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Tectonic evolution of the Yap trench-arc system
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Abstract: The geological characteristics of the Yap trench-arc system is quite unique, which is dominated by metamorphic rocks and lack of
island arc magmatism. Meanwhile, the trench-island distance of the Yap trench-arc system is abnormally short and the accretion wedge is
absent. In this paper, the tectonic evolution of the Yap trench-arc system is discussed on the basis of geochemical, geophysical and tectonic data.
The metamorphic basement of Yap island has relatively high K,O, Ti and low *’Sr/*Sr ratio, which indicates that the basement is once the
oceanic crust of the Parece-Vela basin. A deep triangular area is located on the east side of the Yap trench which separates the Yap island arc
from the Caroline ridge. The geophysical characteristics of this triangular area demonstrate that the area has not been affected by the Caroline
Hotspot, and then the Caroline ridge does not collide with the Yap island arc directly. Considering the spreading of the Parece-Vela basin in NE-
SW trending at 20~ 15 Ma and the relative sinistral movement of the oceanic crust on both sides of the Parece-Vela basin, the Yap trench is
probably a subduction zone formed by the exposure of the spreading center on the eastern side of the Yap island arc, while the triangular area on
the eastern side of the Yap trench is caused by the re-exposure of the subduction plates.
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Fig.1 a: Regional tectonic map of the Shikoku basin, the Parece-Vela basin and the Caroline plate; b: Geological map of the Yap arc and its

vicinity

bathymetry data from GEBCO 2019; Earthquake data from USGS and CMT
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Fig.2 Geological map of the Yap Island™
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Fig.3

a: F1-F2 diagram of the metamorphic rocks and island arc igneous rocks from the Yap island(WPB: Within Plate Basalts; SHO:

Shoshonites; CAB: Calc-Alkali Basalts; LKT: Low-potassium Tholeiites and Island Arc Basalts; OFB: Ocean Floor Basalts); b: Cr-Ti

diagram of the metamorphic rocks from the Yap Formation; c: Isotope Pb-Sr diagram of the Parece-Vela basin and the Mariana volcanic arc

(Data source: Metamorphic rocks of Yap group: [3, 4, 26]; island arc igneous rocks from the Yap Island: [19]; Parece-Vela Basin: [27-29]; Mariana volcanic

arc: [27-29]; global island arc: GEOROC)

3 T AT S RHE R 4 -5 28 St 1R

T 25 A T 0 55 O Y 5 I ) A R — L A VR
AT FT BY FE 4. . McCabe 1 Uyedalt™ 1A Sk jin & wkikg
e FE L o 5 5 R A R, O O
G BN 1k . Fujiwara 25 A Sk Rlf 48 & A 78 B 9 5T
T, il 78 -5 SORE VAT & 9K A9 IR A0 4 B 2k L =R I Y
-5 B | R AT Hb 5 4 T 1) 5 68 LA SR N
SRR AR AR . AR, PSS HUE BE s, I
ARG I 5 HE TR B AR B2, 8 Z AR — 1 =

FTE B SH U X 3R (& 1), 3% XSk SR i . 77
AR e T 5 DX 3P A0 oA s ot RS L R 4 53K
AT F 1 () 1E W2, Fujiwara 481 A k3 2 0F Wy
J2 JT 4 o B F Bl S5 R Y BT X A = A I
Dong 5512 1A Sy il 25 Al 04 1 I 2 SICZE L rhoi i
AR R, B Rt B T 4R 0 R B ORI R 1k
SECT A M A AT R

T2 AU U 2 A T S B MR B RS, IR Y
A R E R 20 BN A A LI I b Bk B R
TES 8, A H YR HOE L IR S S Ak
SHERE LIRS EN S, 5%



142 YRR M J5 5 56 D0 20 b TR

2019 4F 10 H

PRI U A LU, THHE VR R VA AR I B = A1 T IX K R 4R
W, TEE ) ERI B A s W E ) 2. R
P4 Fujiwara 5510 14 2 My S8 | 327 X AR 3 i1 5k
VI8 A B B 1E )2, 2R 1T0% — M JE X b 7R A
b AE H AR IR BT B A LI 21 5 1 Wt 2 AH OC 19
R A (I 1) o 71 Hb B0 55 78 v 1 1F W7 23 A8 25 2
A5 b 5e R B, SR TZ = AR X P Y Hb e JE B B
e 27 bR G 7 (5] 4c) o X T Dong 25U HEHIAY R
IR UG AE 4 5K B f M AR, 2 — A X
AR B IR 5 TR 1) P %) B, AR T 32 X 3P I 1
A 2] 55 2 IR % Al A b R 2 L S TP
1 RE (& 1b) , W8 B2 B R Tl Y vh e 2445 I R ik
i 2] 32 X3 S [ B 2 DXk P A i 2k 2O N-S
A, 5RE IR N-S 4 5K %) E-W [n] 44 1
LAE . L, i = A8 XN 03 7S IF R 32 2
X R AR AT 52 ), [R] B 2 B0 2 bR U I R 5 RE
W R ARG . O3 — 7 T, R 5 IR R R
— i AR A S B Sk A A - AR TN A A AR AR
FHB- 1 I filf 48 AH OC A9 755 e — 8 e R AR B /R H L X
QNSRS T E ) S ) | B N3 ol 115 o a2 12 4

4 HEW VA -5 FR GEA v Bl [E]

HE VR £ A 85 I SR A P e i TR A 3R R o vl
5 Y Tomil 2He A, HR 4% Map 2H 6 47 5 t— B
TH A T AR 7 s 2 4 W7, Tomil 42 He 5 BT A0 22 4 55 9K
FHRAEAARS R gttt JuM - 55 e i s
B 5 9N E S5 2R BH OO PE AR R A i ZE LR AT HHE
ZIF IR, MR RO e JE R =R Z R
A b 5 B SIS 235 1, ) B TG 248 7 06 2 7F 24 29 Ma
TERD™ 7O, TR £ 1 A8 5T 2 S5 R D0 Sy ey L G
76 %5 NE-SW [i] 4" 5K (20~ 15 Ma) JE iU VESE, BRI
Z AN AEHE T B R b O WA AE A b B ) 1 T i
o PIL, e B A B A S R S AR Y R
S A R AR s ) A A

i 7 OfF v i Bl B TR AT LA B A0 bR R O 2 R
ARF b AR AT R BRI i AR B A O R
B, I T 5 N A e R R R EE R 40 km
LA PRI, R R S BT 1 R S I R A L
T 7% B ), FR ATV A T a A TR oA
FRBOEA (K S) o A B, MR 4 Ulithi £ 7 79 GPS
SR T K50 1 O30 T 0 R YA V) 1 OFF R S mm/a
ZeA, R VT 3 R VA ) B A AR o sl ) A
12.5 Ma, H 33X AR 55 A 1 Al e i 3t 04 48 b LA
T e L VG 2 08 2R T R AR A o AR R T

FIF S0 T 5% I A W L G 4 7 DI A M e Y — T
G, AEIX — It S & 9ICAR M 3 B2 32 A7 AE — I o
A7 X0 IO RS- A A B A e LA K% i L Y A 2
VD95 2 B 47 5K, B3 FP R T SUYHE 5 96 78 4
T B R bk 5 B T8 -9 2R o fl T A O o 7
AR HE T LU V6 98 249 12.5 Ma A {fF of ke
I A AN AT A o

Mo BR Y BEER s (I 4) , HETH & 985 i 22 Ak
RIS IT R e R A R, 3 Z AR — A = e
DI, 12 DX R A B R B K TR L B AY A el 23 )
15 A BB R e 7e IR o R S B M P B
A 55 Jo 0 D Ml S DX 3 () 3 o D A o R, 4910
Tl 55 bR o 0 i S A AL B A B A A M AR A . AR
0 22 AR U 5 = A DX el 2 ] 5 3T 3 5+ 0 BE
U, HiRRIC s (B D) B T AR RV oA 18 IE
Wi JZ B AR o 3 BOX P BE I 2 1) 55 A — Rl a] fig
JEARF VR, AR i A v AR e bR L A T L A
A S b AR D) F I ELDF I 7R 3 A 4 DR,
(TN RSN L) SN RAE & 4 AU T AR (]
AR B, TERE A A A = A Xz B
FEAE BRI, SR T2 = A0 1 DX B4 1l 52 L e
IGE U B9 AR T 00 S (I 4) 2 5 0 b B R R AR AR AT 45
K = A DX IR AR T8 i B BB D 2 B O bl ) o7
AR 25 (&L 5) LKA nfrigie -0 290 - 5508 il 767
T8 AR 00 014 RS- 3 Al B ARF s S B B[] O 29~ 28 Ma,
155 L PG A BT 2 A SIS 9 5K BRI AR AT 4

5 g

FHEHT 8 DI R T A AT (P 1) LA R R A2y (15 2)
S5 75 THUE 4% R AR VA - R e R s AL 2 D T
3 ANBi B, 23 591 iy 1 ¥ T T LRI 0 HEL Y 4 7 7 290
Ja A7 5 LA K o i — e il 2 TR A R A R R L
Y BT T — v BT T A o IR KA JE B Map 2 TR 2
DA K rp o i e A 5 A A T o X i R R Y
T8 H T T A H B, T A 1k =2 T A I 25 SR B b SR AT
TE 75 b — 25 Ity X IO 46 38 it AR RSP P M Bk 11
ARF 0 AT B ThE— F i T L VG Ay v 2
AFF i 4 41 % 1) 355 (1 5) DU 2 Y 3 4% v 3 1 LRI
R OfF vty AR ] BEASL T 2 R U P i R, 1 B AR
YU ASE F 3T £ ORI 25 b e 0 22 1] 14 = £ 2 X3
Z b, Db LG 4E I A A — ARy o P, RO I
IR 309 0 30 0 I B 808 X2 A ) ) 3t o A B 2 L
R I T B B LA SOHE S T AR A B AR R Y
EENS



39 % 5 5 B, 2= = AR I T8 - R 3 e Al R 143

B %2 7] 1 /) 5 H/mGal

-300 -200 -100 0
T T T

134° 136° z 140° 142° 144°E 134 36° 38° 140° 142° 144°E
B4 il SR R B I K sk A s R R () S E R (b) L SRR (o) A E (D
a. b BUEUR IR T BGI, d BB KI5 T NGDC
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Fig.6 Evolutionary model of the Yap subduction zone

KPR: Kyushu-Palau ridge; WMR: West Mariana ridge; CR: Caroline ridge; YA: Yap arc
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