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Introducing WinQuake 2.5

Background

Windows users currently have two programs available for analyzing seimograms, SWAP
and WinQuakes. SWAP is freeware and WinQuakes is free to schools upon registration.
Both can be downloaded from the PEPP website. Although the two programs do basically
the same thing I highly recommend that both programs be available at each school. Each
program has some strong points and some limitations and, after some practice, the user
will be able to choose the best tool for what they want to accomplish. This introduction is
intended to help the user get started in using WinQuakes to analyze seismic data.
WinQuakes can work with data files in either of the following formats: PEPP, SAC,
SEED, or PSN (Public Seismic Network).

Loading a file

For the purpose of this introduction I'll assume that the user has installed WinQuakes and
has data on a removable disk ready to be analyzed (similar instructions apply to Windows
3.1). When the program is started it automatically goes to the Open File window, shown
below, and displays the files available in the WinQuakes data folder.

Open File E3 |

Filez ar File Mame: Drirechony:
lex ||::"s|:|r|:|gram filezhwingk 32hdata

File Mame UTC Tirne Comment or Station  [Drientation]

06/23/99 23 46:22  MD1.913km from San Leandro Ca, 2 mi E of Berkelen, CA [E]
98053048 chi 05/30/98 12:25:04  Md2.8 33k fram Miles Canywon, 5 km SSE of San Juan Baotizta, [£]

930503211 05/03/98 22:41:25 M7 3 10328km from Redwood City,Ca, SOUTHEAST OF TalwiAM (M)

brk.zac M08 022515 Berkeley, CA [M] SALC Binam File

1| | |
Srd|Event Hepart | Change Directany... | Send Emaill Meszage. .. |

Open File I Eeplap.. | Update | Delete | Help |

In order to open the files on the user's disk the appropriate directory must be selected.

Click . thangs Direstory... Iand select the directory containing the PEPP files.
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Open File Ed |
Filez aor File Mame: Drirechony:
I ah

File Mame UTC Time
13992 2t
11999may. set 05/27/99 08:10:00 PEPP Data Set

Comment or Station  [Orientation]

2

gdld Event Heport | | Change Directory. . I

Send Email Mezzage. .. |

Open File I HEemlam.. | Update | Delete | Help |

In this example the data for three different earthquakes are available in data sets that were
downloded from the PEPP website but only one data set can be opened at a time.
Highlight the desired data set and click Open File.

Open File |
Filez aor File Name: Drirectony:
19551, set ah

File M ame ITC Time Comment or Station  [Qrientation]
FPEPF Data Set  06/21/33 17:45:00 PPEGH [£] - Bloomfield, 1N
:PEPP Dats Set  O6/21/99 17468 PPMLUIN [7] - Muncie [}

PEPP Diata Set  06/21/9317:46:00 PPCWF [£] - Crawfordsville IM

i

Sld|Event Hemart | [Ehatmeirestan.. | send Emal Meszage.. |

OpenFil | e Al Files | Defeiel | Hep |
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Select a file from the data set and click Open File again. Your open file screen should
resemble the one below. ( This example image has been made smaller to save space).

@Winﬂuake - 1999ju~1 PEPP File Hi=] E3
File Calculate Tables Modify Wiew 2-Scale Y-Scale Option:  Window  Help

=|Q| B @[Ps| - [s]5¢] || T| Bof jufumia| f
I 1999ju™1 PEPP File M= E3

4657 = 5157 5657  01:57 065 1157 1657 7|
[ 746570 % 2012%ec v &7 | 4

After a file is opened there are several drop-down menus available that allow the user to

contol how the data is displayed and analyzed. Choose Options and select
. [alallelt findow  Help

frrange
| LColors... >
|  DCOfset
. Distance
Fant..
FPhazes
Huick Redraw Fixed ' Compression
SEED/SAC/PEPF Contral...
| Sl Bee D ¥ At Compression

Title .
WTIE T Auto'' Compression: |1

% Giid oK | cencel | Hep |

-Gnid

SEED/SAC/PEPP File Control

LU T 4

SEED/SAC/PEPP Control.

Check the Auto Y-Compression box. This allows the program to display PEPP data
properly

Adjusting the Window

When the program opens a file all data points are displayed in the available window. The
amplitude of the display is controlled by the vertical scroll bar or by adjusting the value
in the Y-Scale option. A positive value increases the y-scale and a negative value
compresses it. It is usually simplest to use the scroll bar on the right side of the screen.
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VScde | =]

zecondz

R -

™ | &l Event SWindows

] LCancel | Help | ] LCancel | Help |

The horizontal scale can be changed by entering a new value in the X-Scale box or by
selecting a region on the graph. The horizontal axis displays the UT of the data points.
The X-Scale box shows the total number of seconds on the current display. This can
range from 1 second up to the total time in the original sample. To select a region of the
graph, locate the cursor at one side of the desired area. Double click and drag the vertical
cursor to enclose the region of interest. To return to the original display choose Reset

from the View menu or use the reset button ot on the tool bar.

Filtering the Data

An important feature of WinQuakes that is not available on SWAP is the ability to filter
data. This process of filtering is done to eliminate as much "noise" as possible from the
seismogram in order to clearly identify events and pick out phases. If your data looks
very noisy and cluttered beyond use, it still may contain valuable information that can be
identified after filtering. Before the data can be filtered the file must first be analyzed to
determine the frequency content. Applying a Fast Fourier Transform (FFT) to the data

does this. From the Calculate menu select Full FFT, or use the Elbutton on the toolbar.

BB 1aties Modiy View XScale

Diztancetd agnitude Chrl+D
Lock P-5 Markers Ctrl+L
Bacat P-S Marka: OB
Save P-5 Picks Alb+
Claar P-5 Pz

Rators P-5 Pick:

P-5 Location Alt+Crel+L
Switch T ables Alt+S

T agritd e ianker () ] Bk
= e i
e = e
b agnitude Settings. .. Ctrl+bd
Great Circle Digtance. . Ctrl+(z
Eull FFT Ctrl+F |
Wiew FFT Chrl+

St EED Dieplay
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The FFT will be calculated and a graph will show the frequencies of the vibrations
recorded by the seismometer. Your screen will look somewhat like the one below. Note
that the menu bar and tool bar buttons have changed. There is a new Calculate menu

used to access the filters described next. If you choose View FFT or , the FFT will be
shown but the filter menu will not be accessible.

IEIWinﬂuake - FFT - 1999ju™1 PEFF File Hi=] E3
File Calculate “iew Optione  Window  Help

&| @ mile vl ] sl

0] 1999ju™~1 PEPP File [0 =
t J# FFT - 1999ju™~1 PEPF File _ (O] x| -]
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Once the FFT has been calculated, filters can be applied to eliminate unwanted
frequencies. WinQuakes has four different filters: high pass, low pass, notch and band
pass. Each filter eliminates different frequency ranges and sometimes it's desireable to
apply more than one get the "cleanest" seismogram.

high pass-|ﬂ| used to eliminate low frequencies. The lowest acceptable
frequency is entered and the filter passes all frequencies higher than the
cutoff.

low pass—m used to eliminate high frequencies. The highest acceptable
frequency is entered and the filter passes all frequencies lower than the
cutoff.

notch- | used to eliminate a band of frequencies. A high frequency and a
low frequency are entered and the filter removes all frequencies between
the two limits.

band pass- M used to eliminate frequencies above and below set limits. A
high frequency and a low frequency are entered and the filter passes all
frequencies between the two limits. Other frequencies are eliminated.

Experienced analysts can probably get the best results possible from the data relatively
quickly but most of us are novices and will have to go through a process of trial and error
to begin to get useful results. Use the following procedure to filter your data and you will
begin to get a feel for how the process works:
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1. Open a seismogram in WinQuakes and examine the seismograph. With experience you
may be able to gain some clues about which filter to use.

2. From the Calculate menu select Full FFT, or use the button on the toolbar . The FFT
will be calculated and a graph will show the frequencies of the vibrations recorded by the
seismometer.

3. Examine the FFT spectrum and try to determine the range of frequencies in your data
that are most likely to have come from an earthquake.

4. Select a filter from the new Calculate menu or select the appropriate button from the
tool bar.
[=VEICE iew  Optionz  in
Low-Pasgz Filter..,  Alk+L
High-Fazz Filker...  Alt+H
Match Filker. .. Alt+M
Band Pazz Filter... Alt+B

Time Darnain Al+T

It's probably not a bad idea at first to try a band pass filter and experiment with the limits
to see what happens. For this example I've set the filter at the indicated limits.

Band-Paszz Filter Ed |

High-Pasz Cutoff Freq; I-':'3
Low-Pazz Cutoff Freg: I.EI
Puoles: IE [~ Save az Default

ok, Cancel | Help |

5. After applying the filter you will get a new FFT showing the filtered spectrum. You
will now need to do a reverse FFT. Select Time Domain from the Calculate menu or use

the ﬂlbutton. This will produce the seismogram again with but with some frequencies
removed. The result of using the filter is shown below. Although the change is not
dramatic, some of the higher frequencies have been removed.
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T winQuake - 1999ju™~1 PEPP File M=] E3
File Calculate Tables Modify View #-Scale ¥-Scale Option: Window  Help

=8| B @Ps| |5 w1 G| ]|
] 1999ju~1 PEPP File Mi=] E3

p11711 [ R R LAt DU Y 1 L) i AL

L
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| (74657.0 [% 20125ec [Y:-87 M

Once the reverse FFT has been applied you can't undo it. If you want to try something
different with the original data you will need to close the file and reload it. However you

can continue to work with the filtered seismogram. Note that the "Tlbutton is blanked out
in the screen above. In order to do additional filtering you will first need to close the FFT

Window. (This may be hidden under the seismogram). The Elbutton will now be active
and the process can be repeated.

Remember that the data that was loaded originally has been modified. The new
seismogram should be saved under a new file name in order to preserve the original data

as well as the filtered data.

WinQuakes does not provide PEPP format for saving files so files saved in WinQuakes
can't be uploaded to Princeton.

Locating Phases

The process of locating phases on the seismogram usually starts with identifying the
arrival of the P wave and the S wave. WinQuakes lets the user pick both arrivals and then
uses these choices to determine additional information about the event.

After opening the desired seismogram, select the Elbutton from the tool bar. Arrows
labeled P and S will appear on the seismogram and a new line will appear in the text
heading at the top. This line shows the P and S arrival time from the current locations of
the pointers and information such as origin time and distance based on these locations.
The values shown will change as the pointers are moved.

First locate the approximate Pwave arrival. Look for a distinct change in the seismogram
above any background noise. Locate the P arrow at your arrow best estimate and then
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repeat the process for the S wave. Remember that the S wave arrival is usually a stronger
pulse arriving up to several minutes after the P wave. The exact detemination of the
arrival time is not critical at this point. Your seismogram should resemble the one shown
below (small, for illustration only- a larger window would be used for your work).

lﬂl 1999ju™1 PEPP File M= E1

Start: 6/21/99 17:46:57 UTC Station: Muncie, IN 40 201H 85387 Samples: 8048 S5P5: 4.00
Max/Min: 2163/7-3250 X: 33:32 ¥ -87 Auto

Org: 1]"|:42:5l].!5lI P: 1?:413:23.3 5.: 1?:53:[!!].2 Dil‘l‘:I 4:31.3n|1in Dist: I2l3.i"l]n|:|||s=:|_:| EHEBkIm 1843rr||i Mag II'-'I
T e S S e L R &
oo LN O S O S A A S

2 ittt L b o istonins o e
e L T
P A O S S S

46:57 62:57 58:57 04:57 10:57 16:57 =l

The P and S picks are only estimates at this point. Now choose Lock P-S Markers from
the Calculate menu. This retains the relative positions of the pointers as the screen is
expanded. The markers can still be moved, however, to pick new arival times. In order to
determine the arrival times more precisely select a region around the chosen P arrival and
expand the view. Relocate the P wave marker to the selected P wave arrival. An example
is shown below.

M winQuake - bp03-3~1.mun _[O] =]
File Calculate Tables Modify  Wiew 2=-S5cale ¥-Scale Options  Window Help

|8 B| BJFs = s3] oo 1] Ba (| Fel
M bp03-3~1.mun =100

Start: 6721/99 17:46:57 UTC Station: Muncie, IN 40 201N 85 387 Samples: 8048 5P5: 4.00

Max/Min: 2163/-3250 X: 3:56 Y: -87

Org: 17:42:26.5 P: 17:48:28.5 5: 17:53:18.5 Diff: 4:50.0min Dizt: 29.36deg 3264km 2027mi Mag: M
I e e e e

2[":"] i. _____ E _____ dococos Lococoo Looos oo docooo E_ _____

z 1 1 1
2[":"] E- _____ E T 1 1 R 1 E- _____ E . 1 E _____ _I
T L e e .
47-53 48:33 419:13 49:53 h0:33 51:13 i
4 3 =

| (1747530 [% 2%FSec [v: 87 [P

Repeat the process for the location of the S wave arrival. The text line will now display
the new P and S arrival times and the calculated origin time, P - S interval, and distance
to the event in degrees, kilometers and miles. After picking the arrival times the
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seismogram may be returned to its original scale by choosing X-Scale and moving the
slider all the way to the right.

WinQuakes can also be used to help identify other phases that may be present in the
seismogram. Once the P and S arrivals have been chosen, other possible phases can be

shown by selecting the @Ibutton from the tool bar. This will produce a display like the
one shown next.

I 1999ju™~1 PEPP File M=l E3

Start: 6721799 17-46:57 UTC Station: Muncie, IN 40 2001H 85 387 Samples: 8048 SPS5: 4.00
Max/Min: 21637-3250 X: 33:32 Y: -87 Auto
Org: 1?|:42:5I].EI| P: 1?:413:28.5 5: 1?:53:[!!].2 Difr; 4:31.3n|1in Dizt: ZE.?I]delg 2968km 1843m Mag: M

2000 |- - FEF: - -- - AR ! o i e L e S S S E S S et
- p: i i i LA AR b ' : : e

T L e e

aooot-- o Il
46:57 5257  5g57 0457 1057 1657 =]

Selecting the button from the tool bar shows a table of arrival times for the indicated
phases.

Phase Times |

Origin 17:42:47.8

P 17:48:28.% 340.7
pP 17:48:37.5 349.7
PP 17:49:14.7 386.9
PPP  17:49:16.2 388.4
5 17:53:01.8 614.0
55 17:54:16.6 68B5.8
555 17:54:334.7 7069
LQ 17:57:05.3 8475
LR 17:59:08.6 980.8

Help |

This table corresponds to the phases shown above.

In order to determine the possible phases and arrival times WinQuakes use two tables and
sets of files that must be selected correctly in order for the results to be reasonably
reliable. Choosing Tables from the menu produces the following choices for selecting the
best time-travel tables to be used in identifying possible phases:




WinQuake 2.5 | 10 of 11

1. First the appropriate table, Regional or Teleseismic, must be selected.
2. Next the approximate depth of the event must be choosen.

3. Finally there is a choice of possible phases to be displayed from different possible P
and S wave files.

Switching between Regional and Teleseismic tables can be done quickly using the EI
button

if the other selections have been set. The phase control button |%Ibrings up the phase

control menu which allows phases to be added or removed from phase files.

Phaze Control EH |

— Selected Phases: — Select From:
File: LGB File: P_M.JB
Bemove 5
Sn
zP

Cancel

Help

it

Directary: ||::"-.|:|n:|gram filezwingl 324 tablesh,
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Trave-Time Tables Ed |
— Regional;
P ave File: 5 "W ave File:
P_b.JB Ligggin | 5.bJB

Change... | . Change... |

tax Distance: |15.00deg 1658km 1035mi

— T eleseizmic;
P 'wfave File 5 Wave File

P.IB Liggs i T SJE
I a3 - I
Change... | Change... |

tax Distance: [107.00deg 11896km 7387mi

— Current:
" Regional Tables % Teleseizmic T ables
[~ Save as Default
ok Cancel Help

Obviously the reliability of the phase identifications depends upon several factors and
should not be depended upon until the user has some experience in analyzing

Mew P Wave File | Mew S Wave File |

File M ame:

seismograms.

File Marne:

F_b.JE

5.JB

LCancel

Help | ] LCancel Help

169
223
286
343
413
476
540
03
BEE
730

Depth

11



