Appendix B. Input/Output File Formats 

ASCII format output files are arranged in lines terminated by carriage return-line feed combination. The data in each line is organized into fields (columns) of characters with specified character positions for each field.

The following formats give the character positions of each field followed by a letter-number format (a = alphanumeric; i = integer; f = floating point; d = exponential) and then by the description of the field. For floating point and integer formats the number can fall anywhere within the field. For ‘free’ formats a space or a comma must separate the values, but there can be any number of values per line. 

B.1 Event Header

Hypocentral information (first line in .DIG and .INV files):


1-2
i2
Year

3-4
i2
Month

5-6
i2
Day

7-8
i2
Hour

9-10
i2
Minute

11-13
i3
Seconds*10

14-18
i5
Latitude*100  (positive North)

19-24
i6
Longitude*100 (positive East)

25-27
i3
Depth, km

28-29
i2
Magnitude*10

30-32
i3
Number of Stations in location 

B.2 DIGIT.TMP File

This file is generated by MT5DIG as you digitize but can be generated in other ways depending on your system. A file of this format (instead of the digitizer) can be used as input for MT5DIG to produce the .DIG file. 

Line 1. Station/instrument/seismogram information:


1-4
a4
Station code

5-7
a3
Component (lpz, lpn, lpe, or spz)

8
i1
Instrument type (WWSSN 15-100 = 1, 



WWSSN 30-100 = 2, WWSSN SP = 3, other = 4)

9
i1
Seismogram type (WWSSN 15 mm/min = 1,

 

30 mm/min = 2, 60 mm/min = 3, other = 4,5,6
 


(4 = displacement-type, 5 = velocity-type,
 


6 = acceleration-type instrument response)

10-11
i2
Hour of Initial time (first digitized point)

12-13
i2
Minute of Initial time (first digitized point)

14-19
f6
Second of Initial time (first digitized point)

20-29
f10
Magnification of instrument

30-39
f10
Clock correction in milliseconds(added to initial time)

40-49
f10
Radius of pen in mm (0 if no pen)

50-59
f10
Number of minutes per trace on original seismogram

60-69
f10
Original seismogram time scale in mm/minute

Line 2. For digitized data points:


1-8
i8
X-value from digitizer in tablet units

9-16
i8
Y-value from digitizer in tablet units

17-21
i5
Point number 

(The first 6 points are for seismogram orientation as discussed above, the seventh is at the reference time, and the rest are the waveform points. Except for the initial 7 points, the point number is the index for that data point in the storage array so that they should be numbered sequentially starting with 1. If two points have the same point number, the second one encountered will replace the first. The point number should not be zero.) 

**** A blank line separates digitized seismograms ****

B.3 Digitized Data Files (.DIG and .DSN) 

These files are the input for MT5INT, the program that prepares the waveform data for the inversion. MT5INT assumes the .DIG and .DSN extensions for the WWSSN and GDSN data, respectively, but either file may contain data of either type. The separate extensions are used only for the convenience of keeping the data separate, if desired, but both data types may be placed in a single file with any extension. The data formats for the WWSSN and GDSN data differ, specifically because the GDSN data comes already sampled evenly and requires that the instrument constants be supplied. The program MT5DIG supplies the .DIG file in the correct format. 

The amplitudes of the WWSSN seismograms in the .DIG and .INV files are those that are observed on the original seismogram (in microns). Corrections for instrument magnification are done in the MT5 program. In the .DIG files, the data points of the WWSSN seismograms are designated by the time (in seconds multiplied by 100 and relative to an initial time) and amplitude in microns relative to an arbitrary baseline (MT5INT will detrend the data to remove this baseline). Using the initial time, MT5INT picks the predicted arrival of the phase with the hypocentral information supplied. 

For the GDSN data, the amplitudes are in microns (not counts) and the values can be scaled arbitrarily by a magnification factor that is then entered in the input field for magnification (otherwise use magnification=1; Do not use 0.0). 

Line 1. Event Header Line (see Section B.1)

Line 2. Seismogram Header Line:


1-4
a4
Station code

5
i1
Instrument type (1 = WWSSN 15-100, 2 = WWSSN 30-100,



3 = WWSSN SP, 4 = GDSN LP, 5 = GDSN SP, 7 = BB P)

6-8
a3
Component name (spz, lpz, lpn, lpe, bbz;



replace center letter with "v" for velocity-type and



with "a" for acceleration-type instrument response)

9-18
f10
Magnification of instrument (negative for reversed polarity)

19-30
a12
Event label

31-32
i2
Hour of initial time*

33-34
i2
Minute of initial time*

35-39
f5
Second of initial time*

40-44
f5
Sampling interval dt (for GDSN only)

45-51
f7
Station latitude (+ = N) (optional)**

52-58
f7
Station longitude (+ = E) (optional)**

*: Initial time: Time to which the times in the data list are referenced. For GDSN this is the time of the first point in the list.

**: If not given, the station coordinates should be in file M5STATIO.DAT 
Line 3. Number of Data Points (and instrument constants for GDSN):


1-5
i5
Number of data points

6-10
i5
Number of zeros in instrument response (for GDSN only)

11-15
i5
Number of poles in instrument response (for GDSN only)

16-25
d10
Calibration constant (for GDSN only 

Line 4. Instrument Zeros and Poles (for GDSN only):


*** 
free
Real and imaginary zeros (alternate Real and Imaginary parts)

*** 
free
Real and imaginary poles (alternate Real and Imaginary parts)

Line 5. Data Points:

For WWSSN:


***
free
Time and amplitude pairs, time in seconds*100, amplitudes in
 

microns. 

For GDSN:


***
free
Amplitudes in microns.

B.4 Interpolated Data File Format (.INV)

This is the input file for the MT5 inversion routine. Its default extension is .INV and contains the evenly sampled seismograms for both the WWSSN and GDSN data. Each seismogram consists of a station header line, instrument constants (for GDSN only), and the waveform amplitudes in microns. The event header line must be the first line in the file. 

Line 1. Event Header Line (see Section B.1)

Line 2. Station Header Line:


1-4
a4
Station code (left-justified)

5
i1
Phase (1 = P, 2 = SH)

6
i1
Instrument response flag (add 1 if response should be read
 


from file; add 2 if velocity-type response;
 


add 4 if acceleration-type response)

7
i1
Instrument type (see above)

8-15
f8
Delta in degrees

16-23
f8
Azimuth in degrees

24-31
f8
Magnification or GDSN scale factor

32-39
f8
Time from origin time to first point in seismogram

40-44
f5
Weight

45-49
i5
Data point number which marks beginning of phase

50-54
i5
Number of data points (0 if no data, synthetics generated)

55-62
i8
Maximum amplitude of waveform in microns

63-68
f6
Data sampling increment DT

69-74
f6
Time from beginning of seismogram to phase arrival

74-80
f6
Period of high-pass (frequency) filter 

Line 3. Filename holding instrument response data (only if column 6 of Line 2 above has odd-valued digit (see Appendix C)

OR

Line 3. Poles and Zeros (for GDSN only):


***
free
Number of zeros, Number of poles, Calibration constant

***
free
Real and imaginary zeros (alternate Real and Imaginary)

***
free
Real and imaginary poles (alternate Real and Imaginary) 

Line 4. Amplitude Data: 


***
free
Amplitudes of original seismogram in microns every DT seconds 

B.5 Parameter File (.PRM) 

The .PRM file stores the model and input parameters for MT5. It is generated by MT5 and can be read in when the program is run again for the same .INV file. Most changes made while running MT5 are saved in the .PRM file and these can be adjusted also by editing it. If you adjust flags, note that in BASIC, True = -1 and False = 0 (functions listed below for T or F). 

Line 1: 


1-8
i8
Number of seismograms plotted per screen, an even number

9-16
i8
Number of pixels per second, screen plotting scale

17-24

not used

25-32
i8
Number of subevents

33-40

not used

41-48
i8
Number of layers in structure

49-56
i8
Plot format number

57-64
i8
Number of phases (default = 7)

65-72
i8
Moment tensor plot format number (default=1) 

Line 2: 


1-8
f8
tau in sec

9-16
f8
Source depth in km

17-24
f8
Water depth in km 

Line 3: 


1-8
f8
Least-squares adjustment multiplier 

Line 4. Flags: 


1-8
i8
T = time function positivity ON, F = OFF

9-16
i8
T = invert amplitudes, F = invert shapes

17-24
i8
T = t-statistics ON, F = OFF

25-32
i8
T = amplitudes normalized in plotting

33-40

not used

41-48
i8
Number of reverberations for top layer 

Line 5: 


1-8
f8
Rupture velocity, km/sec

9-16
f8
Rupture azimuth

17-24
f8
Rupture plunge 

Line 6. (1 line for each of up to 7 phase-data types; must be in correct order): 


1-5
a5
Phase-data type label (WWLP, WWLS, etc.; info only,
 


not currently used)

6-13
f8
Plotting amplitude multiplier

14-21
f8
Length of calculated seismogram in seconds

22-29
f8
Length of seismogram to be plotted

30-37
f8
Default DT for this Phase-data type

38-45
f8
Default t* for this Phase-data type

46-53
i8
Default magnification for this Phase-data type 

Line 7. (1 line for each layer): 


1-8
f8
Top of layer, km

9-16
f8
P-wave velocity, km/sec

17-24
f8
S-wave velocity, km/sec

25-32
f8
Density, g/cm3 

Line 8: 


1-5
i5
Number of seismograms 

Line 9. Seismogram Parameters (1 line for each seismogram; must be in same order as in .INV file): 


1-4
a4
Station code (info only, not currently used)

5-8
i4
Flag (F = station ignored)

9-13
i5
Original phase point index

14-18
i5
Realigned phase point index

19-23
i5
Number of data points in inversion window

24-28
i5
Position index for plot Format 1

29-33
i5
Polarity of seismogram

34-40
f7
Current weight

41-47
f7
t*

48-54
f7
Stored weight

55-59
i5
Position index for plot Format 2

65-69
i5
X position for plot Format 1, in mm

70-74
i5
Y position for plot Format 1, in mm

75-82
f8
Reference magnification 

Lines 10-13: Source Parameters (4 lines for each subevent) 

Line 10: 


1-10
f10
Strike in degrees

11-20
f10
Dip in degrees

21-30
f10
Rake in degrees

31-40
f10
Depth in km

41-50
f10
Origin time offset relative to event 1

51-60
f10
Distance offset relative to event 1

61-70
f10
Azimuth of event relative to event 1

71-80
f10
Isotropic component of seismic moment (normalized)

81-120

not used

121-131
d11
Seismic moment in N-m

132-141
f10
Normalized moment tensor element, Mnn

142-151
f10
Normalized moment tensor element, Mee

152-161
f10
Normalized moment tensor element, Mdd

162-171
f10
Normalized moment tensor element, Mne

172-181
f10
Normalized moment tensor element, Mnd

182-191
f10
Normalized moment tensor element, Med

Line 11: 


***
free
Number of source time function elements 

Line 12: 


1-7
i7
Relative amplitudes of source time function elements
 


(one for each element) 

Line 13: 


1-6
f6
Strike adjustment multiplier

7-12
f6
Dip adjustment multiplier

13-18
f6
Rake adjustment multiplier

19-24
f6
Depth adjustment multiplier

25-30
f6
Origin time offset adjustment multiplier

31-36
f6
Distance offset adjustment multiplier

37-42
f6
Azimuth adjustment multiplier

43-48
f6
Multiplier for source time function

49-54
f6
Mnn adjustment multiplier

55-60
f6
Mee adjustment multiplier

61-66
f6
Mdd adjustment multiplier

67-72
f6
Mne adjustment multiplier

73-78
f6
Mnd adjustment multiplier

79-84
f6
Med adjustment multiplier

Lines 14-16: Plotting Controls 

Line 14: 



a
Title for plot 

Line 15. Flags and Plot Controllers: 


1-3
i3
T=put letters in focal sphere, F=use dots

4-6
i3
T=plot label on side of plot, F=don't

7-9
i3
Position of title on plot

10-12
i3
Controller for mechanism label

13-15
i3
Plot position for source time function

16-18
i3
Plot position for amplitude scale

19-21
i3
Plot position for P-wave focal sphere

22-24
i3
T=plot P-wave focal sphere, F=don't

25-27
i3
Plot position for S-wave focal sphere

28-30
i3
T=plot S-wave focal sphere, F=don't

31-33
i3
T=plot station codes beside seismograms,
 


F=plot them above (for Format 2)

34-36
i3
Plot language: 0=PLOTCALL Version 2 and above,
 


1=PLOTCALL below Version 2, 2=PostScript,
 


3=HPGL for HP Laserjet3, 4=HPGL for HP Plotter 8.5”x11”,
 


5=HPGL for HP Plotter 11”x17” 

Line 16: 


1-4
i4
X-position of P-wave focal sphere (in mm)

5-8
i4
Y-position of P-wave focal sphere (in mm)

9-12
i4
Radius of P-wave focal sphere (in mm)

13-16
i4
X-position of S-wave focal sphere (in mm)

17-20
i4
Y-position of S-wave focal sphere (in mm)

21-24
i4
Radius of S-wave focal sphere (in mm)

25-32
f8
Short-period plot scale (mm/min)

33-40
f8
Long-period plot scale (mm/min)

41-48
f8
Length of plotting box for format 2 (in mm)

49-56
f8
Height of plotting box for format 2 (in mm) 

B.6 Summary Output (.SUM) 

Summary information is presented in the .SUM file in an easily readable text format with headings and descriptions of the values presented. The sequence of data presented is as follows: 

Earthquake File: filename, date, and time. 

Hypocenter Header: Hypocentral information (see Section B.1). 

Source Structure: ZTOP is the depth in km of the top of the layer; Vp, Vs are in km/sec; rho is density in g/cm3. A water layer is noted by a w and the number of complete reverberations calculated for the upper layer is given. 

Station Data (1 line per station and phase): 

F --  flag, 1 if station used, 0 if not 

P --  phase, 1=P, 2=SH 

I --  instrument code: if the first digit is a 1 then the instrument was read in from a file; the second digit is the instrument type selected; 

1=WWSSN 15-100 

2=WWSSN 30-100 

3=WWSSN SP 

4=GDSN LP 

5=GDSN SP 

7=GDBB P 

PDT --  phase-data type 

Po1 -- point of theoretical arrival time of phase in units of DT 

Po2 -- new arrival time of phase determined by realignment 

+/- -- polarity correction 

Win -- seconds in inversion window 

Del -- epicentral distance in degrees 

Az  -- azimuth from epicenter to station 

TOA -- take-off angle at source 

Res -- travel time residual of phase based on new alignment 

Wt  --  weight of seismogram 

Var -- unweighted variance of residuals for this seismogram, in microns^2 

DT  -- sampling interval in s 

t*  -- t* used to calculate attenuation 

Filter -- cutoff period for 3-pole high frequency pass Butterworth filter applied to data; the same filter is applied to synthetic seismograms. 

Calib -- response type for instrument calibration: disp= displacement, velo=velocity, acce=acceleration.

Phase-Data Information: 

Num -- the number of weighted seismograms of this P-D type 

Mag -- the reference magnification used 

Time -- the length of calculated seismograms, in sec 

ResVar -- variance of residuals for this P-D type, in microns^2 

DataVar -- variance of data for this P-D type, in microns^2 

R/D % -- percent ratio of residual to data variance for this P-D type 

Total -- gives values for all phase-data types 

Source Description: (2 standard errors given in parentheses) 

Time, Latitude, Longitude: new origin time and epicenter based on determined values of dTo, Dist and Az. 

Source Function Elements: tau is the half-length of the triangular element and N_T is the number of these used; the next line gives the normalized values of these. Half- and 95% duration are the times for this fraction of the seismic moment to be released. 

Solution: Strike, dip, and rake are as defined in Aki and Richards (1980). Depth is relative to the free surface. Seismic moment is in N-m. "Or. Time" is the origin time difference between this sub-event and the first event. Distance is the distance from this sub-event to the first event. Azimuth is the azimuth to this sub-event from the first event. Aux Pl Str,Dip are the strike and dip of the second nodal plane. Ppl, Paz, Tpl, Taz, Bpl, Baz are the plunges and azimuths of the P, T and B axes.
     

If a moment tensor analysis was used for the solution, the fault plane parameters are those of the best double couple, i.e., the double couple representing the deviatoric-only part of the moment tensor. Indeterminate fault plane parameters will be blank. In addition, the deviatoric and isotropic components of seismic moment and the moment tensor elements (normalized by total seismic moment) will be output. Moment tensor naming convention is described in Section 6. 

Option A also prints 3 summary lines in file MT5FPS.HDR: 

Line 1. Event File Name, and the Current Date and Time 

Line 2. Brief Summary Line: 


1-6
Year Month Day

7-10
Hour Minute

11-13
Seconds*10

14-18
Latitude*100

19-24
Longitude*100

25-27
Depth, km

28-29
Magnitude*10

30-32
Number of stations in location

33-35
Moment mantissa in Nm*100

36-37
Exponent of moment (i.e., 12318 = 1.23 x 10^18 Nm)

38-41
Strike

42-44
Dip

45-48
Rake

49-53
Mnn

54-58
Mee

59-63
Mdd

64-68
Mne

69-73
Mnd

74-78
Med 

Line 3. Expanded Summary Line: 


1-6
Year Month Day

7-9
Hour

10-12
Minute

13-17
Seconds

18-25
Latitude

26-33
Longitude

34-39
Depth, km

40-45
2 standard errors in depth

46-49
Magnitude

50-53
Number of stations in locations

54-56
Moment mantissa in Nm*100

57-58
Exponent of moment

59-61
2 standard errors in Moment mantissa (in Nm*100)

62-63
2 standard errors in moment (Exponent)

64-68
Duration in sec

69-72
Strike

73-76
2 standard errors in strike

77-79
Dip

80-82
2 standard errors in dip

83-86
Rake

87-90
2 standard errors in rake

91-94
Strike nodal plane 2

95-98
Dip nodal plane 2

99-102
P-axis azimuth

103-106
P-axis plunge

107-110
T-axis azimuth

111-114
T-axis plunge

115-118
B-axis azimuth

119-122
B-axis plunge

123-125
# weighted WWLP

126-128
# weighted WWLS

129-131
# weighted WWSP

132-134
# weighted GDLP

135-137
# weighted GDLS

138-140
# weighted GDSP

141-143
# weighted GDBP

144-147
water depth

148-156
Variance of residual in microns2

157-163
Ratio of residual to data variance in %

164-168
Mnn

169-173
2 standard errors in Mnn

174-178
Mee

179-183
2 standard errors in Mee

184-188
Mdd

189-193
2 standard errors in Mdd

194-198
Mne

199-203
2 standard errors in Mne

204-208
Mnd

209-213
2 standard errors in Mnd

214-218
Med

219-223
2 standard errors in Med
B.7 Travel Time Data File (.ATD) 

This file consists of adjusted travel times resulting from the realignment of the observed seismograms with the synthetics. Travel times are referenced to the origin time in the first line. 

Line 1. Event Header Line (see Section B.1) 

Line 2. Station Phase and Travel Time Data: 


1-4
a4
Station code (left-justified)

5
i1
Phase (1=P, 2=SH)

6-13
f8
Travel time of phase in seconds   

B.8 Station Location File (M5STATIO.DAT) 

This file can have up to 250 stations listed with network codes from 0 to 9. MT5LIST and MT5INT use this file to calculate PDTs. Each line entry is for a single station using the following format: 


1-4
a4
Station code (left-justified)

5-11
f7
Latitude in decimal degrees (North is +)

12-19
f8
Longitude in decimal degrees (East is +)

20-23
i4
Station number in network, optional

24-26
i3
Network code - defined codes are: 0 = WWSSN,
 


1 = WWSSN and DWWSSN, 2 = SRO/ASRO, 3 = miscellaneous,
 


4-9 are available for user-assigned codes

27-on
a
Start date, optional (not currently used) 

IMPORTANT NOTE: The search routine requires that the stations be in alphabetical order.

1
12

