions
are usually smaller in size (<20 µm) and have spherical shape.
Heating of silicate melt inclusions results in formation of
homogeneous glass and bubble dissolution at 850-950oC. In a
significant number of silicate melt inclusions the melting
reveals the presence of numerous spherical segregations
(globules) that may or may not coalesce at high temperatures.
When quenched these globules appear to be similar to salt
melt inclusions. Their behaviour during heating is also similar:
first melting occurs at 150-200oC, last crystal disappears at
680-800oC, and they homogenise by bubble dissolution at
790-900oC (figure shows heating of salt globules in previously
heated silicate melt inclusion).

This study suggests that at final stage of the evolution of
the granitic magma immiscibility between silicate melt and
essentially non-silicate, volatile-enriched salt melt happened.
Both melts were coexisting in the magma chamber and were
trapped in crystallising quartz as individual phases and as their
mixture. As the granite-derived salt melt has low viscosity and
remains unsolidified at granite subsolidus temperatures and
well beyond, it may escape the waning magmatic system and
act as a parent to syn- and postmagmatic hydrothermal fluids.
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Fingerprinting early continental
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Questions concerning the formation of the earliest
continental crust and its characteristics are highly debated but
remain unclear. Does the scarcity of Archaean crust reflect a
continuous growth of continental crust with time or very
effective destruction? Do different geochemical characteristics
mirror different crustal provinces and hence different
mechanisms of crust formation? The K-Ca isotope system is
highly suitable to address these problems due to: i) the short
half-life of 40K, decaying to 40Ca, compared to the age of the
Earth results in non-linear growth of 40Ca, ii) the Ca isotopic
composition of the mantle remains effectively constant
because of its very low K/Ca ratio, and iii) K and Ca are
strongly fractionated during crust formation processes.

We analysed ~3.6 Ga old felsic and mafic rocks from
different Archaean Cratons. The Ca isotopic compositions of
plagioclase and titanite separates in addition to the whole
rocks were measured using the Finnigan-Triton TIMS. Ca is a
major component in plagioclase and titanite, which are also
characterised by low K/Ca. Therefore, both minerals should
reflect the initial Ca isotopic composition of the source. The
Ca isotope data show a clear distinction of the different
Archaean provinces. TTGs from Zimbabwe show a Ca
isotopic composition indistinguishable from our measured
MORB value. Greenland samples, however, yield evolved
radiogenic signatures of _Ca ≈ +3. The Akilia gabbros and the
Itsaq gneisses show the same range of radiogenic _Ca values
and plot on or above a single stage crustal evolution curve
starting 4.5 Ga ago with a K/Ca ratio of 0.35.

Due to the fact that most Archaean rocks underwent
metamorphism and alteration, the interpretation of back-
corrected initial isotope values requires great care. A less
radiogenic titanite compared to the corresponding plagioclase
in the Zimbabwe samples indicates that the Ca isotopic
composition of plagioclase might in some cases reflect a
mixture of original, initial value and a ratio that evolved in the
whole rock. It might also suggest that titanite more likely
exhibits the pristine ratios and, therefore, more titanites will be
analysed. However, exchange of the isotope signature due to
recrystallisation during later thermal events can not explain
the same back-corrected _Ca values obtained from different
lithologies such as in Greenland. Felsic and mafic rocks have
different K/Ca ratios and, thus, should yield different isotopic
compositions. Only a very K-enriched crustal precursor
comparable with the K-fraction of lunar KREEP basalts
formed > 3.9 Ga ago can account for such radiogenic values
up to +3 _Ca.

Formation and dissolution of Zn-
precipitates during reactive transport

in a circum-neutral soil
R. KRETZSCHMAR, A. VOEGELIN, S. PFISTER,
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Recent spectroscopic studies have demonstrated the
formation of layered double hydroxides (LDH) and
phyllosilicates upon sorption of Zn2+, Ni2+, and Co2+ to clay
minerals and aluminum oxides at neutral to alkaline pH, and at
relatively high initial metal concentrations (~1 mM). The
intention of the present study was to investigate, whether such
phases also form in soil under slightly acidic conditions
(pH~6.5) and at lower metal concentrations. Columns packed
with a loamy soil were percolated with aqueous solutions
containing 0.1 mM to 0.2 mM ZnCl2, NiCl2, CoCl2, and CdCl2

in a 10 mM CaCl2 background at pH 6.5. Metal breakthrough
curves indicated a rapid initial sorption step, resulting in
retarded breakthrough fronts, followed by further slow metal
retention during the entire loading period of 42 days (∼ 7000
pore volumes). Total metal sorption and the contribution of
slow sorption processes decreased in the order Zn > Ni > Co >
Cd. Leaching the reacted soil with 10 mM CaCl2 at pH 6.5
remobilized 8% of the total retained Zn, 15% of Ni, 21% of
Co and 77% of Cd (Fig. 1, 70-200 pore volumes). Leaching
with acidified influent (pH 3.0) remobilized most of the
remaining metals (Fig. 1, 200-800 pore volumes). Analysis of
soil samples from the column experiments by X-ray
absorption fine-structure (XAFS) spectroscopy showed that
slow Zn sorption was due to formation of an Zn-LDH solid
phase. Although Ni,

Co and Cd concentrations were too low for XAFS
analysis, their leaching patterns suggest that part of Ni and Co
were also incorporated in solid phases, while most Cd
remained as exchangeable sorption complex. A small but
significant percentage of the sorbed metals (2% to 5%)
remained in the soil even after leaching with more than 3000
pore volumes at pH 3.0, which may suggest micropore
diffusion or precipitation of more stable mineral phases.
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Spatial deuterium excess patterns in
high-elevation Asian precipitation
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Stable water isotope (δD and δ18O) and deuterium excess
(d=δD–8*δ18O) data from precipitation collected in mountain
ranges (Himalaya, Tien Shan, and Altai) surrounding the
Tibetan Plateau display spatial patterns related to moisture
source and transport.  In the Himalaya (Mt. Everest and
Xixibangma regions), summer monsoon fresh snow d values
are higher in glacier regions (5100-6500 masl; 15.3‰) vs.
lower elevation sites (4300 masl; 4.1‰).  The magnitude of
the d difference between the two sites, coupled with synoptic
observations, indicates that different moisture sources are
likely involved (Bay of Bengal and the Indian Ocean).
Snowpit stable isotope records of >1-year accumulation from
Mt. Everest have an average d value of 11.1‰.  This value is
comparable to the mean d value (10.7‰) from a 20m firn core
recovered from the Altai Mountains (4100 masl), and is also
close to the global meteoric d value (10‰).  Synoptic weather
patterns indicate that a significant portion of the moisture
reaching the Altai comes from the North Atlantic, which has
lower sea surface temperatures than the Indian Ocean.
Therefore, the long distance moisture transport from the North
Atlantic and continental location of the Altai may be
responsible for creating precipitation d values similar to those
observed in the Himalaya.  In contrast, the mean d value of an
18m firn core from the Inilchek Glacier (5300 masl), central
Tien Shan, is 22.6‰, suggesting a significantly different
precipitation regime from the Altai.  Our hypothesis is that
moisture from the Caspian Sea, and reevaporation over the
Ustyurt Plateau, is responsible for the high d values in the
Tien Shan.  Moreover, there is a strong seasonal d signal
(higher d values in winter) in Tien Shan snow that is not
observed in the Himalaya or Altai regions, and which is
consistent with the Caspian source hypothesis.  Several ice
cores of >100m have now been recovered from the Everest,
Tien Shan, and Altai regions.  We will discuss and present 1
and 2-D isotope modelling results that are being used to
interpret down-core δD, δ18O, and d records.

Where is geochronology going?
Migmatite petrology and isotope

transport
LEO M. KRIEGSMAN1,2
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Geochronology may provide constraints on a number of
important issues in metamorphic and magmatic petrology,
which have a bearing on our understanding of large-scale
geodynamic processes. Some of these issues are: (1) coupling
of petrogenetic indicators (thermobarometry; trace element
distributions; oxygen isotopes) with time constraints; (2) the
time-scale of pro- and retrograde processes in migmatites; (3)
melt extraction rates; (4) rates of processes in general.

Migmatite petrology is exemplified as a research field
where an increased input from geochronology is required. A
new migmatization model (Kriegsman 2001) incorporates four
sequential processes: (i) partial melting producing restite
(mesosome) and melt; (ii) melt segregation and extraction;
(iii) back reaction between melt and restite producing
leucosome and biotite- or hornblende-rich melanosome; (iv)
crystallization of remaining melt at its solidus.

One of the implications of this model is that incompatible
elements that entered the liquid phase during partial melting
may re-enter restitic layers upon cooling. Zircon resorpton
followed by zircon growth in migmatites (Schaltegger et al.
1999) may be explained in a similar way. Zircon and monazite
morphologies may therefore be strongly correlated to trace
element (re)distribution at leucosome-melanosome-mesosome
interfaces. The model is now being tested by trace element
zoning and oxygen isotope distributions in garnet, zircon and
monazite (EPMA, LA-ICP-MS, NORDSIM).

A next step is to constrain the rates of these processes,
either through an assessment of the heating and cooling rates
of the terrain (i); or by inferring the melt extraction rates from
physical models for melt escape and melt percolation (ii) and
the degree of (dis)equilibrium reached between melt and
source rocks (iii). The first method is restricted by the current
time resolution of isotopic techniques (commonly U-Pb) and
therefore generally yields time scales > 1 Ma. Results from the
other two approaches depend heavily on assumptions, but
suggest rapid melt segregation (< 100 years).

Progress in this field requires a method that combines high
spatial resolution (10 microns or less) with high time
resolution (< 1 Ma) and is valid in minerals having low
concentrations of relevant isotopes (e.g., U-Pb in garnet). This
would open up possible applications such as deriving cooling
paths directly from U-Pb zoning patterns in garnet.

References
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Ferric iron oxides and hydroxides play a major role in the
immobilization of contaminants in environmental systems, but
when conditions in aquifers become more reducing,
incorporated toxic elements can be released to the
groundwater. Better understanding of reductive dissolution is
essential for our ability to predict the movement of heavy
metals in natural systems. Lepidocrocite, γ-FeOOH, found in
soils and sediments most commonly near the redox boundary,
is vulnerable to attack by natural reducing agents.

We have used the high resolution capabilities of Atomic
Force Microscopy to investigate reductive dissolution of
micrometer-scale crystals of lepidocrocite in a closed fluid cell
containing 10 mM ascorbic acid (C6H8O6) as a model organic
reductant.

Figure 1 shows a subset of images taken during
dissolution of one single lepidocrocite crystal. We were able
to determine that the reductive dissolution rate is about
4 x 10-3 g Fe m-2h -1, which compares very nicely with
macroscopic rates. Dissolution on individual faces was fastest
on the ends of the longest dimension and slowest on faces of
the shortest dimension, so that length-to-width ratio changed
as a function of time. Contaminants that are adsorbed
preferentially to these faces can either be released to solution
again during dissolution, or they can inhibit dissolution,
enhancing prominence of a new face and thus promoting a
new morphology.

An isotope dilution, etch abrasion
solution to the Akilia Island U-Pb age

controversy
T.E. KROGH, S.L. KAMO, AND Y. Y. KWOK

Department of Earth Sciences, Royal Ontario Museum,
Toronto, ON, M5S 2C6, Canada, (tomk@rom.on.ca,
sandrak@rom.on.ca)

Two-stage (3.65 and 3.85 Ga) zircon populations, with a
minor 2.7 Ga component, in tonalite intrusions that were
sampled to constrain the age of a mafic enclave, reported to
contain 13C-depleted graphite microparticles, Akilia Island,
SW Greenland, have led to disparate interpretations (see
review by Nutman et al., 2000). Nutman et al. (1997) ascribed
the older age to the time of magmatic emplacement and the
younger age to metamorphic growth, whereas Whitehouse et
al. (1999) assigned magmatic growth at 3.65 Ga and the older
age to inherited grains. Kamber and Moorbath (1998) suggest
the latter explanation for the disparity between Rb-Sr, Sm-Nd,
and Pb-Pb results versus ion probe ages throughout the region.
Our initial analyses from the same sample sites (Krogh et al.,
2000) supporting the younger age for magmatism are revised
here based on our discovery that the few clear prisms analyzed
have the same ages as the overgrowths and do not represent
the main population of oscillatory zoned magmatic zircons.

The etch-abrasion method employed here exploits the
extreme, radiation-induced solubility differences that render
damaged domains visible, and leaves isotopically closed cores
and tips, with the lowest U concentrations and the highest
probability of concordance, unetched. Critical to this
investigation is the fact that magmatic grains are typically
highly zoned and turn white and friable where damaged zones
are attacked, whereas metamorphic domains are not zoned and
remain clear, so that the abundance distribution and habit of
each stage is easily assessed.

Zircons from the tonalite sheet near the north contact with
the mafic enclave are typically resorbed, 3:1 rounded prisms,
with longitudinal cracks, and minor clear, pink overgrowths
that together with highly etchable zones (3 hr NaOH 22°C)
define the population as pre-metamorphic, primary magmatic.
Metamorphic components comprise <10% of the population
and occur as tips, rounded grains, and blocky prisms. Ages of
3760+/-4 Ma and 3658+/-3 Ma were obtained for the
magmatic and metamorphic grains, respectively.

Zircons from the south contact sample only show two-
stages of growth after etching (2.5 hr in HF at 220˚ C). Clear
tips overgrow the dominant, zoned population and 5, 3:1
prisms and 3 equant grains of the latter type yield a colinear
array (0.4% discordant) for an age of 3849+/-4 Ma to 2708 Ma
(0.4% discordant). Overgrowth component (<10% of the
population) gives a ca. 3670 Ma maximum age.

References
Nutman, A. et al. (2000), Geochim. et Cosmochim. Acta 64,

3035-3060.

Figure 1: AFM images of one γ-FeOOH crystal during
reductive dissolution – images taken after 20 min. of exposure
to ascorbic acid (left) and 2 hours (right). Length/width/height
ratio of the crystal is approximately (measured in nm)
385/180/16 (left) and 320/170/14  (right). Height is shown by
graduated colour scale; bright is highest.
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Syngenetic garnet of eclogitic/pyroxenitic composition
included in a polycrystalline diamond aggregate from the
Venetia kimberlite, Limpopo Belt, South Africa shows
multiple inclusions of spherules up to ca. 50 µm, consisting of
61±5 vol% Fe3C (cohenite), 30±2 vol% Fe-Ni and 9±3 vol%
FeS (troilite). Troilite forms shells around the native iron-
cohenite assemblage, implying that both compositions were
immiscible melts and were trapped rapidly by the silicate. The
oxygen fugacity of the metal-silicate system can be calculated
using the mole fractions of Fe in metal and FeO in silicate and
is 2.1 orders of magnitude below the iron-wustite oxygen
buffer (IW) and is, thus, more reduced than the majority of
samples from the subcratonic lithosphere. It is proposed that
this polycrystalline diamond-silicate-metallic spherule
assemblage formed by redox-freezing in the subcratonic
lithosphere from a C-H-O fluid that reacted with surrounding
silicate at about 1300°C. In a mantle fluid consisting of
CH4>H2O > H 2 from a starting point near fO2 =IW, aH2

increases rapidly when carbon from the fluid is consumed by
diamond precipitation, driving the oxygen fugacity of the
system to lower values along the diamond saturation curve,
reaching the stability field of cohenite. Water from the fluid
induces melting of surrounding silicate material, and hydrogen
reduces metals in the silicate melt, reflected by an unusually
low Ni content of the garnet. δ13C = -13.69 ‰ (PDB) and the
lack of nitrogen as an impurity is consistent with formation of
the diamond from abiogenic methane, whereas δ18O = 7.4 ‰
(SMOW) of the garnet implies derivation of the silicate from
subduction-related material. Hence, highly reducing
conditions within the subcratonic lithosphere can be created
locally by this process and do not necessarily call for
involvement of fluids derived from subducted material of
biogenic origin.

Isotopic constraints on the origin of
the Bushveld Complex magmas in a

back-arc environment
F. JOHAN KRUGER

Hugh Allsopp Laboratory, Bernard Price Building, University
of the Witwatersrand, WITS 2050, South Africa. Email:
106fjk@cosmos.wits.ac.za

Sr, O, Nd, Pb, Os, and Cl isotopic and concentration data
indicate that the magmas of the Bushveld Complex contained
variable proportions of crustal material prior to intrusion into
the magma chamber. These magmas can be divided into three
fundamentally different lineage’s, a harzburgitic-noritic Lower
and Critical Zone (L&CZ) lineage, a gabbronoritic Main Zone
(MZ) lineage and a ferro-gabbronoritic Upper Zone (UZ)
lineage. Petrological modelling using the available isotopic
data indicates that these represent mixtures of different mantle
and crustal provenance’s.

Magmas with both high and low Sr concentrations and Sr
isotopic ratios were injected into the magma chamber.
87Sr/86Sr ratios suggests that the first magma was less
radiogenic (c. 0.7044) and that subsequent additions were
more radiogenic (0.7085-0.7090).

The 18O characteristics of rocks from the whole
stratigraphic extent of the Bushveld Complex indicates that
there was a significant crustal content in the magmas higher in
the succession and especially in the magma injected into the
MZ. A strong positive correlation of very radiogenic 87Sr/86Sr
initial ratios with the 18O values also supports this model.

Nd isotopic data indicate an upper mantle and old crustal
sources, and the Sr/Nd relationship indicates an Archaean
upper crustal source as the “contaminant” as Sr is highly
radiogenic. The LREE enriched profiles can also be
reconciled with this model.

Pb isotopic data indicates that the L&CZ magmas have a
lower to middle crustal imprint on a “CHUR” type source,
whereas the imprint on the MZ is upper crustal which is also
consistent with the other isotopic data.

Os isotopic data on the chromitite layers and the
Merensky reef indicate a substantial crustal signature in the
upper CZ and lower MZ.

Heavy 37Cl and very high Cl/F ratios indicate a subducted
altered ocean floor component.

Geochronological data on the Bushveld Complex and
other cratonic rocks indicate that the c. 2.0 Ga Kheis-Magondi
convergent tectonism and the Bushveld Complex are coeval.
The combined isotope and chronological data outlined above
indicate that the Bushveld Complex is a back-arc phenomenon
related to that convergent tectonism, which subducted a
significant proportion of Archaean upper crustal material into
the source region of the Bushveld Complex magmas.
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Pb-Pb evaporation method on native
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Introduction
In this work is presented a new method of measure of

isotope Pb ratios in native gold samples. In opposite of
classical method of bulk chemical digestion and Pb separation
for gold, this new method is faster and provides more
information.

Analytical procedures
Small gold grains (0.3-1 mm) were rolled into foil, and

were cleaned by the following acid sequence (using ultrasound
and 100° hot plate treatment): 10N HF; H2O; 6N HCl; H2O;
14N HNO3; H2O during 30 min for each step. After that, each
grain was deposited on Re single filament with 5 µl of mixture
of silica gel and H3PO4. Lead isotope ratios were analysed by
Finnigan MAT-262 mass-spectrometer in ion counting
jumping mode and static Faradey cups mode at temperatures
1330-1570°C. The typical error levels 2_% for 206/204 ratios
in non-radiogenic samples are 0.05-0.1%, in high-radiogenic
samples are >0.5%.

Results and discussion
For Pb isotope studies were taken the native gold grains

from veins of ore deposit Alemão (Carajas, Brazil) and ore-
deposits Areal and Mina Velha (Gurupi belt, Brazil).

Gold samples from Gurupi belt deposits show non-
radiogenic common lead composition and provide sufficiently
high stable signal (~100 mV 206 mass) on Faradey cups and
stable isotope ratios during measures. Samples points of Mina
Velha lie near Doe-Zartman curve for mantle in age range
1200-1300 Ma.

Gold grains from Alemão ore-deposit show high-
radiogenic lead composition and demonstrate low signal (<5
mV 206 mass) on ion counter. The 206/204 Pb ratio increased
during analysis from block to block in most samples, in some
of them up to 1.5 times and varied in range 50-1000. These
big variations in 206/204 ratios are probably caused by small
invisible impurities of other U-rich minerals. Because of these
variations the 206-207 isochron calculations were made using
separate block data. Three groups of 206-207 isochron data
were obtained: 3529±50, 2770±24 Ma, 2132±17 Ma. The
second age is concordant with 206-207 isochron age for
sulfides.

Conclusions
The proposed new Pb-Pb evaporation method for native

gold analysis may be useful for detail studies of gold
mineralization and possible diagnostic tool for detection of
origin of jeweler gold.

An update on the Köfels 10Be and 26Al
production rates

P.W. KUBIK1 AND S. IVY-OCHS2

1 Paul Scherrer Institut, c/o ETH Hönggerberg, 8093 Zurich,
Switzerland (kubik@particle.phys.ethz.ch)

2 ETH Hönggerberg, 8093 Zurich, Switzerland
(ivy@particle.phys.ethz.ch)

A giant landslide of Köfels, Tyrol, Austria occurred 9800
years ago. This site is ideal to determine the production rates
of cosmogenic 10Be and 26Al for exposure dating, because the
timing of the event could be dated dendrochronologically
[Ivy-Ochs et al., 1998; Kubik et al., 1998]. The originally
measured nuclide concentrations [Kubik et al., 1998] were
scaled to sea level, high latitude using the scaling formalism of
Lal [Lal, 1991]. Recent work [Stone et al., 1998; Heisinger et
al., 2002a; Heisinger et al., 2002b] indicates that the
contribution due to muons was overestimated. The original
production rates have thus been revised in light of this. In
addition, a new field campaign was conducted last year and
this new data will be added to the existing data set.

References
Heisinger B., Lal D., Jull A.J.T., Ivy-Ochs S., Kubik P.W.,

Neumaier S., Knie K., Lazarev V. and Nolte E., (2002a),
Earth and Planet. Sci. Lett., accepted.

Heisinger B., Lal D., Jull A.J.T., Kubik P.W., Ivy-Ochs S.,
Knie K. and Nolte E., (2002b), Earth and Planet. Sci.
Lett., accepted.

Ivy-Ochs S., Heuberger H., Kubik P.W., Kerschner H., Bonani
G., Frank M. and Schlüchter C., (1998), Z. Gletscherkd.
Glazialgeol. 34, 57-68.

Kubik P.W., Ivy-Ochs S., Masarik J., Frank M. and Schlüchter
C., (1998), Earth and Planet. Sci. Lett. 161, 231-241.

Lal D, (1991), Earth and Planet. Sci. Lett. 104, 424-439.
Stone J.O.H., Evans J.M., Fifield L.K., Allan G.L. and

Cresswell R.G., (1998), Geochim. Cosmochim. Acta  62,
433-454.



Goldschmidt Conference Abstracts 2002A422

Geochronology Archaean
Kolmozero-Voron’ya greenstone belt

of the Kola region (north-eastern
Baltic shield)
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The Kolmozero-Voron’ya greenstone belt is one of the
most ancient geological structures of the Kola Peninsula. It is
located between Upper Archaean terrains: Murmansk, Central
Kola and Keivy. Within the Kolmozero-Voron'ya greenstone
belt there are rare metal (Li, Cs with accessory Nb, Ta, and
Be), Cu, Mo, and Au deposits. All rocks were metamorphosed
under amphibolite-facies conditions and intruded by
granodiorites, plagiomicrocline and tourmaline granites and
pegmatitic veins. Four suites are distinguished within the belt:
lower terrigenous formation, komatiite-tholeite, basalt-
andesite-dacite and upper terrigenous formation. The U-Pb
age of 2925±6 Ma on magmatic zircon was obtained for
leucogabbro of differentiated gabbro-anorthosite massif
Patchemvarak, situated at the boundary between volcanic-
sedimentary units and granitoids of Murmansk block. Sm-Nd
age of komatiites is ca. 2.87 Ga (Vrevsky, 1996). U-Pb age of
zircon from biotite schist, which belong to acid volcanites is
2865+/-5 Ma. Quartz porphyries, which are considered to be
intrusive vein analogous of acid volcanites has an age of
2828+/-8 Ma, that marks the final stage of the belt
development. Dating of titanite from ovoid plagioamphibolites
yielded an U-Pb age of 2595+/-20 Ma that probably is
connected with the closure of the U-Pb isotopic titanite system
during the regional metamorphism. The Porosozero
granodioritic complex, which  intruded volcano-sedimentary
rocks of the belt has an age of 2733+/-6 Ma. Tourmaline
granites are found all over the Kolmozero-Voron’ya belt
occurring among volcanogenic-sedimentary rocks of the belt.
Their Pb-Pb age of 2520+/-70 Ma appears to denote the
tourmaline crystallization at a post-magmatic stage of the
complex formation. Preliminary age of rare-metal pegmatites
is 1.9-1.8 Ga.

Thus, several stages can be distinguished in the evolution
of the Archaean Kolmozero-Voron’ya greenstone belt:
protoocean with komatiite-toleite magmatism (3.0-2.9 Ga);
volcanic arc with andesite-rhiolite magmatism (2.9-2.8 Ga);
regional metamorphism and granitization with melting of
granodiorite-granite magmas (2.7-2.6 Ga); regressive
metamorphism and potassium metasomatism with the
formation of tourmaline and microcline granites and rare-
metal pegmatites within and outside the belt (2.5-1.8 Ga).

Tectonics, Weathering, Atmospheric
CO2 and C Burial during the Mid-

Miocene Climate Change
W. M. KÜRSCHNER, Z. KVACEK AND L. R. KUMP

Dept. of Geobiology, Bot. Palaeoecology, Utrecht University,
Utrecht, The Netherlands (w.m.kurschner@bio.uu.nl)

Science Faculty, Charles University, Prague, Czech Republic
Dept. of Geoscience and Earth System Science Centre, The

Pennsylvania State University, University Park PA, USA.

The Mid-Miocene denotes the transition from the warmest
period of the last 35 Ma, the Miocene climatic optimum, to the
modern Late Cenozoic cool mode. Modifications of the rate of
mountain building, the growth of the East Antarctic Ice Sheet
(EAIS), sea level, deep ocean circulation and carbon cycling
took place. In order to explain the Miocene climate shift, two
hypotheses have been put forward: (a) marine carbon removal,
and/or (b) increased silicate weathering as a result of tectonic
uplift of the Himalayas. Both mechanisms may have resulted
in atm. CO2 reduction and global cooling. However, despite
the occurrence of prominent changes mentioned above, CO2

predictions based on marine geochemical proxies across the
Miocene climate shift suggest consistently low CO2 since the
Early Miocene. Stomatal frequency analysis on fossil leaf
remains represents a robust biosensor to test independently
CO2 prediction based on marine proxies. Well-preserved
laurel, Ginkgo and oak leaf remains were studied from several
Early and Mid-Miocene brown coal deposits in Germany and
the Czech Republic. The initial high CO2 values of about 500
ppmv correlate with the early part and climax of the Miocene
climatic optimum. CO2 starts to decline approximately at the
beginning of the marine _13C excursion at ~17.5 Ma. CO2 is
about 300 ppmv during the initiation of the general cooling at
about 15 Ma. CO2 continues to decline to a minimum of about
250 ppmv during the main EAIS expansion and rises again to
values similar to the present day level around 12 Ma. Perhaps
the most striking feature of the stomata based CO2

reconstruction is that the main phase of CO2 depletion occurs
during the Miocene climatic optimum. In one respect, this is
the expected consequence of weathering enhanced by
accelerated Himalayan uplift, warmth and an intensified
hydrological cycle. However, if CO2 were a dominant climate
determinant, one would expect that cooling should have
accompanied the CO2 drawdown.  Decoupling suggests that
other climatic factors temporarily compensated for the
diminished greenhouse effect of CO2. A reduction in ice sheet
coverage is one possibility. The combination of an accelerated
uplift of the Himalayas, warming and a more active
hydrological cycle may have caused the CO2 decrease. The
initiation of EAIS expansion may have required a CO2

threshold of ~ 300 ppmv at 15 Ma. The subsequent increase in
atmospheric CO2 may have been the result of a decrease in
silicate weathering commensurate with coverage of silicate
weathering terrains by ice sheets and mountain glaciers.
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Photosynthesis is accompanied by a carbon isotope
fractionation (εp) between the inorganic carbon substrate CO2

and the assimilated organic compounds. In fossil marine
sediments εp can be defined as the difference between the
carbon isotopic compositions of phytoplankton biomass (δp)
and dissolved CO2 (δd). The magnitude of εp is dependent on
(1) pCO2 and pO2 in the ocean-atmosphere-system, (2) cell-
specific growth rate and (3) cellgeometry.

This study investigates εp in marine phytoplankton in a
series of Late Paleozoic time windows. Compound-specific
carbon isotope analysis of acyclic isoprenoids preserved in
immature marine sediments enabled us to determine δp and
carbon isotope data of well preserved brachiopod shells were
used to calculate δd. While previous studies were limited to the
calculation of εTOC, i.e. the carbon isotopic difference between
total organic carbon (TOC) and carbonate carbon, our dataset
provides the first genuine record of the Late Paleozoic
evolution of εp.

Our results show that εp commonly varies by several
permil within individual Late Paleozoic time windows. This
spread can be ascribed primarily to varying phytoplankton
growth rates, associated with locally differing nutrient
availabilities, and/or regionally varying compositions of
phytoplankton communities. Yet, the longterm evolution of εp

reveals a steady increase form the Devonian (ca. 16 – 21.5‰)
to the Late Pennsylvanian (ca. 19.5 - 25‰), followed by a
slight decrease during the Permian (ca. 21 – 23.5‰). This
secular trend is interpreted in terms of an interplay between
the significant increase of pO2 and the strong depletion of
pCO 2 in the ocean-atmosphere-system from the Middle
Devonian to the Permo-Carboniferous, as proposed by a
number of published numerical models. Our results suggest
that Late Paleozoic pO2 variations had a stronger effect on εp

than pCO2.

Density parameters in
thermodynamic surface complexation

models
DMITRII A. KULIK
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5232 Villigen PSI, Switzerland (dmitrii.kulik@psi.ch)

Thermodynamic surface complexation models (TSCMs)
can realistically describe ionic sorption if characterization of a
mineral-water interface helps to constrain stoichiometry and
coordination of surface complexes, areas of surface types, and
densities of the available binding sites. How can such infor-
mation be utilized in macroscopic TSCMs in a rigorous way?

1. Reference density Γ o (in mol⋅m-2) is to be taken the
same for all mineral surface species. Then molar Gibbs
energies Go or equilibrium surface complexation constants K
can be scaled to the same standard state if j-th surface species
con-  centration is defined as Γ j/Γ o (Γ j is actual surface
density), but not as “fractional surface coverage” θ = Γ j/Γmax or
Γ j/ΓT. In that, the maximum Γmax or total ΓT (site) densities are
taken as sample-specific properties of individual surface
complexes or surface patches (types), respectively (Kulik,
2000; 2002).

2. While Γ o takes part in standard state properties (Go,
logK), Γmax (or ΓT for species competing on a surface type) can
be used only in surface activity terms (SAT) that suppress the
species density Γ j at θ ⇒ 1. Coulombic terms in electrostatic
TSCM also affect Γ j of charged surface complexes as function
of surface charge density Γη, which itself is a function of ΓT.

3. In the linear adsorption region (close to the reference
state at Γ j⇒ 0 and Ψ⇒ 0), the densities Γ j (and mole quantities
x j) of surface complexes depend only on Go

j, chemical
potentials in the system and the surface type area, but not on
Γmax (or ΓT) parameters. Hence, if concentrations of mono-, bi-
,… n-dentate surface complexes are referenced to the same
species density at standard state (Γo) then their behaviour will
differ only at approaching the site- or surface-type saturation.

4. Thus, Γmax parameters and SAT equations (initially
defined for monodentate surface complexes) must be re-
derived for n- dentate surface complexes by careful
interpretation of Γ j, Γ T  and Γmax parameters in terms of
“available site density” and “species density”. For that,
statistical analysis of surface site geometry (following
Benjamin, 2002) is promising, especially when enhanced by
micro-spectroscopic molecular-scale data about the binding
site types and their spatial distribution.

Some developments will be exemplified by comparing
TSCMs for mono- and bidentate UVI sorption on oxides, to
conclude about usefulness of the new species-/site- density
concepts in mechanistic model description of heterogeneous
sorption, as well as in compilation of a uniform chemical
thermodynamic database for surface complexes.
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Helium studies in the Mojave Desert,
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We report helium concentrations and isotope results
measured on deep groundwaters from the western Mojave
River Basin (MRB), 130 km east of Los Angeles.  The aquifer
is composed of Quaternary alluvial fan and basin fill deposits
(interbedded gravel, sand, silt, and clay) that overlie a
crystalline complex of pre-Tertiary igneous and metamorphic
rocks. Samples were collected along two groundwater
flowpaths that originate in the San Gabriel Mountains and
discharge to the Mojave River ~30 km to the northeast.  The
basin is adjacent (~10 km) to the NW-SE trending San
Andreas Fault (SAF) system.  The primary objective of this
study is to quantify the crustal and mantle helium
contributions to the regional groundwater system.

A total of 25 groundwaters, sampled previously for
chemistry and isotope systematics (including C-14 activity),
have measured helium concentrations which increase along
flowpaths from 9.9 x 10-8 to 1.0 x 10-4 cm3STPg-1 H2O.
Concomitantly, 3He/4He ratios decrease from 0.84 RA to 0.11
RA (RA equals the 3He/4He ratio in air = 1.4 x 10-6).  In no
samples did we measure 3He/4He ratios equivalent to crustal
production values (~0.02RA).

Measured helium concentrations were resolved into
components associated with solubility equilibration, air
entrainment, in-situ production within the aquifer and an
extraneous flux. Young groundwaters close to recharge areas
were dominated by the first 2 components – older
groundwaters by the latter 2. The 3He/4He ratio of the
extraneous component is ~0.11RA indicating addition of
mantle-derived He to a (deep) crustal flux. If the mantle
component is characterized by 8RA then addition of 1-2% is
sufficient to account for the observed ratios. Therefore, this
study confirms findings of Kennedy et al. (Science, 1997) of
the presence of mantle-derived fluids proximal to the SAF. By
comparing 4He and C-14 ages and assuming a range of
porosities between 10-25%, the calculated crustal flux of
helium varies between 3 x 10-6 and 3 x 10-7 cm3STPcm-2yr-1.
This range is comparable to values published for other regions
of the western USA (e.g. Carrizo aquifer, Texas and San Juan
Basin, New Mexico).

Weathering through Earth history:
controls and consequences

LEE R. KUMP

Dept. of Geosciences, Penn State, University Park, PA 16802
USA (lkump@psu.edu)

Chemical erosion of the continents is the predominant
source of solutes to the ocean. The chemistry of the ocean is
expected to have varied in response to changes in chemical
erosion over Earth history, but by how much is poorly known.
Most proxies of chemical erosion rates (e.g., changes in the
radiogenic isotope composition of the oceans as recorded in
limestones) are ambiguous because they respond both to
changes in the magnitude and isotopic composition of the
riverine inputs. Use of multiple proxies holds the promise of
unravelling these influences.

One of the most hotly debated topics is the extent to which
chemical weathering provides stability to long-term climate
through feedback in the carbon cycle. The fundamental issue
is what controls chemical erosion rates on global scales, yet
much of the debate has focused on controls on individual
watersheds. Tectonic uplift (shedding of the soil mantle) is
clearly a limiting factor for a number of watersheds, whereas a
climate limitation, especially a temperature dependence for
chemical erosion, has been more elusive. Using Ge as a proxy
indicator for transport vs. weathering limitation (after Stallard
and Edmond), one finds that the world as a whole is strongly
weathering limited. Thus, those factors that control weathering
(climate, rock composition) are limiting the rate of chemical
erosion today. During periods of tectonic stasis, transport
limitation could have dominated.

Limits on the range of global chemical erosion rates over
geologic time are likely tied to the water cycle. Extreme
continental aridity might have caused erosion rates to fall near
zero in the Neoproterozoic, Late Permian/Early Triassic, and
Paleoproterozoic (ca. 2.0 Ga), as indicated by extreme
enrichments and rapid swings in carbon isotope composition.
Maximum rates of chemical erosion would have been realized
when the water cycle was accelerated and rivers were
saturated with CaCO3. Under the most favorable conditions,
chemical erosion rates could have been 50 times today’s.
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Is CO2 the Phanerozoic climate
driver?
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There are good reasons to suspect that atmospheric pCO2

has been a primary climate driver in the geologic past, but the
evidence is not conclusive. Numerical carbon cycle models
and pCO2 proxies generally support the suspected relationship
between climate and atmospheric pCO2. However, the oxygen
isotope paleotemperature record from 600 Ma to the present
displays notable intervals for which temperature and inferred
pCO2 are not correlated. One of these occurred during the
early to middle Miocene (about 17 Ma), a time well
established as a warm interval but with proxy evidence for low
atmospheric pCO2. Moreover, whereas climate models predict
warming at all latitudes in response to elevated pCO2, geologic
data, in particularly the oxygen isotope record, indicate muted
warming or even cooling at low latitudes while higher
latitudes warm.

Is the CO2-climate relationship refuted by these and other
apparent mismatches between climate and CO2 proxies? Not
necessarily. The “cool tropics paradox” and the longer-term
mismatch between pCO2 and temperature proxies could be
artefacts, the consequence of inevitable blurring of the signal
by diagenesis. Even if the proxies survive further scrutiny and
the mismatches remain, we shouldn’t necessarily expect
highly correlated records of atmospheric pCO2 and climate. A
pCO2 increase whose radiative forcing drives a slowly
changing climate component (e.g., the extent of continental ice
sheets during glaciation), or triggers the release of other
greenhouse gases (e.g., CH4) could produce a proxy climate
record (e.g., ice-sheet volume as expressed in the oxygen
isotopic composition of the ocean) that was poorly correlated
with the CO2 forcing, as in the Miocene.

Through fossil fuel burning, we have made the natural
world our laboratory, but the experiment is inadvertent and
thus not designed to yield easily decipherable results. Focused
research in climate modeling and paleoclimatology may
provide us the tool we need to make confident predictions and
thus wise policy decisions that ward off what may be dire
consequences of our global experiment.

Noble Gases from the deep mantle:
new evidence from oceanic volcanism
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[jcurtice@whoi.edu] [dlott@whoi.edu]

2Department of Geology and Geophysics, Woods Hole
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Woods Hole, MA  02543 USA [dfornari@whoi.edu]

3Department of Geology, University of Idaho, Moscow, ID
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The “standard model” for terrestrial helium isotopic
evolution is that high 3He/4He ratios reflect undegassed deep
mantle reservoirs having high He/(Th+U) ratios.  High
3He/4He ratios from oceanic islands such as Hawaii, Iceland
and Galapagos would then reflect relatively undegassed
reservoirs brought to the surface by mantle plumes.  This
model has been challenged on a number of grounds, as
geochemists and geophysicists increasingly attempt to explain
the geochemical diversity of oceanic basalts by recycling
processes.  In order to address this important issue, we report
new helium and neon data from submarine glasses of the
Galapagos archipelago, and compare them to the most recent
noble gas data from Hawaii.  The new Galapagos samples
come from the submarine western flank of the archipelago,
and were collected during a 2001 cruise of the R/V Revelle
which combined multibeam bathymetry, sonar mapping, and
dredging.  The highest Galapagos 3He/4He ratios, up to 30
times atmospheric, are found at Fernandina, and on the
seafloor directly to the west of Fernandina.  The geometry is
similar to Loihi Seamount, Hawaii, in the sense that
Fernandina is at the leading edge of the archipelago with
respect to plate motion.  We interpret the high 3He/4He ratios,
coupled with active volcanism, as an indication that the plume
melting center presently lies beneath Fernandina.  The
Galapagos submarine glasses have less radiogenic 21Ne/22Ne
ratios than MORB or Loihi seamount, and the neon isotopes
are consistent with the helium isotope systematics in
suggesting relatively undegassed mantle.  Overall the helium-
neon systematics are consistent with the correlation identified
by Moreira et al. (EPSL 185(2001) 15-23) and demonstrates
that Loihi seamount does not adequately characterize high
3He/4He mantle sources.  Correlations between helium and
other radiogenic isotope systems, at Galapagos and Hawaii,
provide some important arguments in favor of the standard
model for noble gases.  The most plausible explanation for
high 3He/ 4He ratios remains undegassed deep mantle
reservoirs, perhaps from the core-mantle boundary; the noble
gas data cannot be explained by recycled material.
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The isotopic ratios of granitoids can provide important
information about the nature of the lower crust, since granitoid
magmas are generally formed by the partial melting of the
lower crust rocks. The initial isotopic ratios of Pb, Nd and Sr
of this and previous studies for the Mesozoic granitoids from
widely separated parts of South Korea show regional
differences regardless of their intrusion ages. The isotopic
differences are most prominent between the granitoids in the
Gyeongsang basin and those in other tectonic provinces (the
Gyeonggi massif, the Okcheon belt and the Yeongnam
massif). The former has mantle-like signatures: 87Sr/86Sr =
0.705 to 0.707, _Nd(T) = -6.6 to +3.9, 206Pb/204Pb = 18.2 to
18.4, 207Pb/204Pb = 15.53 to 15.59, 208Pb/204Pb = 38.1 to 38.5,
whereas the latter has old crust-like signatures: 87Sr/86Sr =
0.709 to 0.717, _Nd(T) = -8 to -21, 206Pb/204Pb = 16.9 to 18.8,
207Pb/204Pb= 15.49 to 15.81, 208Pb/204Pb = 37.6 to 39.8. In
detail, those granitoids with the crustal isotopic signatures can
be further divided into five regional zones: Northeast,
Southwest, Central, West and Southeast. The first two zones
have most enriched signatures, and the last two zones have
least enriched signatures. The Central zone has intermediate
signatures. These isotopic zones appear to have no direct
geographic relationships with the NE-trending tectonic
provinces, and are considered to reflect the basement
differences. We also note that the regional differences in the
gravity anomaly of South Korea more or less agree with the
regional isotopic differences. Namely, the zones with the most
and least enriched isotopic signatures have strong negative and
positive Bouguer anomalies, respectively, suggesting that the
crustal thickness of South Korea may correlate with crustal
formation age. We present a model for the basement structure
of South Korea on the basis of the above observations.


