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Lawrence Livermore National Laboratory
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Abstract
We present a regionalized crustal model of Western Eurasia, WEA. The model is

constructed using results from published studies and maps of geological and geophysical
parameters in this region, and was developed in conjunction with the updated
regionalization of Middle East and North Africa by Walter et al. [2000]. As this is the
first realization of our Eurasian modeling effort, we have limited ourselves to only twelve
broad regions. Particular attention has been given to identifying the boundaries for each
region. The main use of this model will be to assist in monitoring the Comprehensive
Nuclear Test Ban Treaty (CTBT). Specifically, this model will help us to calibrate and
predict the travel time and amplitudes of various regional seismic phases and to locate
events accurately. Our model based approach allows us to readily calibrate both the
seismic and the aseismic parts of western Eurasia. Each region is specified by an one-
dimensional model of compressional and shear velocities, densities and layer thicknesses.
Further improvements to this model will involve, but not be limited to, increasing the
spatial coverage toward the east and west of Eurasia, identify sub-regions based on their
distinct physical properties and the use of new and improved body wave and surface
wave datasets. In the future, we expect to use this model and its successors to be the
baseline model for calibration techniques, e.g., kriging, to improve our capability to

detect, locate and discriminate different seismic events in Eurasia.



Introduction

Knowledge of the propagation of seismic waves and accurate prediction of the
seismic arrivals is an important component in monitoring the Comprehensive Nuclear
Test Ban Treaty (CTBT). This allows us to properly locate, identify, and estimate the size
of seismic event, thereby giving us the capability to discriminate an explosion from an
earthquake. To do this, one important step is to calibrate the seismic properties, primarily
the crust and mantle velocities, densities, and attenuation in our regions of interest. We
develop a regionalized model of western Eurasia for this purpose. We call this model
WEA; namely, the region between latitudes 50° N - 85° N and longitudes 0° - 75° E are
considered in current model WEA.

Typically, the classifications of small seismic events rely on regional data. To
achieve the CTBT goal, the events need to be accurately located within a 1000 km?
region. So, it is important to construct robust models of crust and mantle structure that
allows us to predict the arrival times and waveforms of the seismic phases at regional
distances. Over the years, there have been several studies that have developed
regionalized models of the crust and upper mantle globally. The earlier models developed
by Flinn and Engdahl [1965] and Flinn et al. [1974] were based on seismicity and
geographical features and are not adequate for seismic calibration. This was followed by
several recent global regionalizations of the crust (Mooney et al. [1998]), the mantle
(Nataf and Ricard [1996]; Gudmundsson and Sambridge [1998]) and the lithosphere

(Jordan [1981]). Though these models were based on modern seismic data, they were too



coarse (nominal resolution 5° for the crustal models and 2° for the mantle models) for
modeling regional wave propagation. Therefore, construction of a regionalized model of
Eurasia at finer grid spacing is needed. Recently, Du et al. [1998] developed a
regionalized model of Europe. The lateral length scale of this model, 1°x1°, is adequate
for our seismic calibration. On the other hand, this model is predictive only at periods
above 10 seconds and therefore not adequate for the high frequency body wave phases
that constitute the bulk of our seismic arrival and waveform dataset. Also, this model
covers only southern and western Europe and other parts of western Eurasia such as the
Former Soviet Union, northern Scandinavia, the islands of Spitsbergen and Novaya
Zemlya, are not accounted for. The recent 3-dimensional model by Ryaboy [1999] of
northern Eurasia does cover much of these regions although the regionalization is based
on variations of upper mantle structure. Therefore, structural boundaries in the crust,
which can cause waveform complexities for regional phases, are not fully considered.
This WEA model addresses these issues and lets us increase the coverage eastwards.
Moreover, it provides a seamless transition to the MENA1.1 model of Walter et al.
[2000] giving us an internally consistent model of the Middle East, North Africa and
Western Eurasia.

To predict both body wave and short- and intermediate-period surface waves, we
develop a preliminary set of seismically distinct regions where the primary attention has
been given to delineating the boundaries. The model WEA has been developed using a
synopsis of a priori models available in the literature. This approach is especially suitable
for the analysis of large aseismic regions as it lets us extrapolate sparse calibration data,

which lie within a similar geophysical region. The primary reasons for developing such a



model is described in Sweeney and Walter [1998] and is briefly outlined here. First, using
the three-dimensional seismic properties can improve our capability for seismic
calibration. Second, tectonic boundaries, which can strongly affect the waveforms, will
be properly delineated. Moreover, the spatial extent of distinct geophysical regions gives
us estimates on the correlation lengths of our measurements. Finally, this model can
provide a baseline for several avenues of future research, namely, discrimination, location
and yield estimation, in Eurasia and eventually serve as a starting point for tomographic
inversions.

WEA has been developed in conjunction with the model MENAL1.1 (Walter et al.
[2000]). Several of the regions are similar between the models and therefore, have the
same crustal structure. We will first describe the parameterization of the model. Next we
list the information sources that we have used to develop this model. The model regions,
including their boundaries and seismic structures, are then described. Finally, using P-
wave travel times, we validate the improvement we achieve in seismic calibration by
using this model instead of the commonly used 1-dimensional model ak135 (Kennett et

al. [1995]]).

Model Parameterization

The WEA is defined within the latitude limits of 50° N and 85° N and the
longitude limits of 0° E and 75° E (Figure 1). The southern and eastern limits are chosen
to be consistent with and complimentary to the MENAL1.1 (Walter et al. [2000]). The

western limit is chosen to include most of continental western Europe. Seismicity (using



National Earthquake Information Center, NEIC, locations) and topography (using model
ETOPOS5") of this region are also shown in Figure 1. We note that the region is mostly
aseismic. The WEA model is presented in 1° % 1° blocks and we consider that the seismic
properties are uniform within each block. This is similar to the parameterization of
Sweeney and Walter [1998] and is nominally chosen based on the nature of lateral
variations in crustal structure and the lateral resolution of the seismic waves that will be
calibrated. Large parts of western Eurasia are tectonically stable regions (e.g., Russian
and Siberian platforms) and therefore the variations of crustal structure occur on length
scales much larger than the 1°. On the other hand, we observe rapid structural variations
in regions such as the North Caspian basin and the Trans European Suture Zone (TESZ)
where finer scale parameterization is necessary. Each 1° % 1° block is parameterized by
up to seven layers: one water layer, two sedimentary layers (consolidated and
unconsolidated), three crustal layers (upper, middle and lower) and an upper mantle
layer. This format follows the model format of Mooney et al. [1998] and Sweeney and

Walter [1998].

Data Sources

As mentioned earlier in the text, the geophysical regions are based on a priori

models. The sources of information are as follows:

" Data Announcement 88-MGG-02, Digital relief of the Surface of the Earth. NOAA, National Geophysical
Data Center, Boulder, Colorado, 1988.



1. The tectonic map of the world developed by the Exxon corporation (Kaplan et al.
[1985]).

2. The ETOPOS digital topography and bathymetry map.

3. The gridded crustal model of velocities, densities and layer thicknesses, CRUSTS5.1,
of Mooney et al. [1998].

4. A regionalized tectonic map of Asia and Eastern Europe developed by the United
States Geological Survey (Terman and Alverson [1967]).

5. Global seismicity catalog obtained from the Lawrence Livermore National
Laboratory (LLNL) seismic database. This catalog has been primarily developed
using the seismicity reports of the National Earthquake Information Center (NEIC).

6. Several published reports on the crustal structures and tectonic boundaries of western
Eurasia.

7. Results from active source experiments in western Eurasia. These results have also

been used by Mooney et al. [1998] in their regionalization.

Recently, the seismic group in LLNL has undertaken several studies to document
the seismic structure and wave propagation characteristics in western Eurasia. In the
future, we plan to use results from these empirical datasets (e.g., surface wave dispersion,
refraction seismic data, etc.) to improve on this model. Though seismicity is sparse in
many parts of WEA (Figure 1), there have been several active seismic surveys in this
region. Several of the earlier surveys have used large sources such the Peaceful Nuclear
Explosions, PNE’s (Solodilov [1997]; Fuchs and Wenzel [1997]; Schueller et al. [1997];

Morozova et al. [1999]). The location and geometry of these profiles make them ideal for



resolving the crust and mantle structures of the stable platforms of eastern Europe
(Nielsen et al. [1999]; Ryberg et al. [1996]; and many others). On the other hand, several
recent experiments in Eurasia (e.g., EUROPROBE, URALSEIS, VARNET, MONA
LISA, BABEL, POLONAISE) traverse tectonic boundaries and are therefore ideal for
defining these boundaries. Mooney et al. [1998] have used results from several of these
studies and therefore the crustal properties given in their model CRUSTS.1 are
considered to be representative; we use small modifications of these models for most of
the regions in WEA. Additionally, the 1° x 1° parameterization used for WEA give us

greater flexibility to define the shape of the tectonic boundaries accurately.

Brief description of the Seismically Distinct Regions

We divide western Eurasia into twelve geophysically distinct regions (Figure 2)
which vary in size and are classified according to broad tectonic themes. To simplify our
model, we choose only a small number of distinct units disregarding some of the
secondary tectonic features (e.g., basins) within each of the regions. The sedimentary
layer thickness and/or upper mantle structure primarily distinguish many of these units.
Fortunately, higher resolution models of the sediment layer (Laske and Masters [1997])
and the upper mantle (Gudmundsson and Sambridge [1998]) are available which will be
incorporated into our model in the future. Below, we present a brief description of the
models that have primarily been derived from the CRUSTS.1 model of Mooney et al.

[1998]. The models are presented in Table 1. Probable subdivisions of each of these



regions are also discussed. As in Mooney et al. [1998], we use a mantle V,/V; ratio of

1.77.

Region 1. Oceanic Crust

This region has primarily been developed based on bathymetry and sediment
thickness and contains parts of the Arctic and the North Atlantic Oceans. We also
separate the seismically active ridges from within this region and identify them as region
12. Most of this region falls under the models for “normal oceanic crust” which differ
primarily in their sediment thickness. Our Region 1 does not belong to any active
subduction zones or deep basins and therefore has a typically thin sedimentary cover. We
choose the model A2 for this region which is consistent with the oceanic region 1 of
Walter et al. [2000]. In the future, we will likely adopt an oceanic crustal structure which

varies with age (Zhang and Lay [1999]).

Region 2. Continental Shelf

The continental shelf region lies between the northern boundary of continental
Eurasia and the deep ocean; this region is expected to have thick sedimentary cover.
Moreover, the crustal structure of the Barents and the Kara Seas are expected to be
similar to the structures of the adjacent Russian and West Siberian Platforms
respectively. The crust within the Barents Sea is about 30 — 36 km thick (Breivik et al.
[1998]). This region consists of model C3 — C6 of Mooney et al. [1998] though most of it
is covered with region C5. We choose C5 for this region as it is distinct from the oceanic

crust (Region 1) by having a large crustal thickness (= 32 km) and from the continental



crust in having a thick sedimentary layer (= 5.5 km). It also has a high Pn velocity of 8.2
km/s. This region consists of several provinces of thick sediments though they have a
similar tectonic history. The Barents and the Kara Seas contain several deep basins
(Ostisty and Cheredeev [1993]) which may be separated into a new region in the future.
These basins can effect seismic wave propagation; for instance, Baumgardt [1990] has
shown that the thick sedimentary basins in the southern Barents Sea can significantly
block Lg waves. Such propagation characteristics have been catalogued by Zhang and

Lay [1994] for explosions at Novaya Zemlya and are important for CTBT monitoring.

Region 3. Norwegian Sea

The Norwegian sea consists primarily of extended continental crust and is
Mesozoic and Cenozoic in origin. This region is continental in origin and thus has a low
velocity in the upper crystalline crust and normal Poisson’s ratio (Mjelde et al. [1997];
Mjelde et al. [1998]; Digranes et al. [1998]). Mjelde et al. [1998] approximated an
average lower crust velocity of 7.2 km/s in this region and Mjelde et al. [1997] estimated
the Pn velocity in the Vering basin of this region to be about 8.2 km/s. This region
corresponds to the model Y6 of Mooney et al. [1998] with a 21.5 km thick crust; we
adopt this structure. The crustal thickness is also consistent with the results from gravity
and magnetic data (Fichler et al. [1999]). This region has a slightly greater crustal
thickness and higher upper and middle crustal velocities compared to a normal oceanic
crust. There is an evidence for high Vp/Vs in this region (Digranes et al. [1998]) and we

might need to change the shear-wave velocities in the future.



Region 4. Baltic Shield

This region consists of the Scandinavian countries and the Northern Baltic sea.
The Baltic shield is mostly Early- to Middle-Proterozoic and is expected to have a thick
crust. The Paleozoic orogenic belt in Norway is included in this region as its deep crustal
structure is expected to be similar to the Baltic shield. The southern boundary of this
region coincides with the Tornquist-Tesseyre Zone, TTZ, and its northern extension, the
Sorgenfrei-Tornquist Zone, STZ. We call this boundary TTZ for short. The TTZ is
usually referred to as the boundary between the Precambrian crystalline crust of the
Baltic Shield and the Russian Platform and the younger crust of central Europe and the 3-
dimensional S-velocity model of Zielhuis and Nolet [1994] and the density model of
Yegorova and Starosenko [1999] reveals that below this line a sharp lateral boundary
extends down to at least 140 km depth. Schweitzer [1995] has shown clearly the influence
of the TTZ on regional wave propagation. Lie and Andersson [1998] and Tryggvason et
al. [1998] have inferred, following analyses of deep seismic profiles, that this
Scandinavian section of the Tornquist zone represents a boundary between the thick crust
of the Baltic sea and the thinner basin crystalline crust of central Europe. CRUSTS.1
predicts the model H2 for most of the Baltic shield; we adopt this model for the region.
However, in the future we may need to delineate the thick shield (= 50 km crust) in
Finland (Pilipenko et al. [1999]; Viino and Flodén [1999]) and the younger Caledonides
orogenic belt in Andersen [1998]) as separate regions. The Murmansk Shear Zone in the
northeastern part marks as a terrane boundary (Roberts et al. [1997]) and might be used

for further subdivision of this region.
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Region 5. Western European Extended Crust

This region is defined by the TTZ to the north and east, the North sea to the
northwest and the foreland basins related to the alpine orogeny to the south coinciding
with Region 28 of Sweeney and Walter [1998]. Region 5 consists of several terrains
including thin basins south of the TTZ and the orogenic belts of the Harz and the Jura
mountains. CRUSTS.1 for this region consists of extended crust with types N1, N2 and
N3 with a relatively thin 31 km crust. The orogenic regions belong to the P2 (Alps
foreland) crustal type that has a relatively thick upper and middle crust. We adopt the
model N2 for this region and the middle crust is increased by 2 km to account for the
orogenic regions giving a total crustal thickness of 33 km. In the future, we expect to
subdivide this region into its basins and orogenic belts. For instance, the crustal thickness

in the North German Basin is only about 25 km thick (7ryggvason et al. [1998]).

Region 6. Russian Platform

The Early Proterozoic Russian platform is defined by the stable Baltic shield to
the west, the orogenic belts of TTZ and the Urals to the west and east respectively and by
thick sedimentary basins (Caspian and Uralian foredeeps) to the southeast. The Mooney
model for this region is D6; we choose this model and to be consistent with the region 23
of Walter et al. [2000]. This model generally agrees with the average model presented by
the EUROBRIDGE group for the central portion of this platform (Doody et al. [1999]).
There are several deep sedimentary basins in this region, e.g., Moscow, Dnieper-Donets,
Pripyat, Pachelma, etc. and the deeper Uralian foredeep (Zonenshain et al. [1984];

Lobkovsky et al. [1996]; Ilchenko [1997]; Stovba et al. [1997]; Kostyuchenko et al.
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[1999]), which we will account for in the future using the sediment model of Laske and
Masters [1997]. These sedimentary basins are important for explaining regional wave
propagation. For instance, Baumgardt [1990] has shown that the Ural foredeep basin can
cause blockage and scattering for Lg waves. The Ukrainian shield located in the
southwest part of this region has a thicker crust, less sedimentary cover, and faster Pn
velocity compared to the model D6 (Grad and Tripolsky [1995]; Pavienkova [1996]) and
might also need to be identified as a separate region in the future. The southwest Baltic
Sea might have to be demarcated as a separate region as it has been shown to have a thin
crust (= 30 km) with low crustal velocities compared to the rest of the Russian platform
(Bleibinhaus et al. [1999]). Small changes might also be required for the southwestern
part of this region where anomalously low Vp/Vs ratio of 1.67 and a low Pn velocity of

8.1 km/s has been recently reported (Sroda and group [1999]).

Region 7. North Caspian Depression

This region has some of the deepest basement depths, up to 20 km deep according
to a sediment thickness map of this region (Brunet et al. [1999]). The CRUSTS5.1 model
uses the crust type Y7 for this region which, because of averaging inside a 5° block, has
only 12 km of sediments. To account for the thicker sediment layer, we add an additional
consolidated sediment layer (V, = 6.0 km/s) for this region giving us a crustal thickness
of 41 km. We adjust the boundaries to be consistent with those of Region 20 in
MENAL.1. Brunet et al. [1999] have shown clear variations of basement thickness across

this region which we account for in the future using the sediment thickness map of Laske

12



and Masters [1997]. Moreover, the crustal thickness reduces to about 30 km in the central

part of the depression which will be considered in the future.

Region 8. Ural Mountains

This region forms a tectonic boundary between the Precambrian Russian platform
to the west and the Paleozoic west Siberian platform to the east. The boundary of this
region has been primarily drawn based on topography (from ETOPOS) and the rock ages
as given in the Exxon map. We have extended the northern boundary offshore to include
the island of Novaya Zemlya as it has a similar genesis. The southern boundary of Region
10 joins up with Region 29 of MENAI.1. In CRUSTS.1, this region primarily consists of
crustal types P1 and P4. Levin and Park [1997] and Levin et al. [1999] have carried out a
receiver function study of the station ARU, which lies in the Uralian foredeep, and have
reported a thin crust of 40 km. We therefore choose the model with the thinner crust, i.e.,
P1. Also, to account for the sedimentary basins to the north, we double the sedimentary
thickness of this model to 4 km. Juhlin et al. [1998] and [Knapp et al. [1998]] have
shown that, on average, the crust in the Urals thickens from about 45 km in the flanks to
about 51 km towards the central axis. Thus, our estimate of a 48 km thick crust is an
appropriate average, though we might have to segment the different regions within the
Urals in the future.

There have been several active source profiles running across the Urals, e.g.,
ESRU, URALIDES, URSEIS, QUARTZ, RUBY, GRANIT, giving us high resolution
insights of the Uralian crust and upper mantle (Thouvenot et al. [1995]; Berzin et al.

[1996]; Juhlin et al. [1996]; Juhlin et al. [1998]; Knapp et al. [1998]; Steer et al. [1998]).
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The Uralide orogen marks the Paleozoic collision zone of the East European Craton with
the with the platforms in northwestern Asia. This collision has caused crustal thickening,
and uniquely, this is one of the very few places in the world where the thickened crust is
intact (Kerr [1996]). This gives rise to the most significant feature of the Ural mountains:
its deep crustal root. Estimates of the crustal root vary along strike within the orogen
(Knapp et al. [1998]); for instance, in the middle Urals it can be as high as 55 — 60 km
thick with a Pn velocity of 8.5 km/s (Thouvenot et al. [1995]; Berzin et al. [1996];

Knapp et al. [1996]; Druzhinin et al. [1997]).

Region 9. Kazakh Uplands

The Kazakh Uplands region is located in the northern parts of the Kazakh fold
system that is an active orogenic belt. This region has a thin sedimentary cover of about 1
km. CRUSTS5.1 has the model D9 in this region and we choose it as well. This model has
41 km crust and is consistent with Region 21 in MENA1.1. The crustal thickness estimate
of this model might need to be adjusted in the future. Ryaboy [1989] has shown that the
crustal thickness in this region ranges between 45 — 55 km. Quin and Thurber [1992]
have modeled regional P-waves in Kazakhstan and have estimated a crustal thickness of
50 km with a Pn velocity gradient between 8.05 - 8.25 km/s in the uppermost 5 km of

the mantle.

Region 10. West Siberian Platform

This Paleozoic platform is largely aseismic and very little is known about its

crustal structure. Most of what we know of this region have been derived from active
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source experiments (Pavienkova [1996]). Based on these results, Mooney et al. [1998]
primarily chose the model DB for this region; we adopt this model for our Region 10.
This model has a crustal thickness of 41 km which is consistent with the average value in
this region (Aplonov [1995]). In the future, the thick sedimentary basin in the
northeastern part of this region (Aplonov [1995]) might need to be identified as a separate
region. In future improvements of WEA, we will most probably extend the eastern
boundary of this region to the Paleozoic — Proterozoic boundary in Central Siberia.
Results from surface wave tomography and the analysis of the several PNE data that
traverse this region (KRATON, KIMBERLITE, METEORITE) can be used to improve

this crustal model.

Region 11. North Sea

The North Sea has a significantly thicker sedimentary layer (Exxon maps) and
crust compared to the adjacent Norwegian Sea and the Atlantic Ocean. This region
corresponds to the Eastern Avalonia plate. We follow CRUSTS5.1 in choosing model C4
for this region which has a crustal thickness of 32 km.. Recently, Abramovitz et al. [1999]
have observed crustal thinning (= 26 km) in the northern part of this region; we will

investigate this model with seismic data in the future.

Region 12. Ocean Ridges
This region primarily consists of the Mohn ridge which has been identified based
on the classification given by the model MENA1.1 and is needed to account for the slow

oceanic ridges (Pasyanos et al. [2000]; Ritsema and van Heijst [2000]). As described in
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Walter et al. [2000], we used bathymetry and seismicity to demarcate the ocean ridges.
We used a modified version of structure A0 of Mooney et al. [1998] for this region that is

consistent with the region 1A of MENAI.1.

Geocoding and registration of region boundaries

For the use of future analysis of and using the WEA model, we have geo-coded
the boundaries of the twelve regions. This has been done in conjunction with the creation
of the MENAT1.1 model of Walter et al. [2000]. We have used a GIS system to register
each 1°x1° block with its region number. The gridded model is shown in Figure 3. Most
important, it gives a 3-dimensional grid of seismic parameters that can be used for
computing body- and surface-wave predictions (waveforms and amplitudes) and gives us
the regional basis functions for the inversion of seismic data. Secondly, we can
incorporate information from other geo-registered maps to improve this model. For
instance, we have overlaid the WEA model on the EXXON map (Figure 4). This allows
us to improve the locations of the boundaries, especially ones that were based on
sediment contours and rock types, i.e., Regions 7 and 8. Finally, this block model lets us

analyze each region separately and re-digitize them at different grid spacing.

Conclusions and future improvements to the WEA model

WEA has been developed as a part of the LLNL initiative to generate a priori 3-

dimensional models. The first of these is MENAT1.0 of Sweeney and Walter [1998] that

16



has evolved to an updated MENAT1.1 model (Walter et al. [2000]) which complements

our study. WEA is defined in every 1° % 1° block though the layer parameters (thickness,

velocity, density) are the same for blocks within the same region. Moreover, this model is
based completely on published models and is truly a priori; we have not analyzed seismic
data ourselves to refine or alter this model. In our improvements to this model, we will
use the following information:

1) The eastern boundary of WEA, 75° E, has been adopted to be consistent with the
MENAI.1. In the future, we will expand this eastwards to include the Kuriles and the
Kamchatka peninsula, i.e., to about 170° E.

2) Recently, Laske and Masters [1997] have developed a global basement model with
distinct structures for every 1° block. This model consists of three layers for each
block though, obviously, in many blocks one or several of the layers have zero
thickness. We will use this model to update the sedimentary layer(s) of WEA.

3) An accurate model of the upper mantle seismic structure is critical in predicting
regional seismic data. We will use a recently developed upper mantle model, RUM
(Gudmundsson and Sambridge [1998)), to estimate the structure at fixed depths
below WEA.

4) Seismic models and datasets currently being archived by our group at LLNL will be
used to refine the model parameters, identify geophysically distinct regions and
modify the region boundaries.

5) Test and validate the WEA model in different geographic areas and recommend
improvements based on how well the model predicts observations of travel times,

surface wave phase and group velocities, etc.. We have recently developed a three-
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6)

dimensional travel time calculator which uses a finite difference approximation. A
residual time is computed by subtracting the predicted travel times from observed
data archived at LLNL. These times can be used to generate station specific
correction surfaces which will let us identify regions where the WEA model needs to
be improved.

Large regions covered by our model are largely aseismic and therefore the validation
of regional waves is difficult using earthquakes only. To mitigate this problem, we
have archived data from several Soviet PNE shots giving us a ground-truth dataset
with exceptional coverage of the aseismic regions. Once validated, this model can be
used to improve our ability to locate seismic events compared to those using 1-D
global models.

The results of these improvements will be published in future reports.
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Table 1. Velocity Models

Velocity models for geophysical regions. Depths are in kilometers, velocities are
in km/s and densities are in gm/cc. The models are based on CRUSTS.1 of Mooney et al.
[1998] and are described in the text. The reference Mooney model is noted, and a ‘*’

indicates that the Mooney model has been modified.

Region 1 CRUSTS.1 A2*

Depth Vp Vs Density
0.00 1.50 0.00 1.02
5.00 2.10 0.90 2.10
6.00 5.00 250 2.60
7.70 6.60 3.65 2.90
10.00 7.10 390 3.05
12.50 8.15 461 3.40
Region 2 CRUSTS.1 C5
Depth Vp Vs Density
0.00 1.50 0.00 1.02
1.00 230 1.10 2.20
3.00 320 1.60 2.30
6.50 6.00 340 2.70
15.00 6.60 3.70 2.90
24.00 7.20 4.00 3.10
32.00 820 4.63 3.40
Region 3 CRUSTS.1Y6
Depth Vp Vs Density
0.00 1.50 0.00 1.02
1.00 230 1.10 2.20
3.00 6.00 340 2.70
9.00 6.60 3.70 2.90
15.00 7.20 4.00 3.05

21.50 815 4.60 3.40
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Region 4 CRUSTS.1 H2
Depth Vp Vs Density
0.00 6.20 3.60 2.80
15.00 6.60 3.70 2.90
31.00 7.10 3.90 3.05
45.00 820 4.63 340
Region 5 CRUSTS.1 N2*
Depth Vp Vs Density
0.00 2.50 1.10 2.10
1.00 5.00 290 2.50
2.00 6.10 3.50 2.75
11.00 6.30 3.60 2.80
23.00 6.60 3.60 2.90
33.00 8.00 452 335
Region 6 CRUSTS.1 D6
Depth Vp Vs Density
0.00 2.50 1.10 2.10
0.50 4.00 2.10 2.40
2.00 6.20 3.60 2.80
17.00 6.60 3.70 2.90
32.00 7.30 4.00 3.10
41.00 820 4.63 340
Region 7 CRUSTS.1 Y7*
Depth Vp Vs Density
0.00 2.50 1.10 2.10
1.00 4.00 2.10 2.40
12.00 6.00 340 2.70
17.00 6.60 3.70 2.90
29.00 7.10 3.90 3.05
41.00 8.15 4.60 3.40

29



Region 8 CRUSTS.1 P1*

Depth Vp Vs Density
0.00 250 1.10 2.10
2.00 400 2.10 240
4.00 6.10 3.50 2.75
24.00 6.30 3.60 2.80
44.00 7.20 4.00 3.10
48.00 8.00 452 335
Region 9 CRUSTS.1 D9
Depth Vp Vs Density
0.00 250 1.10 2.10
0.50 400 2.10 240
1.00 6.20 3.60 2.80
17.00 6.60 3.70 2.90
32.00 7.30 4.00 3.10
41.00 820 4.63 3.40
Region 10 CRUSTS.1 DB
Depth Vp Vs Density
0.00 250 1.10 2.10
0.50 400 2.10 240
3.00 6.20 3.60 2.80
18.00 6.60 3.70 2.90
32.00 7.30 4.00 3.10
41.00 820 4.63 3.40
Region 11 CRUSTS.1 C4
Depth Vp Vs Density
0.00 1.50 0.00 1.02
1.00 230 1.10 2.20
3.00 320 1.60 2.30
4.50 6.00 340 2.70
14.00 6.60 3.70 2.90
24.00 7.20 4.00 3.10

32.00 820 4.63 340
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Region 12 CRUSTS.1 AO*
Depth Vp Vs Density
0.00 1.50 0.00 1.02
3.00 1.80 0.70 1.70
3.15 5.00 2.50 2.60
4.85 6.60 3.65 2.90
7.15 7.10 3.90 3.05
9.15 790 446 340
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Figure Captions

Figure 1. Map of western Eurasia used to develop the conceptual WEA model. We show
the topography and bathymetry that have been obtained from the ETOPOS5 model. The
epicentral location of earthquakes in this region with magnitudes greater than 4.0,
obtained from the NEIC bulletin, are shown. The aseismic nature of most of WEA is
apparent. The locations of permanent, three-component, broadband stations are also

shown. The scale, in meters, indicates the topography and bathymetry.

Figure 2. Map of the conceptual WEA model. Individual regions are color coded and

their boundaries have been noted.

Figure 3. Map showing the WEA regions on top of some of the Exxon maps (Kaplan et
al. [1985]) of the region. The region boundaries have been adjusted to track some of the
geologic features in the Exxon map. Also shown is the MENAT1.1 model of Walter et al.

[2000] to demonstrate that the boundaries match exactly between the models.

Figure 4. Map showing the geo-coded 1° x 1° digitized computer model WEA.
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