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Tectonics of the Western Gulf of Oman 

ROBERT S. WHITE 1 

Department of Geodesy and Geophysics, University of Cambridge. Madingley Rise, Cambridge, United Kingdom 

DA v1o A . Ross 

Department of Geology and Geophysics, Woods Hole Oceanographic Inst itution, Woods Hole, Massachusells 02543 

The Oman line, running northward from the Stra it of Hormuz separates a continent-continent pl a te 
boundary to the northwest (Persian Gulf region) from an ocean-continent plate boundary to the southeast 
(Gulf of Oman region) . A large basement ridge detected on multichannel seismic reflection and gravity 
profiles to the west of the Oman line is probably a subsurface continuation of the Musandam peninsula 
beneath the Strait of Hormuz. Collision and underthrusting beneath Iran of the Arabian plate on which 
this ridge lies has caused many of the large earthquakes that have occurred in this region . Convergence 
between the oceanic crust of the Arabian plate beneath the Gulf of Oman and the continental Eurasian 
plate beneath Iran to the north is accommodated by northward dipping subduction. A deformed sediment 
prism which forms the offshore M akran continental margin and which extends onto land in the Iran ian 
Makran has accumulated above the descending plate. In the western part of the Gulf of Oman , con tinued 
convergence has brought the opposing continental margin of Oman into contact with the Makran 
continental margin. This is an example of the initial stages of a continent-continent type co lli sio n. A 
model of imbricate thrusting is proposed to explain the development of the fold ridges and basins on the 
Makran conti nental margin. Sediments from the subducti ng plate are buckled and incorporated into the 
edge of the Makran continental margin in deformed wedges and subsequently uplifted along majo r fa ults 
that penetrate the accretionary prism further to the north. 

I NTRODUCTION 

Surveys made from RRS Shackleton [White and Klitgord, 
1976; White, l977a , 1978] show that subduction of the oceanic 
part of the Arabian plate in the Gulf of Oman beneath the 
continental Eurasian Plate to the north has caused consid
erable folding and thrusting of the sedimentary prism which 
forms the Makran continental margin of Pakistan and Iran. In 
the Persian Gulf and southern Iran, to the northwest of the 
Gulf of Oman, the continental part of the Arabian plate is in 
collision with the Eurasian plate (see inset Figure I). 

Separating the continent-continent plate boundary from the 
oceanic-continent plate boundaries is a major structural fea
ture with a large strike-slip component that runs northward 
from the Strait of Hormuz a nd is commonly referred to as the 
Oman Line [Lees, 1928; Falcon, 1973, 1975; Farhoudi and 
Karig, 1977] . The Oman Line has been in existence since at 
least the Cretaceous, leading to strikingly different geology on 
either side of the line. Present day tectonic processes are also 
markedly different on each side of the Oman line, resulting in a 
belt of high seismicity in southern Iran to the west and the 
absence of all but a few earthquakes to the east [Nowroozi, 
1976; Ja cob and Quittmeyer, 1978] . 

The gravity anomaly map of the western Gulf of Oman and 
the Strait of Hormuz (Figure 2) shows a marked discontinuity 
at the position of the Oman line. Gravity contours tend to be 
aligned roughly east-west in the Makran region and be less 
negative in magnitude than the more confused pattern on the 
western side of the Oman line. The difference in the gravity 
field on either side of the Oman line may be caused by the 
contrast between the relatively thin oceanic lithosphere which 
probably lies beneath the accretionary sediment wedge of the 
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Makran in the east and the thicker continental lithosphere 
beneath the Zagros in the west. 

There are major differences in the geology across the struc
tural discontinuity marked by the Oman line. To the west lie 
the Zagros Mountains, which have a thick Paleozoic, Meso
zoic, a nd Tertiary sequence of sedimentary rocks that were 
deposited in a relati vely shallow shelf sea . The entire sequence, 
above a decollement zone that lies in an Eocambrian sa lt layer, 
is folded into a simple series of anticlines trending NW -SE 
which date from the Pliocene and Pleistocene [Shearman , 
1976]. Numerous diapiric salt domes intrude the eastern part 
of the Zagros Mountains [Falcon, 1974; Ala, 1974; Berberian, 
1976] . Both the Zagros folds and the salt structures are trun
cated a bruptly at the Oma n line, as shown in Figure l . The 
geological structure of the Makran, which lies to the east, is 
entirely different from the Zagros . The rocks are mainly Upper 
Cretaceous to Miocene sandstones and sha les laid down in a 
marine trench and on the continental slope [Falcon , 1974; 
Berberian, 1976; Shearman, 1976]. This flysch sequence is 
greatly shortened by folding an d thrusting in a north-south 
direction [Hunting Survey Corporation, 1960] . A highly con
torted Jurassic and Cretaceous melange and a belt of late 
Cretaceous to Tertiary volcanism lies to the north of the flysch 
belt, several hundred kilometers from the present coast. 

Although the deep crustal movement on the Oman Line is 
predominantly strike-slip in a right latera l sense [Corn elius et 
a!., 1973], the present day surface faulting is concentrated on 
the Zendan fault which displays a strong component of east
west compression [Shearman, 1976] . The fault plane is a high 
angle thrust dipping eastwards . Compression has been act ive 
since the Mio-Pliocene, causing folding and thrust faulting on 
and to the west of the Zendan fault. Underthrusting of the 
continental material of the Arabian plate beneath the Eurasian 
plate north of the Strait of Hormuz is responsible for lateral 
compression across the Oman Line. 

This paper discusses the deformation of the Makran conti
nental margin and the western part of the Gulf of Oman and 
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Fig. I. Map showing location of tracks with continuous seismic profiles, gravity, magnetics and bathymetry in the 
western Gulf of Oman. Tracks numbered 15-19, inclusive, are multichannel seismic profiles taken by RV Atlantis II. Tracks 
labelled 20--23, inclusive, are single channel seismic profiles from RRS Shackleton. Inset shows location of area. Major 
geological trends indicated on land are taken from Hudson eta/. [1954], Ahmed [1969), and Berberian [1976). 

investigates the changes in structure which occur to the west 
where the opposing continental margin of Oman impinges on 
the Makran margin. 

Equipment 

The multi-channel seismic profiles obtained aboard R V At
lantis II (cruise 93 , leg 18) in 1977 used a six-channel streamer 
with an array of Bolt airguns as the sound source. Individual 
trigger delays were applied to each gun such that the primary 
output pressure pulse of each gun added in phase, while the 
bubble pulses were largely cancelled. A firing interval of 30 
sees was used, and a single channel real-time display recorded 
on a variable density Hewlett-Packard X-Y plotter (as shown 
in Figures 8, 9). The digitally recorded data were later filtered, 
deconvolved and stacked, then displayed in variable area for
mat (as in Figures 3, 5, 6, 7). The six-channel array allowed 
significant enhancement through common depth point stack
ing only where the water depth was less than about I km. 
Stacking velocities were calculated approximately once every 7 
km from move-out across the multichannel array, supple
mented by velocity determinations from disposable sonobuoys 
deployed over the flat-lying portions of sediment. 

The seismic profiles taken by RRS Shackleton in 1975 used a 

single channel Geomechanique streamer and a single airgun 
source fired once every 10 s (e.g., Figure 10) in the deep water 
of the Gulf of Oman; greater penetration and resolution was 
achieved with the single channel system than with the multi
channel array largely because of the higher repetition rate. In 
the shallow water of the Strait of Hormuz, however, the proc
essed multichannel records are consistently better. 

Continuous gravity measurements were made aboard RV 
Atlantis II using a vibrating string gravimeter and aboard RRS 
Shackleton using a LaCoste-Romberg gravimeter. The total 
field magnetic intensity was sampled with a Varian magnetom
eter. Continuous 3.5 and 12kHz echo-sounding profiles were 
also recorded. Navigation was by a combination of a Magna
vox Satellite Navigator, Decca and Doppler log. 

WEST OF THE OMAN LINE 

Northern Continuation of the Musandam Peninsula 

The Musandam, or Arabian, Peninsula projects some 250 
km northward from the Arabian mainland (Figure I). To the 
west lies the Persian Gulf, a shallow sea underlain by a thick 
sequence of Paleozoic and Mesozoic limestones and dolomites 
[Mina eta/., 1967; D. A. Ross et al. manuscript in preparation, 
1979]. The narrow Strait of Hormuz separates the Musandam 
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Fig. 2. Gravity anomaly map of the western Gulf of Oman and the Strait of Hormuz. Free-air gravity anomalies used 
at sea, Bouguer gravity anomalies on land . Gravity values at sea are from cruises by R V Meteor ( 1965), RRS Shackleton 
(1975), and RV Atlantis 11 (1977). Anomalies were obta ined using the 1967 International Gravity Formula with earth 
flattening of I / 298.25 and a Potsdam base value of981.260 gal. Location of gravity measurements shown as thin lines at sea 
and as dots on land. Contour interval 20 mgals. 

Peninsula from Iran to the north ; to the southeast is the Gulf 
of Oman, which rapidly deepens to an abyssal plain nearly 3~ 
km deep . Multi-channel reflection profiles were taken through 
the Strait of Hormuz and down the eastern side of the Mus
an dam Peninsula, but unfortunately the streamer became en
tangled several times with fishermen 's nets in the shallow water 
and only two lines (labelled I 5 and 16 on Figure I), yielded 
good data. 

Immediately apparent on the east-west seismic profile in the 
Strait of Hormuz (Figure 3) is a large basement ridge which is 
completely buried by sediment. Sediment layers onlap the 
basement from both sides . To the west of the ridge the sedi
ment horizons are horizontal, while on the other side they dip 
gently to the east. 

The basement ridge is probably a northward continuation of 
the Musandam Peninsula. Structurally, the rocks outcropping 
on the peninsula belong to a 3400 m thick unit, known as the 
Ruus al Jibal unit, which was thrust a short distance from the 
northeast in Neogene times. The thrust consists almost entirely 
of shallow water marine limestones, with some marls and 
dolomites, ranging in age from Permian to Lower Cretaceous 
[Hudson eta/., 1954; Hudson, I 960; Alleman and Peters, 1972; 
South, 1973] . Beneath the Ruus al Jibal thrust unit are Jurassic 
and Lower Cretaceous tuffs and radiolarian cherts of the 

Hawasina complex , which outcrops extensively further south 
in Oman [Glennie et a/., 1973]. The overriding thrust sheet 
represents a near-edge slice of Arabian platform sediments. 

The morphology of the buried basement ridge recorded on 
our seismic profile (Figure 3) duplicates that of the Ruus al 
Jibal unit seen on land . In an east-west cross section, the 
western front of the Ruus al Jibal thrust unit consists of very 
steeply dipping, vertical or even overturned strata, while the 
eastern limb has a small easterly dip. Similarly, the buried 
basement has a flat top, probably accentuated by marine ero
sion prior to burial. The western edge of the buried ridge 
descends in near-vertical steps , while the eastern side is 
smoother and less steep (Figure 3 ). There is some irregularity 
in the shape of the western edge, as is demonstrated by the 
presence of abundant diffractions in the seismic section which 
are probably caused by basement projections off the line of the 
profile. The western edge of the Ruus al Jibal unit on land is 
a lso dissected by a number of wadis and by minor thrusts and 
folds. 

Further reasons for assuming that the basement ridge is a 
northward continuation of the thrust sheet outcropping on the 
Musandam Peninsula are that the thrust plane beneath the 
Ruus al Jibal unit dips gently northward and that relatively 
rapid rates of submergence of the peninsula have been re-
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Fig. 3. Six channel common-depth point stack of profile 15, which lies to the north of the Musandam Peninsula. See 

Figure I for location and Figures 4 and 5 and text for discussion of the structure. Vertical exaggeration approximately 9 
times a t sea floor. 

ported . Lees [1928] suggests that between 450 and 900 m of 
depression has occurred since the Pliocene, while Vita-Finzi 
(in Cornelius et a/. [1973]) has recorded more th an 60 m 
subsidence on the northern and eastern coasts of the Mus
an dam Peninsula in the last I 0,000 years. 

Magnetic and gravity measurements recorded simultane
ously with the seismic profile support the interpretation of the 
basement ridge as part of the carbonate succession of the Ruus 
a! Jibal thrust sheet. The absence of a magnetic high associated 
with the basement ridge (Figure 4a) suggests that it is not 
igneous or metamorphic in origin. There is, however, a free air 
gravity high located over the buried basement (Figure 4b ). 
Unfortunately, the regional gravity gradient is locally so great 
that it is difficult to assess the magnitude of the residual gravity 
anomaly due to the basement ridge alone. An attempt to 
subtract the regional gravity trend was therefore made by 
assuming that it could be represented by a simple, linear 
gradient, as shown in Figure 4b. The resultant residual gravity 
anomaly has a maximum amplitude of about 35 milligals 
along the line of profile 5 (Figure 4c) . 

The theoretical two dimensional gravity anomaly was calcu
lated using the basement shape observed on the seismic profile 
(as shown in Figure 4d). Densities of the sedimentary prism 
were derived from measured sediment compressional wave 
velocities using the empirical velocity versus density correla
tion of Gardner eta/. [1974]. As shown in Figure 4c, a base
ment density of 2.55 g/ cc gives a good match to the observed 
residual anomaly, although a density of 2.65 g/ cc, which is 
typical of limestones, yields an anomaly which is about 10 
milligals too high . However, as reference to Figure 2 demon
strates, the regional gradient is insufficiently well known, par
ticularly in this area which is close to the continental margin 
and exhibits steep gradients, to be able to define the residual 
anomaly precisely enough to discriminate between these den-

sities . All that can confidently be asserted is that the basement 
comprises materia l with a density markedly higher than that of 
the mant·ling sediment and that the magnetic and gravity 
anomalies are consistent with a carbonate basement . The grav
ity anomaly map of the area (Figure 2) shows that the gravity 
high above the submerged basement ridge can be traced con
tinuously from the Musandam Peninsula. 

The arguments cited above indicate that the Musandam 
Peninsula extends northward beneath the Strait of Hormuz, 
though our seismic profile only reveals the uppermost part of 
it. Collision and underthrusting of this promontory of Arabia 
beneath mainland Iran may be responsible for the large num
ber of earthquakes which occur in this vicinity. Fault plane 
solutions for these earthquakes consistently indicate thrusting 
with a north-south slip vector (D . P. McKenzie, personal 
communication, 1977). Morris [1979] also cites the character 
of aeromagnetic anomalies as indicative of underthrusting of 
Arabia in this region. 

Eastern Margin of the Musandam Peninsula 

The other multichannel seismic profile adjacent to the Mus
andam Peninsula (line 16, Figure 5), runs in an easterly direc
tion across the southeastern entrance to the Strait of Hormuz. 
At the easternmost end the profile crosses into the folded zone, 
discussed in more detail below, which lies along the whole of 
the eastern margin of Iran and Pakistan (beyond 62 km on 
Figure 5) . 

Near the middle of the line (from 20 to 50 km on Figure 5), 
the roughly flat-lying sedimentary sequence is cut by many 
high angle faults. An enlargement of part of this central sec
tion, illustrated in Figure 6, shows that some of the faults, 
which are still active, extend from the present-day seabed to as 
deep in the section as it is possible to resolve (e.g., the fault at 
29 km on Figure 6) . Other faults only displace horizons at 
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depth and die out some distance beneath the seabed (e.g., the 
faults near 35 and 37 km on Figure 6) . The faults which 
terminate well below the seabed probably ceased to be active 
before deposition of the overlying undisturbed sediment. In 
general, the uppermost 2 km of the seismic section exhibits 
large blocks up to several kilometers in width of undisturbed, 
or at most, gently tilted sediment while the deeper material is 
considerably more disturbed by faulting . 

The western end of line 16 (between 0 to 20 km on Figure 5), 
where it approaches the coast of the Musandam Peninsula, 
crosses a thick pile of gently dipping, undisturbed sediment. 
Seismic velocity measurements from a sonobuoy profile in
dicate that the sediment is over 4 km thick . Penetration is 
insufficient to reach basement except at the very westernmost 
end of the profile, where a strong reflector at a depth of abo ut 
2.2 s two-way travel time (approximately 2! km ), can be seen 
dipping steeply eastwards away from the Musandam Penin
sul a. This horizon may represent the top of the Cretaceous 
rocks which outcrop on the Musandam Peninsula and con
tinue northward beneath the Strait of Hormuz, as discussed 
above. 

EAST OF TH E OMAN LINE 

The Oman Continental Margin 

To the east of 58°E the continental margin off the north
eastern coast of Oman drops steeply down to the Gulf of 
Oman abyssal plain at a depth of 3340 m. On shore the land 
rises to rugged mountains over 2000 min height. Tectonically, 
this is probably a passive plate margin with no differenti al 
movement between the continenta l mainla nd of Oman and the 
oceanic crust which underlies the Gulf of Oma n. 

In places the continental slope is so steep that the sediments 
have become unstable and have moved downslope in huge 
gravity slumps with morphology simi lar to sl umps reported 
elsewhere [Heezen and Drake, 1964; Roberts, 1972]. Seismic 
profile 19 (illustrated in Figure 7), which runs northward from 
the Oman coast near Muscat, crosses a number of such 
slumps. This single profile is insufficient to delineate accurately 
the dimensions of the features, but it is apparent that the 
slumps are of the order of I 0 km long and several hundred 
meters thick . The average slope of the slumped margin is 
about 5°. Individual slumps retain coherent reflectors within 
them, and the toe of buckled sediment at the front of the most 
recent slumps is still visible slightly above the level of the 
abyssal plain (at 127 km on F igure 7) . Continued sedimenta
tion progressively buries the toe. In the uppermost kilometer 
of sediment beneath the abyssa l pla in on profile 19 an interface 
ca n be traced diagonally across the sediments separating the 
deformed toes of former slumps from the gently dipping sedi
ments which have buried them (123-127 km on Figure 7). 

In the western part of the Gulf of Oman, convergence be
tween the Arabian plate and the Eurasian plate has brought 
the continental margin of Oman into contact with the oppos
ing M a kran continenta l margin of Iran . The Makran conti
nental margin is a deformed accretionary sediment prism 
formed by northward subduction of the oceanic crust under
lying the Gulf of Oman [White and Klitgord, 1976; White, 
1979]. Along most of the Makran continental margin undis
turbed fl at-lying sediments of the Gulf of Oma n abyssal plain 
deposited on the Arabian oceanic plate lie south of the folded 
belt. The outer edges of the Makran and Oman continental 
margins have only come into contact in the westernmost part 
of the Gulf of Oma n in geologically recent times due to contin
ued convergence. 
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Fig. 4 . (a ) Total field magnetic anomaly along profile 15 after 
subtractio n of the In ternational Geomagnetic Reference Field. Note 
the lack of any anomaly associated with the prominent basement 
ridge. (b) Observed free-air gravity a nomaly along profile 15, with the 
simple linea r regional gravity gradient which was subtracted to give 
the residual gravity anomaly shown in Figure 4c. (c) Residual free- air 
gravity anom aly (solid line) a long profile 15 after subtraction of the 
linea r regional gradient; squares show theoretical two-dimensional 
anomaly produced by the density model in Figure 4d with basement 
density of 2.55 g/ cc; dots show the theoretical a nomaly with basement 
density of 2.65 g/ cc. (d) Density model of profile 15 used to construct 
theoretica l gravity anomalies illustrated in Figure 4c. Note that the 
interfaces at the eastern end are lines of equal density due to com
paction and lithification and so are less inclined than the sediment 
layering. Vertical exaggeration a pproximately 9 times at sea level. 
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Fig. 5. Six channel common depth point stacked and deconvolved seism ic profile along line 16 (see Figure I for loca
tion) . Notice the basement reflector a t about 2.2 s two-way travel time at 0 km di stance which dips steeply eastward. The 
western end (0-20 km) exhibits a thick sequence of gent ly dipping sediments, wh ile the middle section (20-50 km) is cut by a 
number of fau lts. The eastern end of the profile crosses into the folded belt of the Makran continental margin. Vertical 
exaggera tion approxi ma tely 5 times at sea level. 

Seismic profiles 17 and 18 (Figures 8 an d 9, respectively), 
which were run across the narrow western end of the Gu lf of 
Oman , demonstrate that the abyssa l plain which separates the 
continental margins of Iran and Oman further to the east has 
been consumed to the west due to the obliqui ty of the Oman 
coast to the directio n of subduction. At present only the o uter 
edge of the sedimentary prism lying off the Oman coast has 
become deformed . The northern or Mak ra n end of the profiles 
retain the si mple pattern of fo ld ridges and intervening basins 
which was probably imposed when flat-lying sediments of the 
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abyssa l plain lay to the south and were being subducted in this 
area. An exa mple of the open ridge and basin style of deforma
tion wh ich results where flat-lying sediments lie beyond the 
continental margi n is shown in Figure I 0 (profile 22 in Figure 
I); more seismic profiles further to the east which exhibit the 
same features a re illustrated in Figure 2 of White and Klitgord 
[ 1976]. The modes of formation of these fold ridges are dis
cussed in more detail later in this paper. 

Where the two continenta l margins have started to collide, 
deformation has begun to spread southward into the sediment 

EAST 
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Fig. 6. Enlargement of pa rt of line 16 illust rated in F igure 5. Notice the fault a t 29 km which penetrates to the sea floor 
and the fault nea r 35 km whi ch terminates at a depth of abou t 0.6 s two-way travel time beneath the sea floor. 
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Fig. 9. Variable density single channel display of seismic profile 17. The deformed Makran continental margin 
sedimenta ry wedge can be seen between 0 and 87 km. At 90 and 107 km , two folds have developed in the sediments of the 
Om a n continental margin. Vertical exaggeration a pproximately 30 times at sea level. 

pile off the coast of Oman (e.g., 90-120 km on Figure 9, 125-
140 km on Figure 8). The upper part of the sediment pile has 
become contorted into open folds with a wavelength of about 
I 0 km and maximum heights of the order of 800 m. A progres
sive development in folding of the Oman margin can be seen 
on profiles 19, 18, and 17. On the easternmost profile, number 
19 (Figure 7), the edges of the Makran and Oman sedimentary 
prisms a re still separated by a 25 km wide portion of the Gulf 
of Oman abyssal plain a t a depth of 3340 m. 

On profile 18, the next line to the west, folds can be seen 
beginning to develop on the Oman side (from 125 to 140 km 
on Figure 8). The abyssal plain has disappeared, leaving the 
deepest basin a t 2250 m. Profile 18 clearly demonstrates that 
the Oman continental margin is much steeper than the Mak
ran margi n to the north . 

Finally, on the westernmost line, profile 17, two folds have 
grown on the Oman side (at 90 and 107 km on Figure 9), and 
the deepest basin marking the former edges of the sediment 
prisms lies at a depth of only 1700 m. 

The western part of the Gulf of Oman is an example of the 
initial stage of continent-continent collision as the outer edges 
of the opposing continental margins have just come into con
tact . Continued convergence would probably be taken up by 
compressing and thrusting the open folds at present found on 
the Makran margi n. 

Deformation of the Makran Continental Margin 

The Makran continental margin is the front of an accre
ti onary prism created by subduction of the Arabian plate 
beneath the Eurasian plate at a rate of about 4 em/ year [White 
and Klitgord, 1976; Farhoudi and Karig, 1977; White, 1979]. A 
strikingly consistent pattern of lineated fold ridges and basi ns 
is present a long the entire Makran margin, from the eastern
most profile at 64°E shown in Figure 2 of White and Klitgord 
[ 1976] to the westernmost lines at 57°E discussed above (Fig-

ures 8, 9, I 0) . The structural di scontinuity of the Oman line 
forms the western limit to this simple style of deformation . 

The flat-lying deposits presently found in the Gulf of Oman 
abyssa l pl a in are deformed into frontal folds at the southern 
edge of the Makran continental margin (e.g., at 80-90 km in 
Figure 10; at 100-110 km in Figure 7) . Sediment folding is 
initia lly confined to the uppermost 2-3 km of the 5- to 6-km 
thick sed imentary pile . Deeper layers show no obvious folding, 
and possibly have responded to compression by layer-pa rallel 
shortening rather than buckling, as White [ 1977] suggested. 
The decollement zone· separating the folded from the deeper 
unfolded material can be seen in the frontal fold in Figure I 0, 
and particularly well at a depth of about 6.3 s two-way travel 
time beneath the southernmost frontal fold at about 113 km in 
Figure 7. 

The decollement zone probably coincides with a weak layer 
caused by abnormally high pore pressures [White , 1977]. It is 
uncertain how fa r northward the decollement zone extends 
beneath the Makran continental margin fold belt. In a similar 
accretionary belt off Barbados, undeformed sediments have 
been traced a distance of over 30 km beneath the folded 
materia l [Peter and Westbrook, 1976] . The rather simple, open 
fold structure of the Makran fold belt which persists for over 
50 km behind the frontal fold may be indicative that the upper 
sed iment layers are decoupled from the deep material over this 
distance. 

The deform ational style of the Makran margin is remark
ably similar to that observed at many other compressive plate 
bounda ries . An analogous series of ridges off the Washington
Oregon coast has been attributed to late Cenozoic under
thrusting of the Gorda plate beneath North America [Silver, 
1969, 1971; Kulm and Prince, 1973; Carson eta!., 1974; Kulm 
and Fowler, 1974], and similar deformed sediment piles have 
been reported in the Carribean [Westbrook, 1975]. Well-de
fined ridge and trough topography is apparent on published 
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Fig. 10. Variable density single channel display of seismic profile 22 (see Figure I for location). Flat-lying deposits of 
the Gulf of Oman abyssal plain are initially deformed at the frontal fold and then incorporated into the accretionary prism 
of the Makran continental margin by a series of imbricate thrust faults . Compare this profile with the simplified model in 
Figure 12. Vertical exaggeration approximately 13 times at sea level. 

profiles across the lower trench slopes of arc systems from the 
Sunda trench [Curray and Moore, 1974; Moore and Karig, 
1976b], Java trench [Beck and Lehner, 1974], Aleutian trench 
[von Huene and Shor, 1969; von Huene, 1972; Grow, 1973], 
Shikoku trench [Ludwig eta!., 1973; Karig eta!., 197S; Moore 
and Karig, l976a], and the Middle America trench [Ross and 
Shor, 196S]. 

The characteristic ridge and basin morphology of deformed 
sediments above subducting plates has most frequently been 
explained in terms of a simple imbricate thrust model (e.g ., 
Seely eta/., 1974; Karig and Sharman, 197S; Moore and Karig, 
l976b ]. Figure 12 diagramatically shows the main features of a 
model developed from this simple concept which explains the 
structures observed in the Makran fold belt. 

As sediment is scraped off the subducting plate, it becomes 
deformed into ridges at the frontal fold and is subsequently 
uplifted along thrust faults. Since folding is initially confined 
to the uppermost 2-3 km of sediment, it is possible that the 
thrust faults flatten out on the decollement zone separating the 
folded from the undeformed material. 

Continued accretion of additional wedges of sediment cause 
the thrust faults to become progressively steeper towards the 
coast. This results in tilting of the small ponds of secondarily 
derived sediment accumulated in the basins between the 
ridges, a consequence of the model which can be directly 
tested. As reported by White and K/itgord [ 1976], the sediment 
surfaces of material deposited in the interfold basins shows a 
very small (average of about 0.2° ), but consistent tilt toward 
the coast, suggesting that accretionary processes are currently 
active. 

The open ridge and basin structure of the fold belt persists 
for a distance of S0-100 km north of the frontal folds, where it 
becomes completely buried by secondarily derived sediment. 
Original fold ridges can still be seen on the seismic profiles 
beneath the sediment cover (e.g., 20-40 km on Figure 9). A 
number of prominent steps in the depth of the sea floor divide 
the fold belt into two or three separate regions (e.g ., see 
Figures 8 and 10, where the steps are labelled 'fault scar') . The 
steps are up to 800 m in height. The peaks of the fold ridges 
within each region are at approximately uniform depth be
neath sea level (see also FigureS of White and Klitgord [ 1976] 

· for further bathymetric profiles illustrating this effect). 
It is postulated that these steps in the sea floor are a con

sequence of major faulting which extends through the entire 
sediment section (as shown diagrammatically in Figure 12), 
and thus inco"rporates the sediment into the accretionary 
wedge . 

The fault scars have average slopes of about so . This can be 
seen more clearly on the bathymetric profile illustrated in 
Figure II at S times vertical exaggeration than on the highly 
exaggerated seismic profile in Figure 10. The angle of rest of 
the large gravity slumps on the Oman continental margin is 
also about so, and it is probable that the slope of the fault 
scars is governed by the angle of rest of slumped sediment. 
Major faulting such as that shown in Figure 12 would create 
large fault scarps at the sea floor which would subsequently 
rapidly be eroded by slumping to give fault scars such as we 
observe. 

Evidence for the relatively recent origin of the fault scars is 
provided by the basins at their foot which are empty of any 
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Fig. II. Bathymetry along seismic profile 22 (illustrated in Figure 10). Vertical exaggeration 5 times. The slope of the 
fault scars is about 5° , suggesting that they represent slumped sediment (see also Figure 7). North is to the left on the figure. 

secondary filling of sediment (e.g., at 35 km on Figure 8; at 36 
and 53 km on Figure I 0). The basins must have been created 
relatively recently or they would be at least partially filled with 
sediments as are the adjacent interfold basins. A number of 
high angle faults cutting through the sediments to the north of 
the present scarp can also be seen on multichannel processed 
profiles of lines 18 and 19. Model studies of subduction zones 
by Cowan and S illing (1978] suggest that there may be an 
upward flow of deeply buried material in the interior of an 
accretionary prism driven by the normal subduction processes. 
The elevation of deeply buried, high grade metamorphic rocks 
reported by these authors would produce large scale secondary 
faulting such as is observed on our profiles towards the land
ward margin of the accretionary prism . 

The Makran coasta l region is seismically active (see Figure I 
of White and Klitgord [ 1976]), providing further evidence that 
there is deep structural faulting in this region of the fold belt. It 
has also been reported that a fault scarp was formed offshore 
parallel to the coast at the time of the 1945 earthquake of 
magnitude 8.3 in this area [Sondhi, 1947]. 

The sedimentology and structure of the broad belt of sedi
ments in the offshore Makran are typical of those found in an 
accretionary prism. Tectonic structures in the Cretaceous and 
Cenozoic sediments of the Makran are predominantly east
west trending, resulting from compression oriented in a north
south direction [Hunting Survey Corporation, 1960; Falcon, 
1974]. Steep folds and reverse faults account for most of the 
shortening. Farhoudi and Karig [ 1977] report that linea ted 
slope basins are visib le on Landsat images of the Makran. 

Subduction zones normally create an area of high pressure 
metamorphism behind the trench with intrusive andesites fur-

15 
50 kms 

Fig. 12. Diagrammatic model showing the formation of imbricate 
thrust slices in an accretionary sediment wedge above a subducting 
ocean ic plate. Note th at the thrust faults become steeper as they are 
more deeply entrenched in the accretionary prism. Initially, at the 
front of the wedge, only the upper 2! km of sediment is folded and 
thrust. Active thrusts north of the frontal fold which incorporate 
material into the accretionary wedge probably penetrate the deeper 
initially unfolded sediment above the oceanic basement. North is to 
the left on the figure. 

ther back. In the Makran, a belt of dynamically metamor
phosed sedimentary rocks with axial plane cleavage is found 
about 200 km north of the coast. Beyond the metamorphic 
rocks is an east-west trending belt of mainly basaltic and 
andesitic submarine volcanics [Hunting Survey Corporation, 
1960] . The volcanism was initiated in the Cretaceous, when it 
became most widespread, and continued throughout the Ce
nozoic. If this is genetically related to the present day plate 
subduction, a southward migration of the deformational front 
of several hundred kilometers is suggested. As has been pre
viously noted, successive frontal folds do appear to move 
southwards . Geological evidence of the progressive dis
placement through time of the boundary between marine 
flysch a nd fresh-water molasse deposits suggests that south
ward migration of the deformation has been paralleled in the 
Makran by movement towards the south of the shoreline of 
250 km since the Oligocene [A hmed, 1969]. 

The high sedimentation rate in the region is probably re
sponsible for the absence of a topographic trench marking the 
start of subduction. Rapid sediment loading may cause shal
low down bending of the A rabian plate beneath the Makran in 
a similar way to that observed in Barbados [Westbrook, 1975], 
thus explaining the widespread shallow seismicity beneath the 
Makran. 

CONCLUSIONS 

Convergence between the Arabian and the Eurasian plates 
gives ri se to a variety of different styles of structural deforma
tion in the area between the Gulf of Oman and the Persian 
Gulf. 

In the eastern part of the Gulf of Oman, oceanic crust of the 
Arabian plate is being subducted northward creating the de
formed sediment prism of the Makran. An imbricate thrust 
model has been proposed to explain the formation of the 
simple pattern of fold ridges and basins on the continental 
margin and to suggest how sediment is uplifted along major 
secondary faults and incorporated into the accret ionary prism 
which extends northward into Iran a nd Pakistan . 

Towards the western end of the Gulf of Oman continued 
convergence has brought the opposing Oman continental mar
gin into collision with the Makran margin . At present on ly the 
outer edges of the sediment prisms are in contact. Open folds 
can be seen forming on the edge of the steep but previously 
unfolded continental margin of Oman. 

The Oman line, which runs along the eastern edge of the 
Strait of Hormuz, marks the boundary between the oceanic 
crust of the Gulf of Oman and the edge of the Arabian conti
nenta l shield to the west. West of the Oman line the Eurasian 
Arabian convergence is at a continent-continent type bound
ary. A single profile north of the Musandam Peninsula (profile 
15), exhibits a large buried basement ridge which is interpreted 
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from seismic reflection, gravity and magnetic measurements as 
being a northward continuation of the peninsula. Although 
the seismic profile only reveals the upper part of the basement, 
it is likely that part of the Arabian plate is underthrusting the 
Eurasian plate in this region. 
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