1. Introduction

MT5 is a microcomputer program that provides earthquake moment tensor solutions and double-couple fault plane solutions based on inversion of teleseismic waveforms. MT5 includes all of the features found in its predecessor, SYN4 (McCaffrey et. al, 1991) which can only solve for the double-couple solutions.

MT5 can be interactively toggled between moment tensor and double couple solutions and comes with a full set of utility programs with features updated from those in SYN4. Although MT5 has many new features not found in SYN4, it can still use data and parameter files from SYN4. MT5 data and parameter files are backward compatible as well with SYN4, with two exceptions. First, SYN4 cannot handle input data files much larger than 150 Kb (kilobytes), whereas the limit in MT5 is about 350 Kb. Secondly, SYN4 does not understand the data control flags for velocity calibration used in the input files of MT5 (output from velocity-type instruments was not compatible with SYN4). Only MT5 can take advantage of parameters relating to moment tensor solutions, of course. 

The method used in MT5 to obtain moment tensor solutions is described in detail in Section 8, which also includes a brief description of the double-couple solution. A full description of the double-couple solution is found in the SYN4 documentation (McCaffrey et. al, 1991). 

The double-couple analysis, as described in SYN4, restricts the earthquake rupture mechanism to the deviatoric (shear) components only. In contrast, the MT5 moment tensor solution includes information about the isotropic component (expansion or contraction within the source region) as well. 

The isotropic components of the rupture mechanism can be used to more easily discriminate between earthquakes and explosions. In addition, inversion for the moment tensor elements is linear, providing a direct solution for the fault plane mechanism. Thus the only parameter that contributes non-linearity to the problem is depth, which must be determined by iteration. The moment tensor solution is, in most cases, quite stable to errors in the starting guess of rupture mechanism. This is a significant improvement over SYN4, which often cannot converge on a solution if the initial guess of focal mechanism is too far off. 

The rupture mechanism of an earthquake (ie., non-explosive event) takes place under pressure conditions that are generally accepted to limit the failure mode to shear, although a slight isotropic component in the rupture mechanism could result from phase change mineralogy or tensile failure at the earth's surface. In general the existence of an isotropic component is not likely to be detectable above the noise level in the data introduced by inhomogeneities in earth structure unless three-dimensional velocity structure, anistropicity, and multipath reflections from topographic features are included (Jost and Herrmann, 1989; Silver and Jordan, 1982). MT5 uses a one dimensional velocity structure for the earth. Thus a significant isotropic component (over a few percent) in a solution of a non-explosive event should be considered as an indicator of effects from earth structure inhomogeneities and/or from errors in defining source zone velocity structure, aligning seismograms or digitizing. 

Along with the MT5 program for inversion of the waveforms, this software package includes a series of programs to aid in the acquisition and preparation of the waveform data. The programs contain many features to allow the user to control its actions.

Some of the features of the programs are:

· The inversion can be toggled between moment tensor mode and  double-couple mode as desired.

· The inversion can obtain solutions for multiple events with different starting times, source parameters and hypocenters.

· Any parameter can be removed from the inversion or have its adjustments size limited.

· Source time function elements can be forced to remain positive.

· The program can match either the true amplitudes of the seismograms or their shapes.

· The program can invert several data types and sampling intervals simultaneously so that, for example, long-period, short-period and broadband data can be used at the same time.

· Instrument responses are built-in for WWSSN long and short-period instruments. GDSN data extracted with the MT5GDSN utility automatically includes the response as poles and zeros. Other instrument responses are calculated from user-supplied poles and zeros, frequency response constants, or impulse response as a time-series.

· Instrument responses can be provided to the programs in terms of input ground motion as displacement, velocity, or acceleration.

· An automated grid search can be conducted on any combination of centroid depth, time offset and epicentral position of sub-events as an alternative to inverting for these parameters.

· Attenuation in the mantle, represented by a t* operator (Futterman, 1962) can be set for each phase type or individually for each seismogram.

· Individual seismograms can be realigned with their synthetics, either by a cross-correlation or interactively on a graphics screen.

· Windowing the seimograms can be done individually so that only selected portions of the waveforms are included in the inversion.

· Inversion weights are set for each seismogram and can be set to automatically account for variations in azimuthal distribution and data type.

· Phase arrival times can be based on either Jeffreys-Bullen (1940) or IASPEI (1991) travel times tables. Jeffreys-Bullen travel times are recommended for events located by ISC. 

