Abstract:

Olivine is magnesium-iron silicate, (Mg,Fe),SiO,, a common mineral in basalt and
other mafic igneous rocks that make up the oceanic crust. It is found in all
compositions between pure magnesium silicate (forsterite) and pure iron silicate
(fayalite), and olivine composition is often given as a number from zero to 100, where
Fal00 is pure fayalite. Forsterite is white and fayalite is dark brown, but olivine is
usually green.

Sobolev in determining the composition of olivines stated that his data “show that the
unusually high nickel and silicon contents of most parental Hawaiian magmas are
inconsistent with a deep olivine-bearing source, because this mineral together with
pyroxene buffers both nickel and silicon at lower levels (Sobolev, et al., 2005, p.590)".

The purpose of this project is to determine the amount of Ni in olivines from St. Helena,
a small island in the south Atlantic Ocean. If Sobolev’s hypothesis is correct, then
there should be high Ni content in the samples from St. Helena’s.

Compositions of Olivines from Mantle-derived Rocks
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Figure 1 (Sobolev, et al. 2005, p.591)

Background:

This is the third set of samples analyzed as a part of the RET program during the
Summer of 2007. Previously, we measured the isotopic composition of samples from
the Mid Ocean Ridge and samples collected from the AHA-Nemo cruise of 2000.

The samples were analyzed using laser ablation and inductively coupled plasma
mass spectrometry. Data was recorded in counts per second and translated to parts

per million.

St. Helena’'s Island

Hypothesis:

The prevalent mineralogy of the mantle contains approximately
50% olivine. Nickel partitions strongly into the olivine. Melts
derived from an olivine bearing source and the olivines that
crystallize from those melts will thus have relatively low Ni
content.

Olivines from Hawaiian magmas have relatively high Ni contents
suggesting that the magma source is devoid of olivine. Sobolev
et al (2005) suggests that the Hawaiian magma source is
recycled oceanic crust which is devoid of olivine.

It has long been recognized based on their isotopic composition
that the source of the basalts from St. Helena (Atlantic Ocean)
have a large recycled crust component (larger than Hawaii).

If Sobolev’s assertion of an olivine free recycled oceanic crust is
correct for Hawaii, then this signature of high Ni content should be
even stronger at St. Helena.

Method:

Nine samples from St. Helena Island were placed in an
aluminum mount. They were then ground and polished. The
mount was placed in a laser ablation device to be analyzed.
The St. Helena samples were ablated using a UP-213 Laser
Ablation System. The Laser was set to a spot size of 80 um, a
rep rate of 10 Hz and an energy level of 50%. The ablated
materials were carried from the laser to the Element Finnegan 1
High  Resolution Inductively Coupled Plasma Mass
Spectrometer on a flow of Ar and He.

Inductively Coupled Plasma Mass Spectrometry is a type of
mass spectrometry that is highly sensitive and capable of the
determination of a range of metals and several non-metals at
concentrations below one part in 1012. Material carried into the
plasma by the Argon stream is first ionized, then separated by
mass through a magnetic field and the ions of an individual
mass are counted with an electron multiplier.

Olivine Ablation of Olivine
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Data Collected:

Mg25(LR) | S129(LR) | ca43(tR) | Tu7(R) | crsa(R) | mnss(LR) | Fes7(LR) [ Coso(LR) | N6O(LR) | Cub3(R) [ zn6e(LR) [ sie6(LR) [ YB9WLR) [ zr90(R)

H13 340,436.00 0.40 000 | 11903 | 10840 | 185950 | 30827950 | 199.40 | 1498.00 416 | 10701 0.47 014

023

H28 317,519.00 0.40 000 | 11768 | 12830 | 206871 | 34551510 | 197.10 | 132100 160 | 13440 0.17) 014

007

H3s 336,496.00 0.40 000 | 9720 | 12030 | 180169 | 22719410 | 18370 | 151100 247 | 9830 0.28 012

0.04

Hed 323,919.00 0.40 000 | 10143 | 5190 | 231243 | 35715230 | 20250 | 134300 | 1539 | 13430 0.19 0.15

0.06

Hes 324,802.00 0.40 000 | 10692 | 17380 | 212640 | 31753470 | 187.30 | 137500 157 | 12279 0.03 015

0.06

H74 328,620.00 0.40 000 | 9681 | 20270 | 1997.90 | 32849600 | 18540 | 191400 186 | 15238 0.37) 015

011

H75 298,979.00 0.40 000 [ 15344 1570 | 313377 | a7igro40 | 21510 | 887.00 131 | 19518 0.14) 021

011

Hes 336,886.00 0.40 000 | o763 | 11030 | 184332 | 20780970 | 187.10 | 1689.00 320 | 11001 014 013

0.06

W1z | 30681300 0.40 000 | 117.00 | 7300 | 205560 | 33918140 | 18590 | 133400 178 | 147.90 867 0.16)

0.06

Average | 323830.00 040 000 | 11190 | 11038 | 213327 | 33255924 | 19372 | 143022 370 | 13360 116 015

0.09

Interpretation:

The figure on the right shows the variation of the
NI counts with the Mg/Fe ratio. The decrease in *
Ni with decreasing Mg/Fe indicates the olivines .

belong to a regular crystallization sequences with | °
the high Mg/Fe ratio olivines being the early | o

crystallites. Olivines with the high Mg/Fe count | zou . :.c,:’
ratio correspond to olivines with forsterite | .. N L
contents between 89-85%. Analysis of the a| .
standard (NIST 612) allows conversion of the Ni .

counts to concentrations. The high-Mg/Fe-St.
Helena olivines contain at most 0.2 weight % NiO.
This is significantly lower than the Hawaiian | °~
olivines. Vosre

+Seriest

Conclusions:

Our data show a relatively low content of Ni in the St. Helena samples. Therefore, our
data obtained on samples that are the type locality for recycled oceanic crust do not
support a olivine free magma source. Therefore, our data does not support the
inferences made by Sobolev et al (2005).

Placing the sample in the UP-213
Laser Ablation System

UP-213 Laser Ablation System

Plasma of the ICP-MS

Analyzing the Data

References:

Sobolev, A.; Hoffman, A; Sobolev, S; Nikogosian, I. (2005). An olivine-free mantle source of
Hawaiian shield basalts. Nature. v434. p.590-597

geoeco.ifrance.com/g%E9ologie/petromag.html|
http://geology.about.com/library/bl/images/blolivine.htm
www.sthelena.se/
http://ags.ou.edu/~bweaver/Ascension/sh-map.gif

http://www.graphicmaps.com/webimage/countrys/islands/atlantic/sthelena.htm

&




