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Asymmetric Topography of Active Young Back-arc
Basins and Tectonic Implications

Chung-Hwa Park*

ABSTRACT : Active young back-arc basin such as Mariana, Havre, Lau, Manus, East Scotia basins have asymmetric
topography of two types in respect to the spreading axis. The arc-trench wing of Mariana Trough, Lau basin and Havre
Trough are shallower toward the active arc, whereas those Manus and East Scotia basins are nearly symmetric to the op-
posite wings. The other asymmetry which shows the spreading axis deviated from the geographic axis toward the active
arc is observed in each basin. Active young back-arc basins show a large variety of asymmetry rates ranging from the
lowest East Scotia Basin to the highest Mariana Trough. The asymmetric topography of these young back-arc basins
seems to be caused by the roliback rate of downgoing slab under the basin. As the rollback rate increases, the asym-

metry rate systematically decreases.

M B

A A S slde] ZAARNE A3 & (mar-
ginal sea basin)olg} B2l th5e] AR o] X
a3 ok 4% 2 A fEES AYEtnes HFE A
Bl oF Qo] AFA oz dds glon, Belx gor
27 ‘S FANE Fotn Utk Gt oz o] A &
Beo a4 da mpyd] mel wisA ¥ (back-arc
basin)@} H]¥l &4 81 (non-back-arc basin)2Z &
% olch. g RS A TR 2 HTFE FHEt
3 A A A &4 (sea-floor spreading)S F3l
HAglold Aoz FegolN 1 glan, 1 o] AL
st sjRer EHstn vk (Taylor, Karner,
1983). A3l ESL GEE B3 AP & T3k
A s|o) A, 188E (paleoridge), X (island arc), 3l
F (trench), A} (seamount), ¥F (rift) 59 534
AGSo| % o] B2 1 o F s ded B
ozq gty B ATE Wy R vzl fEE
Z E3) 33 8532 w4 HESe ¥4 FAdA
B2 vy A ga A, A7 e F

*Agsn g A AFsa (Department of Engine-
ering Geology, College of Engineering, Taejon University,
Taejon 300-716, Korea)

637

=2xo2 a3 Yt

TBARE T A8 RS FFFo| o= § Fo
2 (¢AA ke RL 3 B HoR)m e, 3
ZHoz 1 YPo] 7HE dFE it BEdS HE
& gAY, JxY T it ddAe Bz FUP
(Mid-Oceanic Ridge)E°] th¥el X84 3 Fdol A4
st YA Fe FAF HhAAE Holm iok sjgA] A
vl Z2A Bofx| 1 Qi olEid HtiAA W] a YA
okdel EAAQ EAQR o] #3 EHE AA, AFE
Aoz nj$ 8% FAZ diFHAA fot

B d32Ee gy A, AFEe ] A5d dF
Al A8 Azl st Wz HEES] FE
g A dg FAE 733, o) Bd U HME Fdt
o E3] 31 2529 AESol izt vluiAF A
7 2850 AYz e 72 5AL #Y Aol =3
B Ao Ave it e] @] 4%, g @
3 2AQ FAE A A% T2 712AA AR
7} € Rojoh.

A HEEL 25 AL FL RN e
R oz A48 259 7|Hto] vHlthA oA iAol V1t
A Agete A%, 293§ 7D Aot (Park o dl,
1990)1 229 v} glth =8, 25 FoM T v s/d &
ARAY7} ol R H w2E she 971 8l

H O
TaT



638 s

A

-
Maginal Basins | 7. Kamchatka Baein

45°N

0°

. In Basin 18, Solomon Basin 29. in
Trenches : 20. Woodiark Basln 30. West Scotia Bagin

90°W

A '

11. Parece-Vels 8. 21. Coral Basin

asin
2. Weat Phlippine Basin  22. New Hebrides Basi
13. South China Basin

14 Andamen Basin
i 15. Suly Basin
16, Colobes Basin
17. Benda Basin
14. Croline Basin
Busi

45°S

0°

45°S

E180°W

Fig. 1. Index map of active young back-arc basins treated in the present study.
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Fig. 2. Index map of the Lau Basin. Magnetic anom-
alies identified by Weissel (1977) are also shown. Six seg-
ments LB1 to LB6 (E & W) are defined according to the
anomaly patterns.
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Table 1. Parameters of back-arc basins used for the data processing

Back-arc Basin

**Spreading Rate (mm/a) and Direction

Number of

Phasel

Phase2

seqments Referemces

Basin  Segment

Rate Direction Age(Ma) Rate Direction Age(Me) analysed

Mariana N 0~6 330 N60°E 0~?
33.0 N70°E 0~6

S 0~6  33.0 NOOE 0~6
Havre w 0~18 27.0 N65°w 0~1.8
Lau A\ 0~7 380 N9OE 0~7
Manus NW  0~35 657 N60°W  0~35

0~7 255~284 N9O'E
0~4.5312~369 N9OE 0~4.5

East w
Scotia E

0~4.5 319~332 NOO°E 4.5-~7 6

8 Hussong, Uyeda (1981)
Lonsdale (in prep.)
Karig et al. (1978)

6  Malahoff et al. (1982)

12 Hawkins (1974), Lawver et al. (1976)
Weissei (1977)

4 Taylor (1979), Connelly (1976)

Weissel et al. (1982)
Luyendyk ez al. (1973)

* Ages are inferrd from identified magnetic anomalies, using the reversal time scale of LaBrecque et al. (1977).
** The spreading rate and direction with age range adopted and computed in this study based on the hypotheses of several authors.
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Fig. 5. Age-depth correlation curve of the Lau Basin. Each
point corresponds to a bathymetric value in the cruise files
corrected for sediment load. The data plotted are taken from
all projected and stacked profiles of the Lau Basin. The age
for each datapoint was calculated from the spreading rates.
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Fig. 4. Stacked bathymetric profile of the Lau Basin and Tonga arc-trench system.
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Table 2. Parameters related to the variation of asymmetry rates of back-arc basins

'Zer-Age Cooling  Asym- 2S1ab *Spreading Rollback  ‘Convergence Rate (mm/a)

Back-Arc Depth (m) Coefficient ~— metry Dip Rate (mm/a) (mm/a) CR CRB

Basin rates

*AT *PA *AT *PA (g (B) *AT *PA Totl  **C  **C **MJ **C **MJ
Mariana 3222 366 25 90 33.0 330 66.0 10.0 60.0 340 1030 770
Havre 2805 197 24 65 270 270 540 29.0 510 470 1050 101.0
Lau 1988 276 23 45 380 380 760 38.0 750 720 1250 1220
Manus 1815 2001 363 198 17 45 40.0 65.7 105.7 46.0 430 450 1470 1490
East Scotia 3157 3221 164 60 8 71 345 281 626 66.0 9.0 90 790 790

' The zero-age depth and cooling coefficient were obtained from the equation of age-depth curve calculated in this study.
?Dipping angle of the slab was obtained by synthesis if proposition made by Brooks et al. (1984) and the Wadati-Benioff zone

geometry plotted by using ISC data base in this study.

*The spreading rates are the computed value by using the age inferred from identified magnetic anomalies.

*“CrR”
between the underthrusting plate and the forearc sliver.

is the convergence rate between the underthrusting plate and the major overriding plate.

“CRB” is convergence rates

* “AT” means the active arc-trench side and “PA” means the opposite side of the spreading axis in each basin.
**“C" is the value suggested by Chase (1978) and “MJ” is the value proposed by Minster, Jordan (1978).
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(1978).
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