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Origin and tectonic setting of metamorphic rocks in the Yap Island Arc
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Abstract: The Yap Island Arc consists largely of metamorphic rocks and thus differs significantly from the most of island arcs
of the western Pacific. It is crucial to study the origin and process of the metamorphic rocks in the Yap arc for delineating
the tectinic setting of the Yap arc-trench system. In this study, the metamorphic rocks in the Yap arc were analyzed using an
electron microprobe(EMP) to reasearch temperature-pressure conditions of the amphibolite rocks. Results of mineral assem-
blages in metamorphic rocks of Yap arc show that metamorphic facies of Yap metamorphic rocks are greenschist and am-
phibolite. Temperature-pressure conditions of the Yap amphibolite rocks were calculated by the thermobarometry and ba-
rometer on the basis of compositions of mineral pairs. The temperature-pressure results are 493. 6~630 ‘C /3. 8~6 kbar, and
the facies series of which belongs to medium P/T series. The medium P/T series is the characteristic of common orogenic
belts. Considering the results of mineral assemblages and temperature-pressure conditions, we concluded that the metamor-
phic rocks in the Yap arc were formed in the setting of a volcanic arcs. Metamorphic rocks in the Yap arc represent the met-
amorphic basements of Yap arc. The Yap amphibolite rocks were buried in the depth of 15~20 km and the exposure of met-
amorphic rocks is resulted from subduction erosion of the Caroline plate. Caroline Ridges and seamounts enhanced subduction

erosion. The Yap arc basements underwent regional metamorphism, then the uplifted section of volcanic arc were eroded by
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the subduction erotion. Eventually the metamorphic basements of Yap arc croped out the earth surface.

Key words: Yap island arc; amphibolite; regional metomorphism; subduction erosion
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Fig.1 Geological-bathymetric map of Yap arc-trench system in the west Pacific, showing location of sampling sites

The geological setting in the thumbnail images respectively are (D West Philippine Basin, @ Kyushu-Palau Ridge, @ Parece Vela Basin, @ west

Mariana Ridge,® Mariana Trough,® Mariana Ridge, @ Pacific plate, ® Caroline plate. Bathymetric data are from http://www.geomapapp.org/

and map was produced using the GeoMapApp software, basemap was from Ryan [23
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Fig. 2 Photo micrographs and back scattered electron images of the representative

amphibolite sample (Y3-9-10) and greenschist (Y3-9-12) in Yap arc

(a)and(b)are photomicrographs of amphibolite sample (Y3-9-10), plane-polarized light and crossed polarized light, respectively. (¢)is back
scattered electron images of Y3-9-10. Amphibolite samples have columnar, granular crystal structure. (d)and(e) are photo micrographs of
greenschist sample (Y3-9-12), plane-polarized light and crossed polarized light, respectively.(f)is back scattered electron images of Y3-9-12.

Greenschist samples have flake crystal structure. Abbreviation: Amp, Amphiboles; Plg, Plagioclase; Ep, Epidote; Mt, Magnetite
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Table 1 Mineral assemblages of metamorphic facies at the Yap arc
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Fig.3 Classification and Nomenclature of the calcicamphiboles in Yap samples.
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Table 2 Representative mineral chemical composition of amphiboles,
clinopyroxenes and feldsparsin amphibolites samples of Yap arc
Y3-9-6 Y3-9-8 Y3-9-10 Y30059-1 Y3-9-6 Y3-9-8 Y3-9-10
fAINA PRI A
N =25 N=14 N=16 N=12 N=1 N=2 N=9
SiO» 45,24 44.92 45,02 44.59 SiO» 51.70 45.50 52.33
TiO, 1.20 0.82 0.88 1.74 TiO; 0.25 0.78 0.12
Al; O3 10.45 10.62 9.53 9.95 Al; Oy 2.75 9.53 1.45
Cr; O 0.13 0.08 0.07 0.05 Crz 03 0.03 0.12 0.02
FeO 15.93 13.35 15.74 13.70 FeO 10.49 12.92 8.48
MnO 0.29 0.26 0.34 0.31 MnO 0.35 0.24 0.42
MgO 12.11 13.14 12.34 13.23 MgO 12.84 13.65 13.22
CaO 10.97 11.79 11.85 11.42 CaO 21.37 11.91 23.25
Na, O 1.86 1.68 1.30 1.66 Na; O 0.58 1.65 0.44
K;O 0.08 0.81 0.69 0.86 K,O 0.03 0.71 0.02
Total 98.26 97.47 97.76 97.50 Total 100.40 97.00 99.75
T i Si 6.52 6.55 6.59 6.51 Si 1.93 1.76 1.96
AlY 1.48 1.45 1.41 1.49 ALV 0.07 0.24 0.04
Tiav 0.00 0.00 0.00 0.00 AV 0.06 0.19 0.03
Cfi AV 0.30 0.38 0.23 0.22 Ti 0.01 0.02 0.00
Ti 0.13 0.09 0.10 0.19 Cr 0.00 0.00 0.00
Cr 0.01 0.01 0.01 0.01 Fed! 0.06 0.24 0.05
Fe®" 0.98 0.56 0.76 0.69 Fe? " 0.27 0.17 0.21
Fe* 0.94 1.07 1.17 0.98 Mn 0.01 0.01 0.01
Mg 2.60 2.86 2.69 2.88 Mg 0.72 0.79 0.74
Mn 0.04 0.03 0.04 0.04 Ca 0.86 0.49 0.93
B i Fe?" 0.00 0.00 0.00 0.00 Na 0.04 0.12 0.03
Ca 1.70 1.84 1.86 1.79 K 0.00 0.04 0.00
Na 0.30 0.16 0.14 0.21
A i Na 0.21 0.32 0.23 0.26 Wo 44.82 29.06 47.86
K 0.01 0.15 0.13 0.16 En 37.49 46.36 37.89
Total 0.23 0.47 0.36 0.42 Fs 17.69 24.58 14.25
Y3-9-6 Y3-9-8 Y3-9-10 Y3-9-12 Y30059-1
KA ks ks #WKkAO ke ERA KA $ika dRa ke BRA ke ks fikea ke
N=7 N=7 N=5 N=11 N=6 N=15 N=2 N=11 N=7 N=7 N=2 N=2 N=4 N=23
SiO: 59.78 52.51 63.54 65.58 62.56 64.27 64.25 56.72 54.32 64.03 61.41 53.21 48.63 57.89
Al O3 32,04 29.94 17.93 21.71 23.25 18.31 25.24 27.17 28.21 23.48 26.16 29.06 32.40 26.15
FeO 0.07 0.29 0.16 0.18 0.24 0.06 0.16 0.24 0.27 0.22 0.16 0.20 0.31 0.28
CaO 0.81 12.83 0.04 1.32 3.96 0.04 0.77 9.07 11.01 4.24 7.62 11.90 15.84 8.38
Na; O 6.94 4.30 0.16 9.52 8.92 0.30 8.58 6.16 5.17 8.88 4.89 4.74 2.54 6.78
K,;O 0.02 0.03 17.05 1.45 0.74 17.25 0.23 0.23 0.21 0.25 0.08 0.03 0.03 0.21
Total 99.67 99.90 98.88 99.75 99.66 100.22 99.22 99.60 99.18 101.09 100.32 99.13 99.75 99.68
Si 2.60 2.39 2.99 2.89 2.78 2.98 2.82 2.56 2.47 2.80 2.70 2.43 2.23 2.60
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Al 1.64 1.60 0.99 1.13 1.22 1.00 1.30 1.44 1.51 1.21 1.35 1.56 1.75 1.39
Fe 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.04 0.62 0.00 0.06 0.19 0.00 0.04 0.44 0.54 0.20 0.36 0.58 0.78 0.40
Na 0.59 0.38 0.01 0.81 0.77 0.03 0.73 0.54 0.46 0.75 0.42 0.42 0.23 0.59
K 0.00 0.00 1.02 0.08 0.04 1.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01
Total 4.87 5.00 5.03 4.99 5.01 5.04 4.90 5.00 5.00 4.98 4.84 5.00 5.00 5.01
An 6.07 62.14 0.18 6.51 18.86 0.20 4.62 44,28 53.42 20.57 46.02 58.03 77.37 40.09
Ab 93.71 37.68 1.37 84.99 76.94 2.57 93.75 54.37 45.37 77.97 53.41 41.82 22.45 58.73
Or 0.22 0.18 98.46 8.50 4.20 97.23 1.63 1.35 1.22 1.46 0.57 0.15 0.17 1.18
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Table 3 P-T estimates for the metamorphism

of amphibolite samples in Yap arc
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Y3-9-8 572.2~630.1 5.0~6.0 — —
Y3-9-10 493.6~620.6 3.8~5.7 721~851 1.4~5.9
Y30059-1 582.4~625.6 4.6~5.5 742~822 2.3~4.8
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Fig.5 Temperature-pressure diagram showing the

generally accepted limits of the various metamorphic

facies under different tectonic conditions
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nite. The data plotted in the diagram are the results of amphibole

thermobarometry
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Fig.6 Schematic illustration of the metomorphic basements of Yap island arc and generic model of subduction erosion
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