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Happy the man whose lot is to know

The secrets of the Earth.

--Euripides (480-405)

ABSTRACT

The goals of this project are to test the consistency of crustal seismic velocity structure

and gravity data in the Transverse Ranges.  Following earlier work by Roy and Clayton, we use

2D gravity models based on density structures inferred from crustal tomography. We use version

2 of the Southern California Earthquake Center (SCEC) velocity model and an empirically

derived scaling relation between seismic velocities and density.  The density structures thus

inferred are used to forward model gravity along 2D profiles.

We plan to compare predicted gravity along four 2D topographic profiles across the

central and eastern Transverse Ranges to the observed gravity.  This report shows our

preliminary results for one of the profiles and work in progress on the other three profiles.  We

find that, in general, gravity data and crustal tomographic structures are consistent with each

other.  However, we find that there are significant misfits in the eastern LA Basin and in the

Mojave Desert. In order to obtain a good fit in the LA Basin, we were required to increase

average densities in the basin, reducing the size of the negative Bouguer signal from basin

sediments.  The gravity anomaly in the Mojave Desert section of the profile is more negative

than predicted, suggesting the presence of a subsurface crustal mass deficit.  This region can be

well-matched by increasing the depth to the Moho under the Mojave Desert, or, as shown by Roy

and Clayton, by reducing average crustal densities in the Mojave.
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INTRODUCTION

The Transverse Ranges in southern California are an east-west trending range and are

located within the transform plate boundary zone of the North American and Pacific plates.

They are the result of recent, transpressional plate boundary tectonics in which the strike-slip San

Andreas fault system formed a constraining, or compressive bend, resulting in the upthrusting of

segments of crust producing high mountains. Uplift of the Transverse Ranges by north-south

compression began ~5 Myr ago (Atwater, 1970). The goal of this project is to understand the

compensation mechanisms that support high topography in the Transverse Ranges and to provide

an independent geophysical constraint on seismic tomography.

Following Roy and Clayton (2000) we analyze 2D gravity models based on version 2 of

the Southern California Earthquake Center (SCEC) 3D velocity model. In this study, we chose

four 2D profiles across the central and eastern Transverse Ranges (Figure 1) and compare

predicted gravity to observed gravity (Figure 2) along the profiles.

The SCEC 3D Velocity Model

The 3D seismic velocity model for Southern California in the Los Angeles region is a

crustal tomographic model of P-wave and S-wave velocities reflecting density structures

developed in 1997 (Clayton, 1997).  Improvements in Version 2 include shallow (<200m depth)

Vp and Vs constraints from geotechnical borehole data and an improved background velocity

model (Magistrale, et al., in preparation, 2000).

METHODOLOGY

The methodology was developed from previous work by Roy and Clayton. Using raw

gravity data sets of free-air and terrain-corrected Bouguer anomalies, the gravity model was
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parameterized as a two-dimensional grid with northeast to southwest profiles roughly parallel to

the LARSE I line (Langenheim and Jachens, 1999) across the central and eastern ranges (Figure

1). The two-dimensional profiles were compared with Airy compensation models, observed

gravity and predicted gravity.

Constructing four two-dimensional southwest to northeast topographic profiles roughly

parallel to the LARSE I line across the central and eastern ranges, the profiles were compared

with observed gravity. An Airy compensation model was then developed to calculate the Moho

deflections of each profile and the models were compared to topography and the observed

Bouguer anomaly data. Then using a method to model gravity data in a two-dimensional

approach developed by Talwani et al., 1959, a 2D gravity model was constructed and compared

with the observed gravity.

Contour plots and slices were made through the SCEC 3D velocity model to obtain the

velocity structure of each profile. The density structure for each profile was inferred from the

velocities using empirical scaling relations between Vp and density (Magistrale et al., 1996).

The density structure was then used to forward model the predicted gravity along the 2D profiles

and compared to the observed gravity thereby providing an independent geophysical constraint

on the seismic tomography.

Data

Gravity in the LA region was obtained from a large data set of raw gravity, free-air, and

terrain-corrected Bouguer anomalies in Southern California provided by Shawn Biehler at UC

Riverside.  Seismic velocities are from the current version of the SCEC 3D velocity model

(version 2) provided by Harold Magistrale, SDSU.
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Figure 1. Shaded relief for the study area, with lines showing locations of our four gravity model

profiles.  Solid black dots represent locations at which the Bouguer gravity anomaly is measured.
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Figure 2.  The Bouguer gravity for the study area is obtained from a regional data set of southern

California gravity from Professor S. Biehler at UC Riverside.
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 DISCUSSION

Airy Compensation Models

Mountain ranges are isostatically compensated by a low density crustal root. This crustal

root is typically 5 to 8 times the height of the topographic relief and mimics the topography. A

mountain of height h would have a root r given by:

r = hρ
c

ρ
m

− ρ
c( )

where ρ
c
 = average density of the crust and ρ

m
= average density of the mantle (Fowler, 1990).

We generated four 2D topographic profiles across the central and eastern ranges and used the

height of the topography, an average crustal density of 2800 kg/m3 and an average mantle

density of 3300 kg/m3 to construct an Airy compensation model for each profile (Figures 3, 4, 5

and 6). We also used an average crustal thickness of 25 km. Note that the root mimics the

topography.

Gravity Modeling

We used a simple 2D gravity model based on an approach by Talwani et al. (1959) to

give us a preliminary look at the predicted gravity before we used the 3D velocity model to

forward model the gravity.  However there are several assumptions/limitations to this method

which include: 1) assuming 2D profiles with no variations of structure perpendicular to the

profile, and 2) assuming a very simple uniform density structure for the crust.  In calculating the

predicted gravity from the Airy compensation models and comparing to observed gravity, we

found that the high topography in profiles 1 through 3 in general matched well with the observed

gravity with the exception of some mismatched areas of basins in the LA and Mojave desert

regions (Figures 3, 4 and 5).
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In Profile 4 the observed gravity was much higher than the model predicted (Figure 6).

This profile has much more mass than profiles 1 through 3 and we expected a much lower

observed gravity due to the predicted low density crustal root. In order to obtain a good fit to the

Bouguer gravity in this area we had to reduce the average crustal density (Figure 7). At this time

we do not know the cause of this effect, but may have a better understanding when we obtain

density profiles from the velocity model. The calculated crustal density variations from the

velocity model will be much more accurate than the uniform density structure used for our

simple 2D gravity model.

Velocity Models

We made contour plots and slices through the SCEC 3D velocity model version 2

(Magistrale et al., in preparation) to look at velocity structure for each profile. Figures 8, 9, 10,

and 11 show the contour plots of p-wave velocities along the 2D profiles. Velocities are

contoured at 0.5 km/s intervals.

Density Models

The density structure along the profiles were inferred from the velocities in Figures 8, 9,

10, and 11 using empirical scaling relations between Vp and density (Magistrale et al., 1996) and

are shown in Figures 12, 13, 14, and 15. The density structures > 2700 kg/ m3 are contoured at 50

kg/m3 intervals.
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Figure 3(a): Plot of topography along Profile 1 in Figure 1. (b) Airy compensation model. (c)

Predicted gravity along Profile 1 with ρcrust = 2800 kg/m3 and ρmantle = 3300 kg/m3 using the

Talwani method (Talwani, 1959).
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Figure 4(a): Plot of topography along Profile 2 in Figure 1. (b) Airy compensation model. (c)

Predicted gravity along Profile 2 with ρcrust = 2800 kg/m3 and ρmantle = 3300 kg/m3 using the

Talwani method (Talwani, 1959).
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Figure 5(a): Plot of topography along Profile 3 in Figure 1. (b) Airy compensation model. (c)

Predicted gravity along Profile 3 with ρcrust = 2800 kg/m3 and ρmantle = 3300 kg/m3 using the

Talwani method (Talwani, 1959).
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Figure 6(a): Plot of topography along Profile 4 in Figure 1. (b) Airy compensation model. (c)

Predicted gravity along Profile 4 with ρcrust = 2800 kg/m3 and ρmantle = 3300 kg/m3 using the

Talwani method (Talwani, 1959).
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Figure 7(a): Plot of topography along Profile 4 in Figure 1. (b) Airy compensation model. (c)

Predicted gravity along Profile 4 with ρcrust = 2200 kg/m3 and ρmantle = 3300 kg/m3 using the

Talwani method (Talwani, 1959).
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Figure 8 (a). Plot of topography along Profile 1 in Figure 1.  (b) Contour plot of p-wave

velocities along Profile 1 (Figure 1) from the SCEC 3D velocity model, version 2 (Magistrale et

al., in preparation).
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Figure 9 (a). Plot of topography along Profile 2 in Figure 1.  (b) Contour plot of p-wave

velocities along Profile 2 (Figure 1) from the SCEC 3D velocity model, version 2 (Magistrale et

al., in preparation).
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Figure 10 (a). Plot of topography along Profile 3 in Figure 1.  (b) Contour plot of p-wave

velocities along Profile 3 (Figure 1) from the SCEC 3D velocity model, version 2 (Magistrale et

al., in preparation).
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Figure 11 (a). Plot of topography along Profile 4 in Figure 1.  (b) Contour plot of p-wave

velocities along Profile 4 (Figure 1) from the SCEC 3D velocity model, version 2 (Magistrale et

al., in preparation).
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Figure 12 (a). Plot of topography along Profile 1 in Figure 1.  (b) Contour plot of densities along

Profile 1 inferred from the velocities in Figure 8 using empirical scaling relations between Vp

and density (Magistrale et al., 1996).
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Figure 13 (a). Plot of topography along Profile 2 in Figure 1.  (b) Contour plot of densities along

Profile 2 inferred from the velocities in Figure 9 using empirical scaling relations between Vp

and density (Magistrale et al., 1996).
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Figure 14 (a). Plot of topography along Profile 3 in Figure 1.  (b) Contour plot of densities along

Profile 3 inferred from the velocities in Figure 10 using empirical scaling relations between Vp

and density (Magistrale et al., 1996).
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Figure 15 (a). Plot of topography along Profile 4 in Figure 1.  (b) Contour plot of densities along

Profile 4 inferred from the velocities in Figure 11 using empirical scaling relations between Vp

and density (Magistrale et al., 1996).
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Gravity Models

To date, we have completed analysis of one profile only (Profile 2, Figure 1), and present

those results here. In order to compare our gravity model with the observed gravity for Profile 2,

we extracted the observed gravity from the observed regional Bouguer gravity (Figure 2).  In the

following gravity models, we tried to maximize the fit to (1) the entire profile, (2) inside the LA

Basin, (3) outside the LA Basin and (4) to the Mojave Desert. We solve for the crustal density

but keep the mantle density at 3300 kg/m3.

We find that, in general, gravity data and crustal tomographic structures are consistent

with each other.  However, we find that there are significant misfits in the eastern LA Basin and

in the Mojave Desert. We are unable to fit the gravity in Profile 2 very well using a uniform

crustal density across the entire profile (Figure 16).  We then tried to maximize the fit to the LA

Basin (Figure 17).  In order to obtain a good fit to the LA Basin we used an average density of

2756 kg/m3. The fit, however, is poor outside the basin particularly in the Mojave Desert.  We

then looked at maximizing the fit outside the LA Basin (Figure 18).  In order to obtain a good fit

around the outside of the LA Basin we used an average density of 2794 kg/m3 however again the

fit is poor in the Mojave Desert.  To improve the fit in the Mojave Desert we tried increasing the

Moho depth in this region (Figure 19).

The gravity anomaly in the Mojave Desert section of the profile is more negative than

predicted, suggesting the presence of a subsurface crustal mass deficit.  This region can be well-

matched by increasing the depth of the Moho under the Mojave Desert to 34 km and increasing

the average densities in the Desert. The Moho structure that best fits the gravity in the Mojave

dessert is shown in Figure 20. The contour plot of densities along Profile 2 is inferred from the

velocities in Figure 9, but with a deeper Moho depth (34 km) in the Mojave Desert.
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Figure 16 (a): Plot of topography along Profile 2 in Figure 1. (b) Best fit for gravity across the

entire profile is obtained with ρ crust = 2800 kg/m3 and ρ mantle = 3300 kg/m3. We are unable to fit

the gravity in Profile 2 very well using a uniform crustal density across the entire profile.
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Figure 17 (a): Plot of topography along Profile 2 in Figure 1. (b) Best fit for gravity in the LA

Basin is obtained with ρ crust = 2756 kg/m3 and ρ mantle = 3300 kg/m3. The fit is poor outside the

basin particularly in the Mojave Desert.
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Figure 19 (a). Plot of topography along Profile 2 in Figure 1. (b) Best fit for gravity in the

Mojave Desert is obtained with ρcrust = 2776 kg/m3 and ρmantle = 3300 kg/m3. To improve the fit

in the Mojave Desert, we increased the Moho depth in this region.
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Figure 20 (a). Plot of topography along Profile 2 in Figure 1. (b) The Moho structure that best

fits the gravity in the Mojave Desert. Contour plot of densities along Profile 2 inferred from the

velocities in Figure 9, but with a deeper Moho depth (2900 kg/m3 contour above) in the Mojave

Desert.
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Figure 21 (a). Plot of topography along Profile 2 in Figure 1. (b) Best fit for in the Mojave Desert

by increasing the average density of the crust is obtained with ρcrust = 2830 kg/m3 and ρmantle =

3300 kg/m3.
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During the SCEC Annual Meeting in Oxnard, California, we received excellent feedback

on our poster from Lupei Zhu and Harold Magistrale on the matter of deepening the Moho in the

Mojave Desert in our gravity model. It was suggested that we reduce the crustal density in the

Mojave instead of deepening the Moho since the velocity model points to a low velocity zone

under the Mojave Desert.  We then tried to maximize the fit in the Mojave Desert by reducing

the crustal density and our results are shown in Figure 21.

CONCLUSION

We plan to compare predicted gravity along the three other profiles across the central and

eastern Transverse Ranges to the observed gravity. Our results so far suggest that, in general,

seismic velocities are consistent with gravity in our study area. However, to obtain good fits

simultaneously in the LA Basin and outside, we require an increase in average density in the LA

Basin, so that the amplitude of the anomaly due to the basin sediments is reduced (Figure 18).

Fits to gravity in the Mojave Desert are inadequate in general (Figure 19).  The data suggest the

presence of crustal mass deficit in the region (either a deeper Moho or reduced average crustal

density (Figure 21), Roy and Clayton, 2000). The preliminary results above apply to Profile 2,

and should not be generalized to the other profiles until we have completed our analysis.
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