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Summary

Neotectonics is the study of recent or active crustal deformation (rates, geometries, and
kinematics), the forces that are responsible for the state of stress in the earth’s crust and
its relation to processes at plate boundaries or in the interior of plates. In addition,
neotectonic studies are concerned with the impact of ongoing deformation with respect
to topography and the resulting erosion and deposition observed at the surface, and its
expression in the geologic record. Neotectonic activity in a considered region may have
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started a very long time ago, but corresponding deformation has continued into the
present. Neotectonic deformation in different regions may thus have started
diachronously, and a phase of neotectonic deformation is defined by the onset of
changing tectonic boundary conditions and its relevance to present processes.
1. Neotectonics as An Integral Part of Geosciences
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Neotectonics characterizes recent or active crustal deformation (rates, geometries, and
kinematics), its relation to processes at plate boundaries and in the interior of plates (as
well as its impact on topography and the resulting erosion and deposition observed at
the surface), and its expression in the geologic record. “Recent” deformation has been
variously interpreted, depending on the problems of interest. Obruchev introduced the
term neotectonics into the scientific literature, and characterized neotectonics as crustal
deformation spanning the last 35 Ma. Other authors associate “neotectonics” with
deformation in post-Miocene time, the last major plate-tectonic reorganization in a
structural province, the ultimate 3 Ma , or the Quaternary Period. Stewart and Hancock
defined neotectonics as "the branch of tectonics concerned with understanding earth
movements that both occurred in the past and are continuing at the present day".
According to Wallace, active tectonics involves the study of those tectonic movements
that "are expected to occur within a future time span of concern to society". This
definition of young tectonic features has far reaching societal implications concerning
risk assessment, land and urban planning, and hazard mitigation. Accordingly,
depending on acceptable levels of risk for humans and infrastructure in a densely vs.
sparsely populated region, faults with various ages have qualified as active structures,
even including features active within the last tens- to hundreds of thousands of years.
Neotectonic structures related to the current stress regime in a lithospheric plate may
thus record a much longer period of tectonic activity than envisioned in the original
definition. Slemmons cautioned that neotectonic deformation is not automatically
caused by seismicity and neotectonic structures may no longer continue to be active.
Confusion regarding the usage of the term neotectonics has increased in the past decade
because many studies have employed this, and the seismicity-related terms “active
tectonics” and “seismotectonics” interchangeably. Although closely related, these fields
should be considered a subset of neotectonics, as they specifically include seismic
analysis and hazards of currently active faults. Neotectonic studies in active plate
boundary environments therefore provide clear benefits for society, because they help
risk mitigation. However, increasing evidence from the interiors of stable cratons and
regions with infrequent seismicity, low deformation rates, and inferred low risk
potential demonstrates that such environments are also subject to neotectonic
deformation. The time scales of these events may be much longer, with earthquakerecurrence intervals in excess of hundreds to thousands of years. The cause, recurrence,
and seismic hazard of earthquakes and their geomorphic expression in the interior of
continents are still poorly understood phenomena. In addition, the recognition and
characterization of seismogenic faults that may potentially generate destructive future
earthquakes in areas previously considered at low risk are important in densely
populated regions. Unrecognized seismogenic faults with long recurrence intervals are
thus an increasingly important topic of international research. The need for a better
understanding of this aspect of neotectonics is underscored by seismic hazard
assessments that mainly rely on data sets of historic seismicity and instrumentally
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recorded events. As neotectonics is the study of active deformation, it spans many
different disciplines of the geosciences depending on the spatial and temporal scales of
the problems investigated. Remote sensing assessments, traditional structural geologic
studies coupled with fault-slip analysis, and geophysical investigations can constrain the
degree of deformation and stress or paleo-stress patterns in a region; analyses of
landforms and long-term landscape development, paleoseismologic investigations, and
geodetic studies can be utilized to define the geometry and kinematics of recent
deformation in an area and the amount of potential seismic activity. In the following
sections, the field of neotectonics will be discussed in light of several related disciplines
that help understand phenomena caused by young deformation of the earth’s crust.
2. Remote Sensing Methods
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Remote sensing aids identification of active geologic structures and anomalies in
landform development, river courses, and/or vegetation. When used in conjunction with
detailed field mapping, these types of images may help extrapolate local field
observations to infer regional trends (Figure 1). Early LANDSAT 7 studies combined
with field mapping in the regions affected by the India-Eurasia collision led to an
understanding of processes and associated structural patterns characteristic of mountain
building in the course of continental collision. Analysis of higher resolution SPOT
imagery coupled with ground-truth, geodetic and geochronologic information confirmed
these interpretations and further helped constrain the kinematics and offset magnitudes
of important strike-slip fault systems in Central Asia. Mapping on remotely-sensed data
bases may be combined with topographic maps and/or Digital Elevation Models (DEM)
to constrain the geometry of structures in an area. In addition, many alteration products
associated with active faulting emit or reflect different frequencies of radiation that are
sensed by satellite-borne multispectral instruments. By analyzing the measured
frequencies of radiation, the type of alteration product and its concentration may be
inferred. Therefore, the alteration products associated with active faulting, and hence the
location of active faults, may be identified using space-borne instrumentation.
Multispectral satellite imagery or aerial photographs depicting various spatial
resolutions may be used in concert to identify regional trends and local anomalies to
these trends.
3. Structural Field Studies

Structural investigations in a neotectonic context are carried out to determine and/or
confirm the geometry, kinematics, and relative age of apparently active structures. Fault
geometry, slip direction, mineral-lineation measurements, and microstructures can be
used to deduce stress and deformation fields, and cross-cutting field relations may be
used to determine how these fields may have changed over time. A classic study of the
structural neotectonic inventory near El Asnam, Algeria, and coseismically generated
structures during a M = 7.3 earthquake in that region emphasizes the need to analyze
and compare structural phenomena at various length and time scales when neotectonic
assessments are made with inferences based on the character of the coseismic stress
field. The El Asnam earthquake (Figure 2) was related to a reverse fault, which caused
folding and coeval shallow normal faulting along the thrust-parallel anticlinal axis.
Similar faults were associated with the 1988 Spitak earthquake (Ms 6.9) of Armenia.
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Figure 1: A) Bending-moment fault with folding and coeval normal faulting in the
hangingwall during the El Asnam earthquake, Algeria (after Philip and Meghraoui,
1983). In this case orthogonal shortening results in a graben parallel to the anticlinal
axis. During oblique shortening, en echelon graben are formed. B) Flexural-slip fault.
Shallow, secondary faulting during layer-parallel slip causes rupture in unconformably
overlying deposits with diminishing throw toward synclinal axis, Santa Clara syncline,
Ventura Basin in southern California (after Rockwell, 1983; Yeats, 1986).

Analogous to bending of an elastic layer around a fold axis, which results in tension and
normal faulting on the convex, and contraction and thrusting on the concave sides,
Yeats defined these faults as bending-moment faults (Figure 2). In contrast, flexural-slip
faults are reverse faults generated during flexural-slip folding (Figure 2); they rupture
along the limbs of synclines and lose their structural expression in the fold hinges.
Activity along these structures is documented through unconformities with overlying
sediments and associated landforms such as pediments and terraces.
Cross-section balancing in these environments is useful in order to decipher long-term
contraction rates and evaluate faults that have only partially surfaced or are still hidden
in the subsurface and may represent important seismic hazards. Burbank et al. used a
combination of structural field observations and cross-section balancing to define spatial
and temporal sequences of asymmetric fold growth and reverse faulting.
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Figure 2: Various structural phenomena in the Kenya Rift region indicating the
orientation of the least compressive horizontal stress (Shmin). A) Orientation of
Quaternary dyke systems and associated volcanic eruptive centers on the northeastern
shoulder of the Kenya Rift (after Strecker and Bosworth, 1991; Haug and Strecker,
1995; Bosworth and Strecker, 1997; Bosworth et al, 2001). Arrows depict orientation of
Shmin. B) and C) Elongated late Quaternary caldera collapses, faults, and extension
fractures at Silali and Emuruangogolak volcanoes in the northern Kenya Rift. Preferred
caldera elongation is NW-SE and is interpreted to represent elongation of a once
circular caldera due to shear fracturing, similar to a giant borehole breakout. Two kinds
of failure may occur around a circular caldera collapse. If magma pressure (Pf) is high
enough, the tensile strength of the caldera-wall rocks will be exceeded and
hydrofractures parallel to SHmax form. If Pf is low, SHmax will increase and the shear
strength is exceeded resulting in spalling of caldera walls parallel to Shmin (arrows). D)
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NE-SW oriented Neptunic dyke in the central Kenya Rift in the vicinity of Lake
Elmenteita. Numerous Quaternary lake deposits in the rift spanning the ultimate
300,000 years (Trauth et al., 2001) are affected by clastic dykes of similar orientation
and document mid-Pleistocene to Recent NW-SE to WNW-ESE oriented extension
(Strecker et al., 1989). Clastic dykes are related to water saturated, liquefied sediments
that are injected into overlying sediments during an earthquake (Obermeier, 1996).
Clastic dykes are thus similar to artificially induced hydrofracturing in boreholes
(Hickman et al., 1985), which results in tension fractures at right angles to Shmin.
They documented the role of active tectonism in partitioning of intramontane basins and
influencing drainage networks as well as associated changes in erosional and
depositional patterns in the Tien Shan of Central Asia.
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At the scale of mountain ranges, regional compilation of fault-slip data has helped to
infer the state of stress, the level of tectonic activity, the character of neotectonics in
different altitudinal sectors of orogens, and large-scale plate kinematic changes. In
extensional settings the orientation of dyke systems (Figure 3) can be used to
characterize the orientation of the least compressive horizontal stress (Shmin) when these
features are not parallel to pre-existing anisotropies such as faults, foliation or joint
systems.

In addition, the orientation of Neptunic dykes and aligned volcanic eruptive centers or
the systematic elongation of collapse calderas (Figure 3) have been used to infer the
orientation of Shmin. Structural analysis of well dated volcanic dyke systems, aligned
volcanic edifices, meso-scale faults, and striations on fault surfaces has been used in
rifting environments in North America, East Africa, Central Asia, and Europe to define
the character of neotectonic deformation and changes in the kinematic evolution of riftbounding faults related to changes in the tectonic stress field.
4. Geophysical Investigations

Analysis of focal mechanism solutions, microseismicity arrays, and seismic tomography
studies aid in deciphering the present tectonic character of a structural province and help
to understand and evaluate geologic phenomena in the framework of present
geodynamic boundary conditions.
For example, seismic tomography has revealed the character of the active Altyn Tagh
Fault along the northern margin of Tibet as a major, localized shear zone of lithospheric
scale. Seismic tomography, gravity measurements, and microseismicity arrays together
may help to explain patterns of young regional uplift, subsidence and deformation, and
the spatial-temporal migration, as well as compositional variations of volcanism in
regions underlain by anomalously hot asthenosphere.
This includes large-scale anomalies such as the trace of the Yellowstone hotspot, the
East Africa Dome or the Altiplano/Puna plateau of the southern central Andes. Smaller
mantle anomalies known as hot fingers such as in the Massif Central of France or the
Eifel Plume area in Germany may have comparable neotectonic effects on surface uplift
and surficial processes.
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Figure 3: Composite stress map of California showing the directions of maximum
horizontal compressive stress (SHmax) determined from borehole breakouts,
overcoring, focal mechanisms, fault slip, and in-situ measurements. Colors represent
quality ranking of stress - measurement data (after Zoback and Zoback, 1991; Zoback,
1992). SAF denotes San Andreas Fault, inset shows location of geologic map in Fig. 4.
The different data sets indicate compression perpendicular to the San Andreas Fault in
the immediate victinity of the fault.

In addition to imaging the density and velocity structure of the crust, determination of
the regional stress field is an important component of neotectonic studies. Various
techniques for determining in situ stresses have been developed and can be divided into
three groups: surface, near-surface, and deep measurements. This includes, for example,
the analysis of borehole breakouts (Figure 3 and 4) of scientific or commercial wells,
hydrofracturing experiments or flatjack and doorstopper techniques. Seismic reflection
experiments and seismic stratigraphic studies have been used to constrain long-term
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tectonic deformation to depths of several kilometers. In regions of low tectonic activity
these studies may help better understand the occurrence of earthquakes and associated
surface deformation, such as in paleo-rift zones in the interior of tectonic plates (e.g.,
New Madrid seismic zone, U.S.A.). Finally, ground-penetrating radar surveys have been
used to visualize structures in unconsolidated materials at a depth of a few meters. The
latter method has proven useful in reconnaissance investigations to detect covered fault
offsets along active faults in humid climate environments characterized by pronounced
soil creep or solifluction during colder climate conditions in the past. The use of
geophysical and structural data sets to understand neotectonic processes is best
demonstrated along the San Andreas Fault system in California.

Figure 4: Simplified geologic map of the San Francisco Bay area showing thrust faults
parallel to the San Andreas Fault system (after Aydin and Page, 1984; Arrowsmith et
al., 2000). See Fig. 3 for location.

Structural investigations documented fault-normal orientation of the greatest horizontal
stress (SHmax) making the fault poorly oriented relative to the regional stress field around
the fault. Seismic reflection surveys, analysis of earthquake focal mechanisms, and
borehole-breakout studies confirmed active fault-normal compression. From this, it was
inferred that the fault system must have a low shear strength, causing the tectonic stress
field to change its orientation near the fault (Figure 4 and 5).
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NW Argentine Andes].
Strecker, M.R., Blisniuk, P.M. and Eisbacher, G.H. (1990). Rotation of extension direction in the central
Kenya Rift. Geology 18, 299-302. [Discusses the effects of changes in fault kinematics during rift
evolution].
Trauth, M. Deino, A. and Strecker, M.R. (2001). Response of the East African climate to orbital forcing
during the Eemian interglacial. Geology 29, 499-502. [Links long-term fluctuations in African lake levels
with variations in the temporal and spatial distribution of solar radiation].
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Yeats, R.S. (1986). Active faults related to folding, in: Active Tectonics (ed. R.E. Wallace), Washington,
D.C., National Academy Press, pp. 93-79 [Reviews the role of flexural-slip and bending-moment faults in
active surface deformation].
Zoback, M.L. (1989). State of stress and modern deformation if the northern Basin and Range province.
Journal of Geophysical Research 94, 7105-7128. [Discusses the role of a change in tectonic stress field
for the evolution of a large extensional continental province].

Geophysical investigations

Achauer, U. (1992). A study of the Kenya rift using delay-time tomography analysis and gravity
modeling. Tectonophysics 209, 197-207. [Uses delay times of seismic waves to explain presence of
partially molten upper mantle under the Kenya Rift].
Adams, J. and Basham, P. (1991). The seismicity and seismotectonics of eastern Canada, in: Slemmons,
D.B., Engdahl, E.R., Zoback, M.D. and Blackwell, D.D., eds., Neotectonics of North America. Boulder,
Colorado, Geological Society of America, pp. 261-276. [Summary of neotectonic phenomena and
seismicity patterns in eastern Canada ].
Arrowsmith, J.R. and Bürgmann, R. and Dumitru, T. (2000). Uplift and fault slip rates in the southern San
Francisco Bay area constrained by Fission-Tracks, Geomorphology and Geodesy, in: Quaternary
Geochronology: Methods and Application (ed. J. Noller, J. Sowers, and W. Lettis), American
Geophysical Union, pp. 503-508. [Discusses various methods in geochronology, geodesy, and
geomorphology and their application in paleoseismology].
Aydin, A. and Page, B.M. (1984). Diverse Pliocene-Quaternary tectonics in a transform environment, San
Francisco Bay region, California. Geological Society of America Bulletin 95, 1303-1317. [Discusses the
evolution of the northern San Andreas transform fault zone].

Becker, A. (1989). Detached neotectonic stress field in the northern Jura Mountains, Switzerland.
Geologische Rundschau 78, 459-475. [Presents evidence for differing orientations of the tectonic stress
field in the Swiss Jura mountains and the foreland of the Alps and a fanning of SHmax trajectories in the
Jura nappes ].
Becker, A., Blenkinsop, T.G. and Hancock, P.L. (1990). Comparison and tectonic interpretation of in situ
stress measurement by flatjack and doorstopper techniques in Gloucestershire, England. Annales
Tectonicae 4 3-18. [Reviews problems of different in situ stress measurement methods].
Bell, J.S. and Gough, D.I. (1979). Northeast-southwest compressive stress in Alberta: Evidence from oil
wells. Earth and Planetary Science Letters 45, 475-482. [Uses borehole breakouts from petroleum wells
to assess recent stress field in W Canada].
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Ebinger, C.J. and Sleep, N. (1998). Cenozoic magmatism throughout East Africa resulting from impact of
a single plume. Nature 395, 9. 788-791. [Provides evidence for an anomalous upper mantle underneath
the East African rift province and explains magmatism and uplift by the existence of a single plume].
Fielding, E., Barazangi, M., Brown, L., Oliver, J. and Kaufman, S. (1984). COCORP seismic profiles
near Coalinga, California; subsurface structure of the western Great Valley. Geology 12, 268-273.
[Documents the activity of thrust faults whose strike is parallel to the San Andreas Fault].
Granet, M., Stoll, G., Dorel, J., Achauer, U., Poupinet, G. and Fuchs, K. (1995a). New constraints on the
geodynamical evolution of the Massif Central (France): A mantle plume hypothesis from teleseismic
tomography. Geophysical Journal International 121, 33-48. [Uses delays in seismic wave velocities to
document a partially molten upper mantle under the Massif Central].
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Gough, D.I. and Bell, J.S. (1982). Stress orientation from borehole wall fractures with examples from
Colorado, east Texas and northern Canada. Canadian Journal of Earth Sciences 19, 1358-1370 [Analyses
borehole breakouts and their use in determining tectonic stress fields].
Hamburger, M.W., Sarewitz, D.R., Pavlis, T.L. and Popandopulo, G.A. (1992). Structural and seismic
evidence for intracontinental subduction in the Peter the First Range, Central Asia. Geological Society of
America Bulletin 104, 397-408. [Seismotectonic study integrating structural field observations, cross
section balancing, and data from a seismicity network to characterize a continental collision zone].
Hickman, S.H., Healy, J.H. and Zoback, M.D. (1985). In situ stress, natural fracture distribution and
borehole elongation in the Auburn Geothermal Well, Auburn, New York. Journal of Geophysical
Research 90, 5497-5512. [Shows fault-normal SHmax orientation in vicinity of San Andreas Fault,
suggesting a mechanically weak fault].
Jackson, J. (2001). Living with earthquakes: Know your faults. Journal of Earthquake Engineering 5, 5123. [A comprehensive overview of active faults in different geodynamic settings and their relevance in
assessing local site conditions for engineering purposes].

Meschede, M., Asprion, U. and Reicherter, K. (1997). Visualization of tectonic structures in shallowdepth high-resolution ground-penetrating radar (GPR) profiles. Terra Nova 9, 167-170. [Discusses the
use of GPR in assessing neotectonic structures].
Pierce, K.L. and Morgan, L.A. (1992). The track of the Yellowstone hot spot, volcanism faulting and
uplift, in: Regional Geology of Eastern Idaho and Western Wyoming (ed. P.K. Link, M.A. Kuntz, and
L.B. Platt). Geological Society of America Memoir 179, 1-54. [Presents the regional tectonic setting,
geologic evolution and geodynamic significance of Yellowstone hotspot].
Rietbrock, A., Tiberi, C., Scherbaum, F. and Lyon-Caen, H. (1996). Seismic slip on a low angle normal
fault in the Gulf of Corinth: Evidence from high-resolution cluster analysis of microearthquakes.
Geological Research Letters 23, 1817-1820. [Presents evidence for a shallow-dipping normal detachment
fault in an actively extending region].

Ritter, J. and Kaspar, T. (1997). A tomography study of the Chyulu Hills, Kenya. Tectonophysics 278,
149-169. [Presents evidence for asthenospheric upwarp underneath the eastern rift shoulder of the Kenya
Rift].
Schurr, B., Asch, G., Rietbrock, A., Kind, R., Pardo, M., Heit, B. and Monfret, T. (1999). Seismicity and
average velocities beneath the Argentine Puna plateau. Geophysical Research Letters 26, 3025-3028.
[Provides data from which delamination of lithospheric mantle beneath Puna plateau can be inferred].
Smith, R.B. and Arabasz, W.J. (1991). Seismicity of the Intermountain Seismic Belt, in: Neotectonics of
North America (ed. D.B. Slemmons, E.R. Engdahl, M.D. Zoback, and D.D. Blackwell), Geological
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Society of America, Boulder Colorado, pp. 185-228. [Presents an analysis of seismicity patterns in the
Yellowstone hotspot region].
Smith, R.B. and Braile, L.W. (1994). The Yellowstone hotspot. Journal of Volcanology and Geothermal
Research 61, 121-187. [Reviews geophysical evidence for the spatial extent of the Yellowstone hotspot].
Vanneste, K., Verbeeck, K., Camelbeeck, T., Paulissen, E., Meghraoui, M., Renardy, F., Jongmans, D.
and Frechen, M. (2001). Surface-rupturing history of the Bree fault scarp, Roer Valley graben: Evidence
for six events since the late Pleistocene. Journal of Seismology 5, 329-359. [Provides evidence that
surface ruptures occurred along normal faults in Lower Rhine Embayment originally interpreted to be
creeping].
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Vanneste, K. and Veerbeck, K. (2001). Paleoseismological analysis of the Rurrand fault near Zülich, Roer
Valley Graben, Germany: coseismic or aseismic faulting history? Geologie en Mijnboow 80, 223-237.
[Discusses the problems of addressing paleoseismologic information in fault-related deposits in humid
environments].
Wittlinger, G., Tapponnier, P., Poupinet, G., Mei, J., Shi, D., Herquel, G. and Masson, F. (1998).
Tomographic evidence for localized lithospheric shear along the Altyn Tagh Fault. Science 281, 74-46.
[Characterizes lithosphere-scale effects of ongoing faulting along one of the most important strike-slip
faults of Central Asia].
Zoback, M.D., Moos, D., Mastin, L. and Anderson, R.N. (1985). Wellbore breakouts and in situ stress.
Journal of Geophysical Research 90, 5523-5530. [Presents the use of borehole breakouts in determining
shallow crustal stress fields].

Zoback, M.D. and 12 others (1987). New Evidence on the State of Stress of the San Andreas Fault
System. Science 238, 1105-1111. [Shows that SHmax is oriented perpendicular to the trace of the San
Andreas transform fault].
Zoback, M.D. and Zoback, M.L. (1991). Tectonic stress field of North America and relative plate
motions, in: Neotectonics of North America (ed. D.B. Slemmons, E.R. Engdahl, M.D. Zoback, and D.D.
Blackwell), Geological Society of America, Boulder Colorado, pp. 339-366. [Reviews different methods
for determining shallow crustal stress fields and discusses the character of the tectonic stress field in the
conterminous United States].
Zoback, M.L. (1992). First and second order patterns of stress in the lithosphere: The World Stress Map
Project. Journal of Geophysical Research 97, 11,703-11,728. [Summary of the most important
characteristics of the different study sites of the World Stress Map Project].

Morphotectonics and Tectonic Geomorphology

Adams, J. (1990). Paleoseismictiy of the Cascadia subduction zone: evidence from turbidites off the
Oregon-Washington margin. Tectonics 9, 569-583. [Investigates the relationship between deep-sea
turbidites and earthquakes ].

Arrowsmith, J.R. and Strecker, M.R. (1999). Seismotectonic range-front segmentation and mountain-belt
growth in the Pamir-Alai region, Kyrgyzstan (India-Eurasia collision zone). Geological Society of
America Bulletin 111 (11), 1665-1683. [Analyses the structural character of discrete fault segments and
their kinematic linkage in an active collision zone].
Atwater, B.F. (1987). Evidence for great Holocene earthquakes along the outer coast of Washington
State. Science 236, 942-944. [Uses tsunami deposits to infer megathrust earthquakes on the coast of the
Pacific NW of the United States].
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Bloom, A.L., Broecker, W.S., Chappell, J.M., Matthews, R.K. and Mesolella, K.J. (1974). Quaternaray
sea-level fluctuations on a tectonic coast: New 230Th/234U dates from the Huon Peninsula, New Guinea.
Quaternary Research 4 185-205. [Explains flights of coral terraces by Quaternary sea-level change and
ongoing tectonic uplift during the last 130,000 years].
Bloom, A.L. and Yonekura, N. (1985). Coastal terraces generated by sea-level change and tectonic uplift,
in: Woldenberg, M.J. (ed.), Models in Geomorphology, State University of New York at Buffalo, pp. 141154. [Discusses the principles of eustatically controlled sea-level changes superposed on tectonically
active coastlines].
Bloom, A.L. and Yonekura, N. (1990). Graphic analysis of dislocated Quaternary shorelines, in Sea Level
Change. Washington, D.C., National Academy Press, pp. 104-113. [Provides a method to predict ages of
undated uplifted marine terrace flights based on graphic analysis of changing uplift rates and terraces
elevations].
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Bookhagen, B., Thiede, R., and Strecker, M.R., Late Quaternary intensified monsoon phases control
landscape evolution in the NW Himalaya. Geology 33, 149-152. [Demonstrates the effects of intensified
monsoon precipitation on landsliding and discusses climate vs. seismic triggering of landslides in orogens
subject to pronounced changes in precipitation patterns].
Bosworth, W., Burke, K. and Strecker, M.R. (2000). Magma chamber elongation as an indicator of
intraplate stress field orientation: "borehole breakout mechanism" and examples from the Late Pleistocene
to Recent Kenya Rift Valley, in: Jessell, M.W. and Urai, J.L., eds., Stress, Strain and Structure, A volume
in honor of W.D. Means. Journal of the Virtual Explorer 2. [Uses elongated calderas in order to define
orientation of Shmin analogous to borehole breakouts].

Buergmann, R., Arrowsmith, R., Dumitru, T. and McLaughlin, R. (1994). Rise and fall of the southern
Santa Cruz Mountains, California, from fission tracks, geomorphology and geodesy. Journal of
Geophysical Research 99 (B10), 20,181-20,202. [Neotectonic assessment of the Santa Cruz Mountains
along the San Andreas Fault].
Burbank, D.W and Anderson, R.S. (2001). Tectonic Geomorphology. Malden, Blackwell Science, U.S.A.,
pp. 274. [Comprehensive text on all aspects of tectonic landforms, active tectonics, and Quaternary dating
techniques].
Burtman, V.S. and Molnar, P. (1993). Geological and geophysical evidence for deep subduction of
continental crust beneath the Pamir. Geological Society of America Special Paper 281, Denver, U.S.A., 176 pp. [Summary of geologic, geomorphic, and geophysical literature on the Pamir mountains
complemented by an analysis of deep and crustal earthquakes].
Chappell, J., Omura, A., Esat, T., McCulloch, M., Pandolfi, J., Ota, Y. and Pillans, B. (1996).
Reconciliation of late Quaternary sea levels derived from coral terraces at Huon Peninsula with deep sea
oxygen isotope record. Earth and Planetary Science Letters 141, 227-236. [Discusses uplifted coastal
terraces in light of Quaternary climate change documented in stable isotope ratios in corals].

Coutand, I. Strecker, M.R., Arrowsmith, JR., Hilley, G.E., Thiede, R., Korjenkov, A., and Omuraliev, M.
(2002). Late Cenozoic tectonic development of the intramontane Alai Valley, Pamir-Tien Shan region,
Central Asia: an example for intracontinental deformation related to the Indo-Eurasia collision. Tectonics,
21, 1053, doi:10.1029/2002TC001358I. [Uses analysis of seismic reflection profiles to document
northward advance of fault systems in northern Pamir].
Dethier, D.P. and Reneau, S.L. (1996). Lacustrine chronology links late Pleistocene climate change and
mass movements in northern New Mexico. Geology 24, 539-542. [Establishes links between increased
runoff, lateral scouring and generation of landslides].
Eisbacher, G.H. (1979). Cliff collapse and rock avalanches (sturzstroms). Canadian Geotechnical Journal
16, 309-334. [Relates large rock avalanches in western Canada to seismic activity].
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Field, M.E., Garder, J.V., Jennings, A.E. and Edward, B.D. (1982). Earthquake-induced sediment failures
on a 0.25° slope, Klamath River delta, California. Geology 10, 542-46. [Demonstrates that numerous
mass movements can occur as secondary effects of moderate earthquakes].
Heezen, B.C. and Ewing, M. (1952). Turbidity currents and submarine slumps and the 1929 Grand Banks
earthquake. American Journal of Science 250, 849-73. [Study that established the link between seismic
activity along the passive continental margin of Canada and the generation of seismoturbidites].
Hermanns, R.L. and Strecker, M.R. (1999). Structural and lithological controls on large Quaternary rock
avalanches (sturzstroms) in arid northwestern Argentina. Geological Society of America Bulletin 111 (6),.
934-948. [Correlates tectonically active mountain fronts in the NW Argentine Andes with clusters of
large rock-avalanche deposits and structurally complex sectors of mountain fronts that are undercut by
laterally eroding rivers].
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Jibson, R.W. (1994). Using landslides for paleoseismic analyses, United States Geological Survey OpenFile Report 94-663. Chapter B, pp. 33. [Describes the use of landslides to assess paleo-earthquakes].
Jordan, T.E., Isacks, B.L., Allmendinger, R.W., Brewer, J.A., Ramos, V.A.. and Ando, C.J. (1983).
Andean tectonics related to geometry of subducted Nazca plate. Geological Society of America Bulletin
94, 341-361. [Discusses the character of different structural and volcanic provinces in the southern
Central Andes in relation to changing subduction geometries].
Jordan, T.E. and Allmendinger, R.W. (1986). The Sierras Pampeanas of Argentina: A modern analogue
of Laramide deformation. American Journal of Science 286, 737-764. [Reviews the tectonic history of an
active tectonic province above a shallow subduction segment of the oceanic Nazca Plate ].

Keefer, D.K. (1984). Landslides caused by earthquakes. Geological Society of America Bulletin 95, 406471. [Uses different types of mass movements to infer magnitudes of paleo-earthquakes].
Lajoie, K.R. (1986). Coastal tectonics, in: Active Tectonics (ed. R.E. Wallace), Washington, D.C.,
National Academy Press, pp. 95-124. [Comprehensive summary of tectonic and non-tectonic coasts
during Pleistocene and Holocene time, discussion of earthquake prediction models using coastal uplift
phenomena].

Leeder, M.R. and Jackson, J.A. (1993). The interaction between normal faulting and drainage in active
extensional basins, with examples from the western United States and central Greece. Basin Research 10,
7-18. [Investigates the role of fault-tip propagation, overlapping normal faults and the fluvial system].
Molnar, P., Brown, E.T., Burchfiel, B.C., Deng, Q., Feng, X., Li, J., Raisbeck, G.M., Shi, J., Wu, Z.,
Yiou, F. and You, H. (1994). Quaternary climate change and the formation of river terraces across
growing anticlines on the north flank of the Tien Shan, China. Journal of Geology 102, 583-602.
[Reviews the formation and destruction of fluvial terraces in response to tectonic uplift and superposed
climatic oscillations].
Nikonov, A.A., Vakov, A.V. and Veselov, I.A. (1983). Seismotectonics and earthquakes in the
convergent zone between the Pamir and the Tien Shan (in Russian), Moscow, Nauka, 240 pp.
[Comprehensive treatment of earthquake geology in the Pamir region].
Noller, J.S., Sowers, J.M. and Lettis, W.R. (2000). Quaternary Geochronolgy: Methods and Application
(ed. J. Noller, J. Sowers, and W. Lettis), American Geophysical Union, Washington, D.C., pp.
[Comprehensive presentation of several dating methods to assess the age of Quaternary deposits with
applications].
Ouchi, S. (1983). Response of alluvial rivers to slow active tectonics movement. Geological Society of
America Bulletin 96, 504-515. [Describes several models of actively deforming structures and their
relation to the geometry of braided and meandering rivers].
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Pierce, K.L. and Morgan, L.A. (1992). The track of the Yellowstone hot spot, volcanism faulting and
uplift, in: Regional Geology of Eastern Idaho and Western Wyoming (ed. P.K. Link, M.A. Kuntz, and
L.B. Platt). Geological Society of America Memoir 179, 1-54. [Summary of the most important features of
the Yellowstone hotspot and its bearing on the regional geological evolution].
Reilinger, R.E., Oliver, J.E., Sanford, A. and Balazs, E. (1980). New measurements of crustal doming
over the Socorro magma body, New Mexico. Geology 8, 291-295. [Documents surface uplift in the Rio
Grande Rift related to magmatic anomalies over the Socorro bright spot].
Rockwell, T.K., Keller, E.A., Clark, M.N. and Johnson, D.L. (1984). Chronology and rates of faulting of
Ventura River terraces, California. Geological Society of America Bulletin 95, 1466-1474. [Reviews the
history of river terraces in an actively deforming anticline].
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Schumm, S. A., Dumont, J. F. and Holbrook, J. M. (2000) Active Tectonics and Alluvial Rivers.
Cambridge University Press. [Discusses the principles of drainage-pattern evolution in tectonically active
environments with experimental results and field examples].
Seeber, L. and Gornitz, V. (1983). River profiles along the Himalayan arc as indicators of active
tectonics. Tectonophysics 92, 335-67. [Discusses longitudinal profile development of Himalayan rivers in
response to tectonic deformation].
Shreve, R.L. (1966). Sherman landslide, Alaska. Science 154, 1639-43. [Documents the generation of a
large rock avalanche by the great Alaska earthquake in 1964].
Strecker, M.R., Cerveny, P., Bloom, A.L. and Malizia, D. (1989). Late Cenozoic tectonism and landscape
development in the foreland of the Andes: Northern Sierras Pampeanas (26°-28°S), Argentina. Tectonics
8, 517-534. [Investigates the relationship between neotectonics and the formation and destruction of
pediments].

Strecker, M.R., Frisch, W., Hamburger, M.W., Ratschbacher, L., Semiletkin, S., Zamoruyev, A. and
Sturchio, N. (1995). Quaternary deformation in the eastern Pamirs, Tadzhikistan and Kyrgyzstan.
Tectonics 14, 1061-1079. [Documents coeval thrusting, normal, and strike-slip faulting in the Pamir
orogen].
Strecker, M.R., Hilley, G., Arrowsmith, J R., and Coutand, I. (2003). Differential structural and
geomorphic mountain-front evolution in an active continental collision zone: the NW Pamir, southern
Kyrgyzstan. Geological Society of America Bulletin, 115, 166-181 [Investigates the interplay between
rangefront tectonics and superposed surface processes in areas characterized by various stages of collision
and rangefront approachment].
Streeter, S.S. and Shackleton, N.J. (1979). Paleocirculation of the deep North Atlantic: 150000-year
record of benthic foraminifera and oxygen-18. Science 203, 168-171. [Evaluates the relationship between
Pleistocene temperature changes and variations in the oxygen-isotope record of foraminifera].
Schwartz, D.P. and Coppersmith, K.J. (1984). Fault behavior and characteristic earthquakes: examples
from the Wasatch and San Andreas fault zones. Journal of Geophysical Research 89, 5681-5698. [Study
that suggests that fault segments rupture with characteristic earthquakes where strain accumualtes in
predictable pattern].
Trauth, M. Deino, A. and Strecker, M.R. (2001). Response of the East African climate to orbital forcing
during the Eemian interglacial. Geology 29, 499-502. [Links long-term fluctuations in African lake levels
with variations in the temporal and spatial distribution of solar radiation].
Yeats, R.S., Sieh, K. and Allen, C.R. (1997). The Geology of Earthquakes. New York, Oxford University
Press, pp. 568. [A comprehensive textbook on methods and principles of assessing the geological
assessment of seismically active regions].
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Paleoseismology
Adams, J. (1984). Active deformation of the Pacific Northwest continental margin. Tectonics 3, 449-472.
[Uplift study of the Oregon and Washington coast using benchmarks].
Bezerra, F. H.R. (2000) Neotectonic movements in NE Brazil: implications for a preliminary seismichazard assessment. Rev. Brasileira de Geociencias 30, 562-564 [Uses liquefaction phenomena in
Quaternary sediments to infer paleo-earthquakes for the passive margin region of NE Brazil].
Buddemeier, R.W. and Taylor, F.W. (2000). Sclerochronolgy in: Quaternary Geochronology: Methods
and Application (ed. J. Noller, J. Sowers, and W. Lettis), American Geophysical Union, pp. 25-40. [An
up-to-date treatment of using coral growth patterns for paleoseismologic studies].
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Camelbeeck, T. and Meghraoui, M. (1998). Geological and geophysical evidence for large
paleoearthquakes with surface faulting in the Roer Graben (northwest Europe). Journal Geophysical
International 132, 347-362. [Documents paleoearthquakes with surface ruptures for the first time in this
part of Europe].
Jacoby, G.C. (2000). Dendrochronology, in: Quaternary Geochronolgy: Methods and Application (ed. J.
Noller, J. Sowers, and W. Lettis), American Geophysical Union, pp. 11-20. [A detailed account of
dendrochronology and its use in paleoseismologic studies].
Jacoby, G.C., Williams, P.L. and Buckley, B.M. (1992). Tree ring correlation between prehistoric
landslides and abrupt tectonic events in Seattle, Washington. Science 258, 1621-1623. [Documents the
relationship between earthquake faulting, landsliding, and changes in tree-ring growth patterns].
McCalpin, J.P. (1996). Paleoseismology. London, Academic Press, pp. 588. [A comprehensive textbook
on the field of paleoseismology].

Obermeier, S.F., Martin, J.R., Frankel, A.D., Youd, T.L., Munson, P.J., Munson, C.A. and Pond, E.C.
(1993). Liquefaction evidence for one or more strong Holocene earthquakes in the Wabash Valley of
southern Indiana and Illinois with a preliminary estimate of magnitude. United States Geological Survey
Prof. Paper 1536, 27. [Uses liquefaction features to document paleoearthquakes in the stable continental
interior of the United States].
Sieh, K.E. (1978). Prehistoric large earthquakes produces by slip on the San Andreas fault at Pallet Creek,
California. Journal of Geophysical Research 83, 3907-3939. [Classic trenching study along the San
Andreas Fault].
Sieh, K.E. (1981). A review of geological evidence for recurrence times for large earthquakes, in:
Earthquake Prediction, An International Review (ed. D.W. Simpson and P.G. Richards). Maurice Ewing
Series 4, 181-207. American Geophysical Union, Washington, DC. [Uses trenching information and other
geological data to infer paleoearthquake activity along San Andreas Fault].
Stahle, D.W., VanArsdale, R.B. and Cleaveland, M.K. (1992). Tectonic signal in bald-cypress trees at
Reelfoot Lake, Tennessee. Seismological Research Letters 63, 439-447. [Uses tree rings to assess paleoearthquakes].
Taylor, R.W., Frohlich, C., Lecolle, J. and Strecker, M. (1987). Analysis of partially emerged corals and
reef terraces in the Central Vanuatu Arc: Comparison of contemporary coseismic and nonseismic with
Quaternary vertical movements. Journal of Geophysical Research 92, 4905-4933. [Describes the
seismotectonic segmentation of the Vanuatu island arc based on differentially uplifted coral terrace
sequences].
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Vita-Finzi, C. (1986). Recent Earth Movements: an Introduction to Neotectonics. London, Academic
Press, pp. 226. [Presents examples of archaeological evidence for paleo-earthquakes].

Geodesy

Avouac, J.-P. and Tapponnier, P. (1993). Kinematic model of active deformation in central Asia.
Geophysical Research Letters 20 (10), 895-898. [Summarizes GPS data (global positioning system) in
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from space-based synthetic aperture radar interferometry. Geology 25, 559-562. [This research uses SAR
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tectonic plate motions measured with CDP VLBI data. American Geophysical Union Geodynamics Series
23, 37-49. [Application of VLBI methods to study relative plate motions.].
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Journal of Geophysical Research 104, 28,957--28,981. [Modelling study that demonstrates the effects of
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governing parameters of changes in jet-stream meanders, creation and intensification of monsoonal
circulation, and biogeochemical effects of tectonic uplift on climate].

U
SA NE
M SC
PL O
E –
C EO
H
AP LS
TE S
R
S
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