
Open Journal of Geology, 2017, 7, 1269-1286 
http://www.scirp.org/journal/ojg 

ISSN Online: 2161-7589 
ISSN Print: 2161-7570 

 

DOI: 10.4236/ojg.2017.79084  Sep. 1, 2017 1269 Open Journal of Geology 
 

 
 
 

A Study on Tectonic and Sedimentology in 
Order to Fault Rupture Potential in  
Coasts the Makran Sea 

Mohyeddin Ahrari-Roudi 

Oceanography Department, Marine Sciences Faculty, Chabahar Maritime University, Chabahar, Iran  

 
 
 

Abstract 
Makran zone is one of the largest accretionary wedges in the world. This re-
search had used methods such as studies of Office and library, field observa-
tion and surveying that several field visits, sampling, registered structural evi-
dence, Laboratory studies, Data analysis, interpretation and conclusions. The 
most important objective of this study is assessment of Tectonics and hazard 
Potential in Coasts the Oman Sea based on tectonics and sedimentology. The 
northward movement and subduction of Oman oceanic lithosphere beneath 
Iranian micro-plate at a very shallow angle and at high rate is responsible for 
active orogenesis and uplift. Detailed seismological and geological informa-
tion in planning is extremely essential to avoid any disaster. It is to be re-
membered that seismicity does not remain fixed in an area but migrates slow-
ly with time. Thus, the planners are expected to be more concerned with the 
building code and prevention strategies. It is also important to mention that 
the Coastal zones are always vulnerable to natural hazards and liquefaction. 
The geomorphology of an area is the first indicator of on-going tectonic activ-
ity. In order to measure the amount of deformation due to tectonic processes, 
the initial geometry of the geomorphic markers is reconstructed accurately. Study 
of sediments shows that abundant shell fragments organized in laminae also 
favor a storm origin. Storm deposits contain no internal mud layers and rarely 
contain pieces of mud. Maximum deposit thickness is near the shore, and land-
ward thinning of the deposit is commonly abrupt. Storm deposits fill in topo-
graphic lows, and the upper surface is relatively uniform in elevation along-
shore. Finally, landforms of tectonically active regions and sediments are con-
trolling factors interactions between tectonic, sedimentary, climatic, and sur-
ficial processes. 
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1. Introduction 

The Makran Trench is the physiographic expression of a subduction zone along 
the northeastern margin of the Gulf of Oman adjacent to the southwestern coast 
of Balochestan of Pakistan and the southeastern coast of Iran. In this region the 
oceanic crust of the Arabian Plate is being subducted beneath the continental 
crust of the Eurasian Plate. Makran is one of the largest accretionary wedges on 
the globe, formed by the convergence between the Eurasian and the Arabian 
Plates. The Makran subduction zone has not been studied extensively, but the 
1945 Mw 8.1 earthquake and subsequent tsunami, as well as more recent mid 
magnitude, intermediate depth (50 - 100 km) seismicity, demonstrate the active 
seismic nature of the region [1]. Recent increases in regional GPS and seismic 
monitoring now permit the modeling of strain accumulations and seismic po-
tential of the Makran subduction zone. Subduction zone seismicity indicates that 
the eastern half of the Makran is presently more active than the western half. 

In a plate tectonic setting like that of the Makran Accretionary Complex of 
Oman Sea, a fairly high earthquake activity would be expected, as in many of 
the other major Accretionary complexes (subduction zones) around the world. 
But this region which is located between the Zendan-Minab Fault System and 
Oranch-Nal Fault Zone shows relatively low seismicity in comparison with the 
surrounding region. Better documented tsunami events in the Makran subduc-
tion zones are three, including two events of seismic origin, and one of unknown 
origin. The latest event is the major earthquake-generated tsunami of 1945 in 
eastern Makran that ruptured approximately one-fifth the length of the subduc-
tion zone [1]. It is important to note that, the epicenter of this event is also close 
to the Sonne Fault which has created segments on the Makran Subduction Zone. 

The crossing points between Makran Subduction Zone and these oblique fault 
zones can be a location for occurrence of major earthquake activities. However, 
more studies are required for further clarification. In contrast to the east, the 
plate boundary in western Makran has no clear record of historical as well as in-
strumental great events. The large changes in seismicity between eastern and 
western Makran suggest segmentation of the subduction zone. In the Makran 
region, the Arabian Plate subducts beneath the Eurasian Plate at ~4 cm/yr. This 
subduction is associated with an accretionary wedge of sediments which has de-
veloped since the Cenozoic [2] [3]. To the west, the Makran Trench is connected 
by the Minab Fault system to the Zagros fold and thrust belt [4]. To the east, the 
Makran Trench is bounded by the transpressional strike-slip Oranch-Nal and 
Chaman Faults, which connect to the Himalayan orogeny. 

Tsunami deposits are difficult to identify in arid siliciclastic sand at coastal 
settings due to numerous erosive post-depositional processes acting on the se-
diment. The action of daily tides, wind driven waves, storm waves, and even lo-
calized processes such as bioturbation can potentially erase traces of these events 
from the sediment record in short periods i.e. 10 years or less [5] [6]. 

The most important objective of this study is assessment of Tectonics and ha-
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zard Potential in Coasts the Oman Sea based on tectonic and sedimentology. Sea 
level is the common and unifying element of coastal tectonics. Present sea level, 
the universal datum for measuring elevation, is the most convenient reference 
for detecting ongoing vertical crustal movement and assessing short-term tec-
tonic stability in coastal areas [7]. Long-term tectonic stability along most pas-
sive-margin coastlines is expressed stratigraphically by undeformed continental 
and marine sediments that underlie flat coastal plains and continental shelves 
and geomorphically by broad accretionary strandline terraces that consist of 
subdued beach ridges separated by abandoned tidal flats. 

Geological and Tectonic Setting 

The study area between latitudes 25 degrees to 25 degrees and 45 minutes north 
and longitude 56 degrees 45 minutes’ lengths up to 61 degrees and 52 minutes 
north of the Sea of Oman and the north-eastern Sistan and Baluchestan province 
is located. From the perspective of geology of this area is located in this region, 
this region is structurally the two outer parts (coastal) and an internal split. The 
study area is located in the external part, the structure of the Makran coast all 
and area larger than the selected range (Figure 1). 

Basic features of this section of Ophiolite, flyschfacies sedimentary deposits and 
non-exposed older rocks of the Cretaceous. Ophiolite complexes of the region, 

 

 
Figure 1. Simplified geological map of the study area with main thrusts separating the four principal litho-tectonic units. 
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more and more or less continuous strips are often outcrops along the main lon-
gitudinal fault. The fact that normal faulting occurs along the coast only suggests 
a trench-parallel structural discontinuity, which is not well understood [8]. On 
the other hand, the study area, including areas where due to specific conditions 
of climate and geology of these a level fluctuations during the various geological 
processes of weathering and erosion and tectonic activity caused by the subduc-
tion of Omanandup Makranbulge screen, unique structures and mainly clastic 
sedimentary rocks formed. Differentrock units in the coastal zone and land 
overlooking the sea are marl of Miocene age, marlands and stone units Mi-
ocene-Pliocene sediments of sand and silt deposits of alluvial fans and animal 
shells. Above these sequences, there is an abrupt passage up without any appar-
ent unconformity, through reefal Burdigalian limestones, and locally a harzbur-
gite conglomerate development, into neritic sequences with minor turbidites, 
extending into the Pliocene units. Generally, sequence stratigraphy, the study 
area four Mio-Pliocene rocks, rocks Miocene, Pliocene and Quaternary rock units 
have been formed rock units that Neogene and Quaternary units are known as 
[9]. Quaternary deposits in the Makran coastal sediments of the Pliocenes trati-
graphic column on the Pliocene conglomerate fall, but in the study area includes 
the coastal areas. 

The Makran accretionary complex is characterized by a number of features 
associated with escaping water and methane. Mud volcanoes are found onshore 
in both Iran and Pakistan, and cold seeps exist offshore for example Tang Mud vol-
cano. The formation of an island (Zalzala Jazeera) after the 2013 Balochestan earth-
quakes is thought to be the result of a mud volcano. Many studies have documented 
the complex relationships between rock uplift and climatically-modulated ero-
sion efficiency and discussed the respective influence of these driving factors on 
channel incision [10] [11] [12]. 

2. Material and Methods 

In this research had been used the following methods: 
Office and library studies: At this stage, books, theses, articles, reports and geo-

logical maps related to the subject studied. Working as quantitative-qualitative me-
thods (heuristic) and research-oriented and library studies such as research and 
scientific resources related to the topic of the previous studies and then collected 
and examined. Field Studies: At this stage contain field observation and sur-
veying that several field visits, sample collection, registered structural evidence 
(photographed and documented in structural geology features) is done. That means 
three locations include Gowader, Chabahar, Konarak and Pozm were studied along 
the outcrop belt (Makran zone) in southeastern Iran. This study is based on 85 
hand samples and 62 sediments samples that were collected from the study 
areas. Laboratory studies: In the other hand First, using aerial photographs and 
satellite images, using Google Earth and GIS, geological maps, topography, tec-
tonic and seismic data was conducted. Data analysis, interpretation and con-
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clusions: The initial processing by computer skills such as Excel and final processing 
using software was computed. 

The geomorphology of an area is the first indicator of on-going tectonic activ-
ity. In order to measure the amount of deformation due to tectonic processes, 
the initial geometry of the geomorphic markers reconstructed accurately. Land-
forms of tectonically active regions reflect interactions between tectonic, climat-
ic, and surficial processes [10] [13] [14]. Accepting steady state implies that the 
landscape morphology is adjusted so that river incision and hill slope erosion 
rates balance rock uplift rates (e.g. [15]). We applied the tools commonly used in 
tectonic geomorphology studies; following the principle that drainage network 
may be related to recent surface, mostly tectonic movements.  

Sediments were collected in coasts of Makran were selected based on the 
presence of the allochthonous bivalve tsunami bed (TB) found close to the sur-
face or exposed in tidal creek sections. The shell unit could be traced along the 
tidal creeks (b80 cm) and in addition many test pits were dug checking the con-
tinuity of the unit. Of these test pits (60 - 650 cm deep), eight were selected to 
collect large samples of bivalves and eight short percussion cores were col-
lected to document the detailed stratigraphy and continuity of the shell bed. 
Surface-elevation data were collected within the lagoon using a differential GPS 
(D-GPS) and interpolated to create a digital elevation model (DEM) of the sur-
face topography. 

The sedimentary characteristics of shell beds within an interpreted tsunami 
deposit from Lipar Lagoon, Oman were examined using shell taphonomy and 
high-resolution particle-size analysis. 

Multivariate analysis of the particle-size data was conducted using Ward’s al-
gorithm (which emphasizes minimal within-group variance [16]; to produce a 
Qmode cluster dendrogram in the statistical program SPSS23. This clustering 
technique creates hierarchical groupings based upon similarity determined from 
equally weighted Euclidean distance measurements of the entire grain size 
(0.0375 - 2000 μm) distribution for each sample analyzed [17] [18]. A full dis-
cussion of cluster analysis and its application to SPSS23 is provided. Study the 
following subjects the present research was completed: 

Geology is the key to a meaningful inventory of past seismic activity, and from 
that, a long-term seismic hazards assessment. The data come from geomorphol-
ogy, structural geology, sedimentology and from various geophysical records. 
Both primary (faults, fractures) and secondary (liquefaction, slides, tsunamis, 
etc.) evidence have to be considered. Ideally, a pale seismic event is recorded by 
multiple types of field evidence. Dating plays a central role in the establishment 
of a reliable chronology allowing meaningful seismic hazard assessment. 

3. Discussion and Interpretation 

The region lies near the Arabian, Indian and Eurasian Plate boundaries (Figure 
2). Tectonic collision process is taking place along entire southern and south  
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Figure 2. Tectonic map of the Arabian, Indian and Eurasian plates showing the location 
of the Makran accretionary prism of southeastern Iran and southern Pakistan (Star sym-
bols = History of Tsunamis). 
 
eastern boundary of Eurasian Plate as it collided with Indian plate and other mi-
cro plates. The northward movement and subduction of Oman oceanic lithos-
phere beneath Iranian micro-plate at a very shallow angle and at high rate is re-
sponsible for active orogenesis and uplift [19] [20]. A belt of highly folded and 
densely faulted coastal mountain ridges along the coastal region of Makran in 
Balochistan of Iran and Sindh coasts of Pakistan (Figure 3). 

The Makran Accretionary Wedge (MAW) is a consequence of the subduction 
of the oceanic part of the Arabian plate beneath Eurasia (Lut and Afghan blocks). 
The MAW extends about 1000 km from southern Iran to the Baluchistan of Pa-
kistan. It is separated from the Zagros Mountain Belt, to the west, by the dextral 
Minab-Zendan Transform Fault and to the east it is restricted by the sinistral 
Chaman Transform Fault System (Figure 4). 

Seismic profiles document large normal fault systems near the coast (Figure 
5), which are also found onland in the Coastal plain only [8]. The fact that nor-
mal faulting occurs along the coast only suggests a trench-parallel structural 
discontinuity, which is not well understood. This also raises the question as to 
whether the offshore and onshore fold and-thrust belts belong to the same active 
wedge and whether inland Makran is currently deforming. We will answer this 
question with evidence for active deformation. 

The Makran Accretionary Wedge exposed in Iran was a progressively filled tur-
bidite basin between the Middle Eocene and Middle Miocene times [10]. Four main 
thrust 8 sheets are separated by major thrusts. From North to south they are: North, 
Inner, Outer and coastal Makran (Figure 6). The general south-vergence suggests 
that folds and major thrusts form an imbricate structure due to bulk N-S 
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Figure 3. Aerial photograph of the study area. 

 

 
Figure 4. Geological setting and tectonic sketch map of the Makran region. 
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Figure 5. Regional N-S seismic profile across the western sector of the offshore Makran accretionary prism, west of Chabahar 
[21]. 
 

 
Figure 6. Simplified structural map of the onshore fold-and-thrust and offshore Makran accretionary wedge [21]. 

 
shortening. Deformation shifted the active, submarine wedge southward af-
ter emplacement of the olistrostrome, and coastal Makran evolved into a wedge-top 
basin with shallower water and continental sedimentation [20]. 

Systematic mapping and direct dating on these surfaces were needed and ex-
cellent exposure conditions detectable from satellite images were encouraging. 
Semi-arid climatic conditions with disseminated, poor vegetation and minimal 
soil cover make the inland Makran an excellent application where remotely sensed 
data may be used effectively to decipher rocks, structures and landforms (Figure 
7). 

Detailed image of a mud volcano, its channel and chamber which is full of shale. 
Note the presence of a thrust fault associated with the mud extrusion [21]. Field  
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Figure 7. Satellite image of part of the studied area. The prominent syn-
clines are upper Miocene (Tortonian-Messinian) sandstone-dominated 
sequences. Picture centered at 25˚56'37.74''E, 59˚58'58.34''N. 

 
evidence such as Steep Mountains 1500 m (Height), uplifted terraces, mud-volcanoes 
and bare desert coastline the reason is active tectonic in Makran regions (Figure 
8 and Figure 9). 

Mud Volcanoes are well-known phenomena whereby fluid-rich, fine-grained 
sediments ascend within a lithologic succession because of their buoyancy. These 
processes have long been recognized as being related to the occurrence of petro-
leum, regional volcanic and earthquake activity, and orogenic belts. Most im-
portantly, mud volcanoes occur along convergent plate margins where fluid-rich 
sediment is accumulated in deep-sea trenches at high rates. Such deposits then 
enter the subduction factory, where liquids and volatiles are released due to in-
creasing compaction stress and temperature (Figure 9). 

In summary, mud volcanism is most abundant in compressional and, to a 
lesser extent, in deltas of great rivers. As for the first, tectonic activity is an addi-
tional trigger to the buoyant driving mechanism. Fluid for mud volcanism is 
supplied from various sources, including meteoric and volcanic waters, pore 
water expulsion, hot springs, mineral dehydration reactions, and gas hydrate 
destabilization. In various areas the reasons for mud volcano formation are dif-
ferent. As a consequence, it is pointless to define a universal limited set of rea-
sons. The expedient approach is to determine the key causative factors that can 
be used to forecast the areas of mud volcanic activity (Figure 10). 

Excavated pit from the surface which was studied sediments. Paleotsunami 
deposits provide ability to extend the record of past tsunamis beyond recorded 
history and possibility of not only determining how often tsunamis occur in a 
given area, but also how large those tsunamis might have been. Tsunami sedi-
ments can be different from place to place, depends on the sediment source. 
Tsunami sediment forms a “blanket” of sand on land, often becoming thinner  
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Figure 8. Mud volcano in makran zone. 

 

 
Figure 9. The cross section of an old mud volcano in Chabahar which 
disturbed the overlaying sedimentary rocks. 

 

 
Figure 10. Mud volcano formation in coasts of Makran (regional N-S seismic profile) 
[21]. 
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landward, but more likely filling low spots and becoming thinner on high spots. 
Base of sediment shows erosion near the ocean but becomes purely depositional 
landward (Figure 11). Of course Often sedimentation from individual waves can 
be distinguished, with each pulse becoming finer landward and upward, al-
though coarsening upward is common (especially in large tsunamis). Although 
fining appears to happen landward, it appears to occur as a kind of “shift” from 
one sediment population to another. This shift may be subtle, and probably is 
best explained as the landward shifting of available facies offshore. 

In study area many broken shells of the throgh shell bivalvia were observed 
along the coastline of the Oman Sea tidal flats in 2007 (Gono storm). Hence, a 
number of infaunal organisms that were left exposed on the tidal flat surface are 
likely to be swept away by the tsunamis (Figure 12). 
 

 
Figure 11. Excavated pit and close-up paleotsunami deposits. 
 

 
Figure 12. Shell to shell impacts as an index layer (paleotsunami deposits). 
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In deposits shell of Bivalves fossils are impact chipping, stress fractures and 
angular fragments due to Shell to shell impacts and turbulent flow (Figure 13 
and Figure 14). 

The presence of any articulated offshore bivalve species out of life position in-
dicates a rapid catastrophic event (tsunami) rather than a more prolonged 
storm, which would not cause transport of shells over several kilometers [22]. 
The shell bed is close to the modern lagoon surface, indicating recent deposition; 
the 1945 tsunami is the only significant event in recent past [23] [24] [25] [26]. 
This likely caused extensive scour of the sand platform in front of the lagoon, 
and the transport of in faunal bivalve species found in the shell unit. The scour 
offshore and within the lagoon (~50 cm deep) eroded the offshore sand platform 
and the lagoon basin, depositing shells across the lagoons that were subsequently 
buried by post-tsunami sedimentation. 
 

 
Figure 13. Damage shell to shell impacts (see white arrows in shells). 

 

 
Figure 14. Index bed captain fossils due to shell to shell impacts and turbulent flow. 
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Large storms have wide-ranging effects in a spectrum of environments from 
outer shelves to coastal plains. The most common deposits of storms in the rock 
record are sandstone beds deposited under powerful near-bottom water motions 
produced by waves and currents (Figure 15). Both tsunamis and large storms 
cause death and damage along low-lying coastal areas, and both occur with re-
gularity, although tsunamis are much less frequent than coastal storms [27] [28] 
[29]. Because of their infrequency, tsunamis are poorly documented in historical 
records for many of the areas where they pose a threat. In these areas, interpret-
ing the geologic record may be the only way to discover the history of past tsu-
namis and the likely hazard from future tsunamis. Both tsunamis and large storms, 
particularly hurricanes, are capable of inundating coastal areas and depositing 
sandy sediment over broad areas landward of the beach. Correctly identifying a 
sandy bed in the geologic record as either a tsunami or a storm deposit is critical 
for determining the frequency of each hazard. The origin and dynamics of the de-
positing flows were considered controversial and initial models relied on cross-shelf 
transport by turbidity currents. Actuality models of storm dynamics subsequently 
constructed by oceanographers and marine geologists largely focused on nearly 
shore-parallel geostrophic currents. 

Tsunami deposits are generally less than 25 cm thick, extend hundreds of me-
ters inland from the beach, and have an overall tendency to drape the preexisting 
landscape. They commonly consist of a single, homogeneous bed that grades 
from coarser grained at the bottom to finer grained at the top, or a bed with only 
a few thin layers. Mud clasts or thin layers of mud within the deposit are strong  
 

 
Figure 15. Storms deposits (Gono storm, 2007). 
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evidence of tsunami origin. Twig orientation or other indicators of return (Sea-
ward) flow during deposition of the sediment are also diagnostic of tsunami de-
posits. Tsunami deposits thicken and then thin landward, with a maximum de-
posit thickness typically more than 50 m inland from the beach because a zone 
of erosion commonly is present near the beach. 

Storm deposits, in contrast, generally are more than 30 cm thick and will not 
advance beyond the low places they are able to fill in the preexisting topography. 
They typically consist of multiple lamina sets of extremely thin (less than 1cm 
thick) layers called laminae. Features that favor storm deposits are the types of 
stratification associated with the transport of sediment by rolling and bouncing 
along the bottom (foresets, climbing ripples, backsets), and numerous thin (mil-
limeters to a few centimeters) lamina-sets of alternating coarse and fine grain 
size indicative of high-frequency waves [30]. Abundant shell fragments orga-
nized in laminae also favor a storm origin. Storm deposits contain no internal 
mud layers and rarely contain pieces of mud. Maximum deposit thickness is 
near the shore, and landward thinning of the deposit is commonly abrupt. Storm 
deposits fill in topographic lows, and the upper surface is relatively uniform in 
elevation alongshore. 

The Makran subduction zone extends cross-strike 400 ± 600 km from the de-
formation front in the Oman Sea to the Baluchestan volcanic arc. Crustal phases 
are present on all lines, and are most pronounced on the southern stations. To 
the north a complex overburden increasingly attenuates the crustal phases. Field 
relations in the emergent part of the Makran accretionary prism show that a 
mid-Miocene to early Pliocene slope and shelf sedimentary sequence was depo-
sited directly on abyssal-plain turbidites without any detectable stratigraphic or 
structural discordance. Sedimentological evidence for rapid shoaling, however, 
indicates that the underlying sediment column was tectonically thickened by a 
factor of between two and three during this period. This can be explained by 
large-scale under thrusting and under plating of sedimenta mode of accretion 
that is also favored by mass-balance considerations. The visible deformation in 
the coastal Makran occurred when the region was 70 - 100 km north of the con-
temporary prism front. The Makran Coastal Range is primarily made up of li-
mestone and sandstone. It was formed when the northwestern Indian plate col-
lided with the Asian plate (Figures 16-18). 
 

  
Figure 16. A wonderful aerial view of Makran coastal, the beach and the rock formations 
(Left: Horizontal cliff & Ritgh: Uplifting bed). 
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Figure 17. Fluvial landforms (terraces in meander partly covered by colluvion) and al-
luvial channel of the Fanuj River, seen from 26˚28'08.2''N; 059˚38'19.7''E. Rather regular 
spacing of stream channels in the background landscape reflects uniform erodibility of 
the underlying Eocene, shale-dominated turbidities. 
 

 
Figure 18. Photograph of marine terraces along the coast of Makran. 
 

Detailed seismological and geological information in planning are extremely 
essential to avoid any disaster. It is to be remembered that seismicity does not 
remain fixed in an area but migrates slowly with time. Thus, the planners are 
expected to be more concerned with the building code and prevention strategies. 
It is also important to mention that the Coastal zones are always vulnerable to natu-
ral hazards and liquefaction.  

4. Conclusions 

This region which is located between the Zendan-Minab Fault System and 
Oranch-Nal Fault Zone shows relatively low seismicity in comparison with the 
surrounding region. The faults which are hidden or invisible may trigger any-
time, hence are a warning to the authorities, planners, developers, and the cor-
porate sector and cannot be overlooked. 

The Makran subduction zone extends cross-strike 400 ± 600 km from the de-
formation front in the Oman Sea to the Baluchestan volcanic arc. The Makran 
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subduction zone can be the site of large earthquakes, as evidenced by the 1945 
event. Recent developments in Plate Tectonics would suggest that there is no 
reason why the Makran would not feature events larger than the 1945 shock. 

Semi-arid climatic conditions with disseminated, poor vegetation and minim-
al soil cover make the inland Makran an excellent application where remotely 
sensed data may be used effectively to decipher rocks, structures and landforms. 

Excavated pit from the surface was studied sediments. Paleotsunami deposits 
provide ability to extend the record of past tsunamis beyond recorded history 
and possibility of not only determining how often tsunamis occur in a given 
area, but also how large those tsunamis might have been. Tsunami sediments 
can be different from place to place, depend on the sediment source. Tsunami 
sediment forms a “blanket” of sand on land, often becoming thinner landward, 
but more likely filling low spots and becoming thinner on high spots. Base of se-
diment shows erosion near the ocean but becomes purely depositional landward 

Both tsunamis and large storms cause death and damage along low-lying 
coastal areas, and both occur with regularity, although tsunamis are much less 
frequent than coastal storms. Because of their infrequency, tsunamis are poorly 
documented in historical records for many of the areas where they pose a threat. 
In these areas, interpreting the geologic record may be the only way to discover 
the history of past tsunamis and the likely hazard from future tsunamis. 
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