INTRODUCTION:

Transition metals (Fe, Co ,Ni, Cu, Zn, Se, V, and Mn) are commonly
concentrated in sulfide globules or disseminated sulfide grains in
volcanic rocks. The presence of volatiles, such as sulfides, plays an
important role in fractionating these elements during magmatic cooling
(Ackermand, et al.) Thus, understanding the partitioning of the transition
elements in the sulfides might allow us to constrain the crystallization
history of the magma by measuring the transition metal concentrations in
the glasses.

It is known that deep seated submarine eruptions prevent fast degassing
of lavas; therefore the volatiles and associated late phases could
accumulate at the glassy margins of the flows (Ackermand et al.) This
project attempted to locate sulfides in three different regions of the globe
by analyzing basalt glasses for the trace elements associated with
sulfides. The concentration of trace elements among the glasses
indicates the evolution of magma formation.
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METHOD:

10 Mid Ocean Ridge Basalt (MORB) samples from the Central Indian Ridge
(MD,) Mid Cayman Rise (KN,) and East Pacific Rise (AL) were crushed, sieved
and glasses picked under a binocular microscope. Approximately 300 milligrams
of each sample were then mounted in epoxy and polished to 0.3mm using a
Buehler Handimet 2 Roll Grinder and a Metaserv 2000 Grinder/Polisher with
Beuhler alumina oxide slurries. Samples are sonicated between each level of
polishing and optically scanned to reach a level of 50% exposure of grains.

Polished glass grains mounted in epoxy

Laser-ablation ICP-MS was performed for 28 trace elements and the 8 elements
of Mg, Si, Co, Cu, Zn, Zr, Ni, and Mn, were analyzed and normalized to the Si
content of the MORB glasses. For each sample three MORB glasses were
averaged to use as a baseline for comparison. The laser-ablation system, New
Wave UP-213 nm Nd: YAG, coupled to the Finnegan ELEMENT-1 ICP-MS
settings for data collection were: 40 micron lines or spots at 10 Hertz repetition
rates, 65% energy level.

Standard glasses of known concentrations were measured to ensure the ICP-
MS was calibrated properly. The laser ablation system vaporizes solid particles
of basalt glass which are then introduced to the ICP-MS. The mass

spectrometer uses a plasma to create ions from the material. The ions are
accelerated into a magnetic field where ions of different masses take different
paths through the field. The number of ions of each mass are counted by an
electron multiplier and recorded as counts per second, thus the intensity of each
element is recorded for each sample.
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Laser-ablation ICP-MS analysis of olivine phenocrysts, sulfides, and MORB glasses
ge, and the East Pacific and Mid Cayman Rises

RESULTS and DISCUSSION:

The three glasses chosen represent distinct area of the ocean floor
with samples taken from a variety of depths: Mid- Cayman Rise KN
series at 4300 m, Central Indian Ridge MD series at 3200m, and the
East Pacific Rise Alvin series at 2500m. Along with depth come
characteristics of the ocean floor and the samples. The greater the
depth, the thinner the ocean crust, less melting has occurred, and the
less chance of degassing and loss of sulfur. Magmas all originate in
the mantle and initially start with roughly the same composition,
however as can be seen in Table 1, each of the MORB glass
averages from the three areas sampled contain significant differences
among six elements: Mg, Ca, Co, Cu, Zn, and Ce.

Graph 1 shows a glass track from the MD samples where the trace
elements of Si, Mg, Mn, Ni, Co, Cu, Zn, Zr remain relatively stable
compared to one another. Olivine is one of the first minerals to
crystallize from the magma and takes up Mg and Ni. Graph 2 shows
the increased intensity of those to elements identifying that spot as an
olivine phenocryst. Elements that are not taken up by olivine such as
Ce, Cu, and Zn show lesser levels in the Alvin and MD series
indicating that these glasses from shallower depths may have sulfides
formed in them. The sulfide minerals occur, in general, in
disseminated amounts (less than 1% volume) in the glassy margins of
the flow (Ackermand et al.) They are difficult to find and do not occur
in abundance. Graph 3 demonstrates the characteristics of a potential
sulfide. The intensities of Ni, Co, and Cu are increasing while the Mg
level remains constant. Further analysis would be necessary to make
a definitive identification as a sulfide. Because sulfides are highly
soluble in the magma, they are good indicators of the fractional
crystallization process that occurs in the formation of new seafloor
basalts.

CONCLUSION:

The high Mg, Ni, and Ce for the KN samples and the deeper ridge
depth indicates a larger degree of melting for this sample. The low
Ce and low Ni, Co, Cu indicates a higher degree of melting and the
crystallization of sulfides.
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