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Magma genesis and evolution of source composition during the weakening of Caroline mantle plume activity
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Abstract: The Caroline seamount chain consists of Chuuk (14.8~4.3 Ma), Pohnpei (8.7~ <1 Ma), Kosrae (2~ 1 Ma) islands and a series of
seamounts as the result of late-stage mantle plume. Geochemical variations in the seamount chain can deepen the understanding of late activity
of the mantle plume. The whole rock major- and trace-elements, electron probe mineral analyses of the samples from Chuuk and Kosrae islands
were conducted, and the results were compared with published data of Pohnpei. Kosrae and Chuuk islands are composed of nephelinites and
alkaline basalts, reflecting typical ocean-island alkaline basalts in trace element patterns. Olivine phenocrysts in the samples are Ni-enriched but
Ca-Mn—depleted, which is similar to olivines from Hawaiian OIB (ocean island basalt), suggesting the existence of pyroxenite in the mantle
source. The presence of carbonate melt inclusions in the olivine phenocryst (Fo=85 mol%) of Kosrae nephelinite indicates that CO, plays an
important role in mantle melting and magma generation. The average La/Sm ratio of volcanic rocks gradually increases from Chuuk, Ponape, to
Kosrae, which may reflect the decreasing degree of mantle melting during the weakening of the Caroline hot spot activity. In addition, the
Nb/Nb" ratio decreases with the increase of La/Sm, Sm/Yb ratios and the decrease of SiO,, indicating the enhancing effect of CO, due to the
decrease in mantle melting degree. Therefore, the continuous geochemical changes of volcanic rocks from Chuuk, Ponape, Kosrae islands are cau-
sed by the gradual weakening of Caroline mantle plume activity, during which CO, plays an increasingly obvious role in genesis of volcanic rocks.

Key words: mantle source; alkali basalt; degree of partial melting; olivine; Caroline seamount chain
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Fig.1 Distribution of Caroline Islands (a) and the sampling points in Kosrae Island (b)

Bathymetric data are from http://www.geomapapp.org/ and map is produced using the GeoMapApp software.
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Fig.2 Total alkalis vs SiO, (TAS) diagram of volcanic rocks of
the Caroline Islands

Data of volcanic rocks of Pohnpei are from reference [22].
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Table I Whole-rock major element compositions of Chuuk and Kosrae samples
B Na,O MgO ALO; Sio, P,05 K,0 Ca0 TiO, MnO Fe,05r LOI it
CHK-1 2.16 11.30 12.40 45.10 0.31 0.57 10.20 2.79 0.16 14.50 - 99.49
CHK-4 2.44 9.04 13.90 45.00 0.36 0.76 10.30 3.28 0.17 14.90 0.38 100.52
CHK-5 2.20 11.60 12.50 44.70 0.31 0.59 10.10 2.96 0.16 15.00 0.49 100.61
CHK-6 2.24 8.90 14.00 44.50 0.36 0.68 10.40 3.22 0.16 14.20 1.36 100.01
CHK-7 2.47 8.53 14.10 45.30 0.38 0.67 10.20 3.24 0.16 14.10 1.38 100.52
CHK-8 2.35 9.07 13.70 44.50 0.37 0.74 10.30 3.19 0.17 14.60 0.84 99.82
KSR2-2 2.37 12.80 10.00 41.20 0.67 0.70 12.60 3.43 0.19 13.60 1.44 99.00
KSR4-1 4.00 13.60 9.79 39.20 1.20 0.97 12.80 3.25 0.21 13.80 0.24 99.06
KSR4-2 3.68 13.90 9.69 38.80 1.17 0.91 13.00 3.28 0.20 14.00 0.50 99.14
KSR4-4 4.06 13.20 9.98 39.30 1.21 0.93 12.80 3.26 0.21 13.80 0.37 99.12
KSR5-2 391 13.30 9.73 38.80 1.30 1.28 13.00 333 0.21 14.10 0.22 99.17
KSR6-1 0.71 15.40 8.97 39.80 1.04 0.10 13.30 3.09 0.19 13.60 2.93 99.13
KSR6-2 1.13 15.40 8.93 40.10 0.98 0.25 13.30 3.10 0.19 13.60 2.00 98.98
KSR6-3 0.91 15.90 8.86 40.20 0.99 0.17 13.20 3.08 0.19 13.70 2.34 99.54
KSR7-1 1.33 14.60 10.50 41.70 0.60 0.57 11.60 3.25 0.20 13.50 1.60 99.45
KSR7-2 1.74 13.40 11.20 42.00 0.66 0.75 11.50 3.36 0.17 13.50 1.52 99.81
KSRS-2 2.30 11.50 11.50 43.30 0.63 1.10 11.80 3.37 0.18 13.20 0.88 99.76
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data from reference [26].
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