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Topography and gravity across subduction zones

Paolo Harabaglia and Carlo Doglioni!

Centro di Geodinamica, Universita della Basilicata, Potenza, Italy

Abstract. Topographic and Free-air gravimetric profiles across
subduction zones show two distinct signatures. Average low to-
pography (-1250 m) and pronounced gravimetric anomalies cha-
racterize west-directed subduction zones. Average elevated topo-
graphy (1200 m) and smoother gravimetric waves are peculiar to
east- or northeast-directed subduction zones. These differences
are particularly evident along the Pacific margins, but they per-
sist also along the other subduction zones of the world in the
Atlantic, Mediterranean, Himalayas and Indonesia regions. The-
refore topography and gravimetry confirm the existence of two
separate classes of subduction zones which appear to be inde-
pendent of the age and nature of the subducting slab. It is sug-
gested that these differences might be linked to the 'westward'
drift of the lithosphere relative to the underlying upper mantle.

Introduction

The topographic expression of subduction zones in the Pacific
is impressively different comparing the western and eastern sides
of the ocean. High elevation occurs in the hangingwall of the
Andean subduction whereas average elevation below the sea-le-
vel characterizes the hangingwall of the Marianas and similar
subduction zones. In the Pacific, the subduction zones directed to
the west are steep (up to 90°) and deep (down to 670 km) with
respect to those directed to the east which are in the average
shallower and less inclined [Isacks and Barazangi, 1977; Lund-

gren and Giardini, 1994]. Doglioni [1993] described the geologi-

cal signatures associated with this asymmetry and proposed an
undulate flow of plate motion on the Earth's surface. Along this
flow the asymmetry of the western and eastern Pacific subduc -
tion zones persist as a function of the geographic polarity of the
other subduction zones of the world, even in complicated areas
such as the Mediterranean or Indonesia. The east- or northeast-
directed subduction zones are characterized by orogens with high
structural elevation, double vergence, basement rocks deeply in-
volved by deformation, and two foredeeps with low subsidence
rates. The west-directed subduction zones are instead associated
with low structural elevation, single eastward vergence of the
accretionary prism, mainly sedimentary cover involved, one fo-
redeep with high subsidence rates, and a back-arc basin to the
west.

We aim to better quantify some aspects of these global signa-
tures in terms of topography [e.g. Talwani, 1970] and gravime-
try, and we present representative profiles of the main subduction
zones of the Earth. We used the data base from the Global
Relief Data of the National Geophysical Data Center (Boulder,
CO, USA) and performed a first selection of 22 topographic and
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Free-air gravimetric sections across the most typical subductions
zones of the world (Figure 1). Since gravimetric data are satel-
lite based, it is not necessary to apply any correction (e.g. Bou-
guer); topographic effects are already filtered out. The topo -
graphic sections were positioned along transects that represent
the mean elevation of the subduction systems, with variations
along strike in the order of about 10-15%. These subductions are
clearly divided into two classes. The first, which we named W-
class, and the second, named E-class. W-class subductions
(Figure 1) are directed W (e.g., Marianas, Barbados, Apennines,
Banda) or W-NW (Aleutians) while E-class subductions (Figure
1) are directed E (Oregon, Peru, Chile), NE (e.g. Dinarides, Cy-
prus, Zagros, New Hebrides) or NNE (e.g., Himalayas, Suma-
tra). W-class subductions are characterized by steep subduction
angles (up to 90°), while E-class subductions are associated to
rather low angles (less than 40°). The topographic and gravime-
tric signature of two profiles is affected by the signature of both
types of subductions (W-class Apennines and E-class Dinarides-
Hellenides; and W-class Banda and E-class New Guinea); there -
fore we did not include them in the stack and average profiles
(Figures 2, 3 and 4). We present the two sections separately as
Figure 5. The topographic and gravimetric profiles relative to
the remaining 20 sections comprises 9 subductions of the W-

Table 1. List of the sections across subduction zones used for the
average profiles. a) subduction; b) and c) section extremities
(lat. and long.); d) age of subducting plate (Ma); e) convergence
rate (cm/yr); f) gravity minimum in correspondence of trench
(mgal); g) gravity maximum in correspondence of the arc
(mgal); h) gravity difference between f) and g); i) minimum ele-
vation at the trench (m); j) maximum elevation at the arc (m);
k) elevation difference between i) and j).

a b [ ¢ Jdfe[fJelnfijlk]
E-CLASS
W-ALPS 44.6°N - 3.6°E_| 44.6°N - 16.6°E c 1? - - - - 131711 -
CYPRUS 27.9°N - 28.7°E | 41.3°N - 36.8°E c 1 | -61 | 144 | 205 }-2668)2531 | 5199
ZAGROS 24.2°N-45.7°E | 34.1°N-586°E | ¢ 3] -66 | 61 | 127 | -61 2743 [2804
HYMALAYA 129.2°N - 69.3°E | 40.8°N - 80.9°E c B - - - - 5181
SUMATRA _ [13.3°S- 101.1°E | 0.4°S - 108.9°E | 68-83 | 7 | -106 | 93 | 199 |-6484] 61 ]6545
N- HEBRIDES [18.6°S - 160.1°E | 14.9°5 - 1753°E| >372 | 8 | -50 | 78 | 138 |-4991] 56 |5047
MACQUARIE [50.8°S - 153.3°E | 50.8°S 1- 77.2°E | 48-56 | 2 | -36 | 61 97 |-4214]-444 14658
OREGON [42.6°N - 45.8°W | 42.6°N - 66.3°W| 5-10 | 4 | -77 | 19 | 96 |-3084]2091 |5175
PANAMA 8.7°N - 86.0°W_|13.2°N - 104.6°W} 10-20 | 10| -37 | 74 | 111 {-4923] 610 |5533
PERU 5.0°S - 90.9°W |5.0°S - 106.0°W | 20-33 | 7 | -56 | 54 | 110 }-5062]3200 | 8262
CHILE 29.9°S - 99.2°W |30.2°S - 116.5°W| 33-40 | 8 | -138 | 61 | 199 |-5975[4297 (10272
W-CLASS §
CARPATHIA. |45.7°N - 16.7°E | 45.7°N - 38.3°E c 1? - - - -28 1157 11185
ALEUTIANS ]56.4°N - 179.5°E | 46.4°N - 17.5°W | 48-56 | 7 | -153 | 104 } 257 }-7006]-396 | 6610
KURILES 52.3°N - 146.1°E ]40.5°N - 159.6°E [85-110] 9 | -169 | 120 | 289 |-7965|-235 | 7730
JAPAN 41.3°N - 133.8°E [33.2°N - 149.7°E [120-126] 10 | -143 | 173 | 316 |-7469 | 854 |8323
RYUKYU 30.6°N - 121.3°E |23.4°N - 136.1°E | 48-56 | 6 | -82 | 64 | 146 |-5989| -1 {5988
MARIANAS [18.1°N - 138.8°E | 16.1°N - 154.4°E 153-180] 4 |} -146 | 88 | 234 |-7930]-611 |7319
KERMADEC _|28.1°S - 174.6°E | 27.9°5 - 11.6°W |>120 2| 6 | -190{ 97 | 287 |-8826 L1018 | 7808
BARBADOS [15°N - 111.7°W |14.9°N - 127.3°W} 68-84 | 1 | -221} 98 | 319 |-4579]-845 |3734
SANDWICH _b7.5° - 141.4°W|57.5°S - 169.4°W] 5-120 | 2 | -170 | 58 | 238 |-6994 |1603 | 5391
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