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Examination of collision uplift around the base of
the lzu Peninsula using GNSS time-series data

Kazuma MocHIZUKI and Yuta MITsur!

Abstract Geological studies have proposed collision of the Izu-Mariana arc with the Honshu arc over
ten million years. At present, the collision may occur around the base of the Izu Peninsula. This study
attempts to detect the uplift by GNSS (Global Navigation Satellite System) data. Using the F3 solution
data from January, 2000 to January, 2010 and re-analyzed data by a Precise Point Positioning method
from 2006 to 2010, we show spatial distribution of vertical displacement around the Izu Peninsula. As
a result, we find the uplift at the base of the Izu Peninsula as well as subsidence on the other sides of
the bays beside the Izu Peninsula due to interplate locking. Next, we model the collision of the Izu
Peninsula by elastic dislocation and try to reproduce the uplift at the base of the Izu Peninsula. A grid
search for the F3 solution data clarifies that elastic collisional sources work at 0.0 mm/yr on the eastern
foot of Mt. Hakone, 16 mm/yr on the northern foot, and 13 mm/yr on the western foot. Furthermore,
in order to eliminate influences of volcanic activities during the observation period, we remove non-
stationary volcanic deformation of Mt. Fuji and Mt. Hakone from the F3 solution data on the basis of
previous studies. This examination also reveals the uplift at the base of the Izu Peninsula, although the
collision rate on the northern foot of Mt. Hakone turn out to be smaller by an order of magnitude. The
present uplift rate revealed by GNSS does not contradict heights of the Tanzawa Mountains, which
supports the hypothesis of the collision-derived mountain formation, but the spatial difference between
the peak uplift area (present) and the Tanzawa Mountains implies a long-term drift of the collision zone
of the Izu Peninsula.
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Map around the Izu Peninsula. The Izu collision zone is located around the base of the Izu Peninsula.
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Fig. 2 A schematic of the dislocation model about the elastic collision. In this study, we regard “Elastic deformation” in this figure as an

elastic collisional source.
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Fig. 3 Vertical displacement rate (2000-2010) using the F3 solution data. There seems the uplift around the base of the Izu peninsula as well

as the subsidence on the other sides of the bays beside the Izu Peninsula. We use vertical displacement rates at an observation area of the

blue frame for estimating deformation of elastic collisional sources.
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Fig. 4 Vertical displacement rate (2006-2010) using the re-analyzed data. The trends are similar to the results using the F3 solution data (Fig.

2). We use vertical displacement rates at an observation area of the blue frame for estimating deformation of elastic collisional sources,

again.

BheEzonsg,

M43 PEE & Z O REEH QBT 7 — £ O FEHfE
DMERD O TH 5, M3 LT - ARG IZFA—TH 3.
FRNT 7 — & X F3fR & SR 0s% ., Z UL, F3
AT —2 &0 HBHBH O R HFETH D, B
PN O TF— X2 HHTE 2BMEI 2 722 LT &
2. MA4DZEBHOMEmITLEEE LT3 EMTED, F3
BT —2 LAY RADHEEZITTVWDEIHDEEFZL
N5, F3RET—& L BE L, B IR AR o PUREE T A3K
S Lo TWDZ LIk, 2000-20054F 120 F THLE L T2
G TR T — XY v A RV b DR RN T —
AP TVWENWZ EILX D EEZLND,

Mk, F3fifT—% « BT T — 2 OM T — %05, F
SR EIEITIAE I mm R E o FERE SR o s
Lsbhotz,

HESNT-BHRHRIC L EEEE

X520 5% 8 %TIz, 22Tk 2B OHEEM & &
& DIEBAERE/RT. REREDMFERE O ITRTIE
W2H B AEOEIEE RS, —F, BRENIEMERED
RS EBEE CHll) (flf22) LA, 27Utk 3
BB EFHE LR, RO N2 KEN S OZHEE %
#£3 OB, HEICX ORI 2 Z0EHRELHEMESE
g 2), KELHMNETEEIZKS - K4 LH—TH 2.
K5I F3ME T — &2 % W TEZE DI OALE & HEE 2 E)
EE (2hEETFN) ORTH D, KHIFEOETEHEE X
70 v ¥ —F OfER, FHRLHEED HIET0.0 mm/yr,

FARIUPEEE D HIHT13 mm/yr & &> 72, M6IXF3fET —
A EHOCTEEDEOME & HEELBHE (3hEET
V) OETH 5. % HIROZEENEEE S FAR LB D PR
0.0 mm/yr, FARIALEE D HIET16 mm/yr, FARILIFE
BCTI13 mm/yr & Loz, RTIZEMFRIT T — % % i
FHIEONIE L HELBEE (2DFEET V) OHTH
2. ZHIOEEEE ZFARILIEE O 0.0 mm/yr,
FARILTPEE O DI T 11 mm/yr & 7% o 72, X 81X FHENT
F—= X HOTAEHREDIEOMIE & HEELEHE (3 HIF
TTNV) ORTH S, FHIROLEYEEE S FAR LB D
HPET0.0 mm/yr, FEARILAGEE D IR T 15 mm/yr, FER
PG CT10 mm/yr &£ 572, WIRDOFERIZEVWTD,
FARIUHE CIIHEEZEZE LT TCRVWEWD ZE05h
"oz,

M50 5K8 kD, MENIFEEELIHEEIZH 2H
WAREOFEREIZ L, F3FIzBIT 22 hEE T VDG
BAE DSB8 DT F IR TEW Z & A HTH
N5, EEE F3REIZBIT 22 HHEFVDAICIE—97.0,
F3fRIZBI 23 HEEF LD FIZ—1000TH B, 2
DZEDPL, SHEETNVOEBRIDHEELTVWS LS
Z2 5. ZOXWE, FETT -2 B0 THEETHY,
2HEEFAVDAICIZ—994TH2DIzHL, 3HEET
NVTIE—103.9TH 3. koT, MF—XITBWT2HIH
ETNEDIHFEETNVOBEEENEWEEZ S, £ L
T, MFy—42Ld, 3HFEETvTHIE, HEIIRIZ
X o THEAEEBOMIELE H 2 REHHTE 2 2 LA
ooz,



YA - 2R

138730’ 139°00" 139730

35°30"

Collision rate

Eastern foot of
Mt.Hakone: 0.0 mm/yr

Collision rate

Western foot of
Mt.Hakone: 13 mm/yr

35°00"

AIC : —97.0

138730’ obs. cal, 139700 Ref. 139730
: y MANBA
5 mm/yr 5 mm/yr

5 F3fi7 —xIzB1 2950 (obs.) & 2HHE 7 VT X Z55ME (cal.) ZR LT,
Fig. 5 Comparison between the observed displacement rate using the F3 solution data and the calculated rate based on the two-source model.
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Fig. 6 Comparison between the observed displacement rate using the F3 solution data and the calculated rate based on the three-source model.
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Fig. 7 Comparison between the observed displacement rate using the re-analyzed data and the calculated rate based on the two-source model.
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Fig. 8 Comparison between the observed displacement rate using the re-analyzed data and the calculated rate based on the three-source

model.
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Fig. 9 Comparison between the observed displacement rate using the F3 solution data with eliminating the volcano effects and the calculated

rate based on the three-source model. The uplift rate near Mt. Fuji and Mt. Hakone turns out to be smaller than the previous result (Fig.

5).
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Fig. 10 Calculated vertical deformation on the surface based on the three-source model in Fig. 8. The uplift rate is the largest on the western

foot of Mt. Hakone (~ 3.5 mm/yr).
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