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NAME
grdraster — extract subregion from a binary raster and write a grid file

SYNOPSIS
grdraster [ filenumber "text pattern"] —Rwesteastsouthinorth[r] [ —Ggrdfile] [ —Ixindm|c][/yind m|c]]
1[ —Jparameterd [ -V ][ —bo[gS|d|D[ncol|c[varl/..]] ]

DESCRIPTION
grdraster reads a file calledrdraster.infofrom the current working directaorthe directories pointed to by
the environment ariables$GMT_USERDIR and $GMT_GRIDDIR , or in $GMT_SHAREDIR /dbase
(in that order). The filgrdraster.infodefines binary arrays of data stored in scan-line format in data files.
Each file is gien afilenumberin the info file. grdraster figures out hw to load the raster data into a grid
file spanning a igon defined by-R. By default the grid spacing equals the raster spacirtge —I option
may be used to sub-sample the raster data. No filtering or interpolating is dereeerhthe x_inc and
y_inc of the grid must be multiples of the increments of the raster filegedrdster simply takes eery
n'th point. The output ofjrdraster is either grid or pigl registered depending on the registration of the
raster used. It is up to tHeMT system person to maintain tigedraster.infofile in accordance with the
awailable rasters at each site. Raster data sets are not suppliedMiittbut can be obtained by angn
mous ftp and on CD-ROM (see README page in dbase directgrgdraster will list the available files if
no arguments are\gn. Finally grdraster will write xyz-triplets to stdout if no output gridfile name is
given
filenumber
If an integer matching one of the files listed in gnéraster.infofile is given we will use that data
set, else we will match thevgh text pattern with the data set description in order to determine the
data set.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). If r is
appended, you may also specify a map projection to define the shape ofgyonr feheoutput
region will be rounded 6to the nearest whole grid-step in both dimensions.

OPTIONS
-G Name of output grid file. If not set, the grid will be written as ASCII (or binary;—$mexyz-
triplets to stdout instead.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitse, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaay, and will be cowerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendimg, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range eR option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.
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-bo

EXAMPLES

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flat0/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0/flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—-Jglon0/latq/horizor}/scale(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/latd/horizor[/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8& or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. This option applies only if reG option has been set.

To extract data from raster 1, taking one poivrg 30 minutes, in an area extended beyond 3¢0egs to
allow later filtering, run
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grdraster 1 -R-4/364/-62/62-130m —Gdata.grd

To abtain data for an oblique Mercator projection we need to extract more data that is actualljhisés.
necessary because the outpugafraster has edges defined by parallels and meridians, while the oblique
map in general does not. Hence, to get all the data from tO¥E2 data needed to nealt ®ntour map

for the region defined by its lower left and upper right corners and the desired projection, use

grdraster ETOPO2-R160/20/220/30-J0c190/25.5/292/69/+Gdata.grd

To extract data from the 2 min Geare relief blend and write it as binary double precision xyz-triplets to
standard output:

grdraster "2 min Geavare" —R20/25/-10/5-bo >! triplets.b

SEE ALSO
gmtdefaultél), GMT(1), grdsamplél), grdfilter(1)

REFERENCES
Wessel, P., and VWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Nw, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME

gshhs — Extract ASCII listings from binary GSHHS or WDBII data files
SYNOPSIS

gshhsbinaryfile.b[ —L ] > asciifile.txt
DESCRIPTION

gshhsreads the binary coastline (GSHHS) or political boundarywer (WDBII) files and extracts an
ASCII listing. It automatically handles byte-swabbing between different architect@nasonally, only
segment header info can be displayed

binaryfile.b
GSHHS or WDBII binary data file as distuited with the GSHHS data supplemeAny of the 5
standard resolutions (full, high, intermediatey,lorude) can be used.

-L Only outlut a listing of polygon or line segment headersdalébutputs headers and data records].

EXAMPLES
To oorvert the entire intermediate GSHHS binary data to ASCII, run

gshhsgshhs_i.b > gshhs_i.txt
To only get a listing of the headers for theeridata set at full resolution, try

gshhswdb_rivers_f.b—L > riverlisting.txt

BUGS
While the GSHHS data is ganized as a set of closed polygons, thers and boundary data are just a set
of line sgments in no particular ordefhus, it is not possible to extract information pertaining to just one
river or one country.

SEE ALSO
GMT(1), gshhs_dfil) gshhstogragd)
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NAME

gshhs_dp - Line reduction using the Douglas-Peucker algorithm
SYNOPSIS

gshhs_dpinput.b tolerance output.p-v]
DESCRIPTION

gshhs_dpreads the binary coastline (GSHHS) or political boundarywer (iWDBII) files and and reduces
the complgity of the line by applying the Douglas-Peucker algorithm. It automatically handles bgte-sw
bing between different architectures.

input.b GSHHS or WDBII binary data file as distuited with the GSHHS data supplemeAny of the 5
standard resolutions (full, high, intermediatey,lorude) can be used.

tolerance
tolerance is maximum mismatch in km. The larger the value the more reduction evjllaed.

output.b
The reducted data set.

OPTIONS
-V Reports progress and statistics while running.

EXAMPLES
To dmplify the full GSHHS data set with a custom tolerance of 2 km, try

gshhs_dpgshhs_f.b 2 gshhs 2km.b

REFERENCES
Douglas, D. H., and.TK. Peucker Algorithms for the reduction of the number of points required to repre-
sent a digitized line of its caricatu@an. Cartogr., 10112-122, 1973.

AUTHOR
This implementation of the D-P algorithm has been kindly provided b@&#&ry J. Robinson, Etronmen-
tal Systems Science Centre, Wmsity of Reading, Reading, UK (gazza@mail.nerc-essc.ac.uk); his ssub-
routine forms the basis for this program.

SEE ALSO
GMT(1), gshhgl) gshhstogradd)
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NAME
gshhs2grass — Extracting GSHHS and WDBII data in GRASS-compatible ASCII format

SYNOPSIS
gshhs2grass —gshhs_[f|hli|l|c].b £x minx] [-X maxx] [ -y miny] [ =Y maxy]
DESCRIPTION

gshhs2grasseads the binary coastline (GSHHS) and and translates it into an ASCII format suitable for
import into GRASS. It automatically handles byte-swabbing between different architectures.

gshhs_[flhlijl|c].b
One of the GSHHS binary data file as distributed with the GSHHS data supplekngrif the 5
standard resolutions (full, high, intermediatey,larude) can be usedThe resulting files are
called dig_[ascii|att|cats].gshhs_[f|hli|l|c].

OPTIONS
—X Specify a minimum (west) longitude.
-X Specify a maximum (east) longitude.
-y Specify a minimum (south) latitude.
-Y Specify a maximum (north) latitude.
EXAMPLES

To oorvert the full GSHHS data set , try

gshhs2grasgishhs_f.b

BUGS
Not updated to handle the WDBII line data (borderswars).

AUTHOR
Original version by Simon Cox (simon@ned.dem.csiro.au) with some maintenance by Paul Wessel (pwes-
sel@havaii.edu).

SEE ALSO
GMT(1), gshhgl) gshhs_dfil)
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NAME
img2mercgrd — Extract region of img, preserving Mercatreas grd

SYNOPSIS
img2mercgrd imgfile —-Ggrdfile —~-Rwesteastsouttinorthr] —Ttype[ —C ] [ -Dminlat/maxlat] [ -Nnavg]
[ =Sscale] [ -V ][ “-Wmaxlon] [ -mminutes]

DESCRIPTION
img2mercgrd reads an img format file and creates a grid file. The Spherical Mercator projection of the
img file is preserved, so that thegien —-R set by the user is modified slightly; the modified region corre-
sponds to the edges of plg [or groups ohavgpixels]. Thegrid file header is set so that the x and y axis
lengths represent distance from the west and south edges of the image, measured Bultsenitefwith
-Jm1 and the adjustedR. By setting the dedult ELLIPSOID = Sphere, the user can nekverlays with
the adjusted-R so that thg match. SeeeXAMPLES belon. The adjustedR is also written in the grd-
header remark, so it can be found laf€ne —Ttypeselects all data or only data at constrained pixels, and
can be used to create a grid of 1s and Os indicating constraint locaffemsutput grid file is pixel mgs-
tered; it inherits this from the img file.

imgfile An img format file such as the marine gtg or seafloor topograptfields estimated from satellite
altimeter data by Sandwell and Smith. If the user has set an environraeables
$GMT_IMGDIR , thenimg2mercgrd will try to find imgfilein $GMT_IMGDIR ; else it will try
to openimgfiledirectly.

-G grdfile is the name of the output grid file.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respektj with -90/+90 in latitude).

-T typehandles the encoding of constraint informatitype= 0 indicates that no such information is
encoded in the img file (used for pre-1995 versions of thetgmata; all more recent files do not
support this choice) and gets all datgpe > 0 indicates that constraint information is encoded
(1995 and later (currenteysions of the img files) so that one may produce a grid file asvfollo
—-T1 gets data alues at all points; T2 gets data values at constrained points and NaN at interpo-
lated points:-T3 gets 1 at constrained points and O at interpolated points.

OPTIONS
-C Set the x and y Mercator coordinates regiatb projection center (lon = lat = 0) [Default is relati
to lower left corner of grid].

-D Use the extended latitude range -80.738/+80. A&rnatively, appendminlat/maxlatas the lati-
tude extent of the input img file. [Default is -72.006/72.006].

-N Average the values in the input img pixels im@vgby navgsquares, and create one outpuepix
for each such square. If used witl 3 it will report an &erage constraint between 0 and I1.
used with-T2 the output will be @erage data value or NaN according to whetherage con-
straint is > 0.5.navgmust @enly divide into the dimensions of the imdfile in gig. [Defult 1
does no @eraging].

-S Multiply the img file values bycalebefore storing in grid file[Default is 1.0]. (img topo files
are stored in (corrected) meters; gravity files in mGal*10; vertical deflection files in microradi-
ans*10, vertical gravity gradient files in Eotvos*10. US#8.1 for those files.)

-V Selects erbose mode, which will send progress reports to stderr [Default runs "silefiytitu-
larly recommended here, as it is helpful to ses thee coordinates are adjusted.

-m Indicateminutesas the width of an input img pixel in minutes of longitude. [Default is 2.0].

-W Indicatemaxlonas the maximum longitude extent of the input img fersions since 1995 ka

hadmaxlon= 360.0, while some earlier files hathxlon= 390.0. [Defult is 360.0].
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EXAMPLES
To extract data in the regionR-40/40/-70/-30 fronworld_grav.img.7.2run

img2mercgrd world_grav.img.7.2-Gmerc_gra.grd —-R-40/40/-70/-30-T1 -V

Note that the-V option tells us that the range was adjustedRe40/40/-70.0004681551/-29.9945810754.
We @an also usgrdinfo to find that the grid file header shows itgios to be-R0/80/0/67.9666667 This

is the range of xy we will get from a Spherical Mercator projection using
—R-40/40/-70.0004681551/-29.9945810754 adehl. Thus,to take dhip.lonlatgra and use it to sample
the merc_gragrd, we can do this:

gmtset ELLIPSOID Sphere
mapproject  —R-40/40/-70.0004681551/-29.9945810754-Jm1  <hip.lonlatgr& |  grdtrack
—-Gmerc_gra.grd |mapproject —R-40/40/-70.0004681551/-29.994581075¥m1 —| > ship.lonlatgravsat

It is recommended to use the a&barethod of projecting and unprojecting the data in such an application,
because then there is only one interpolation stegr(itrack). If one first tries to corert the grid file to
lon,lat and then sample it, there ar@twterpolation steps (in caarsion and in sampling).

To make a bn,lat grid from the abe gid we can use
grdproject merc_gra.grd —R-40/40/-70.0004681551/-29.994581075¥m1 —| -F -D2m -Ggrav.grd

In some cases this will not be easy as-tRean the two coordinate systems may not align well. When this
happens, we can also use (in fact, it may eyal better to use)

grd2xyz merc_gra.grd | mapproject —R-40/40/-70.0004681551/-29.994581079m1 -I | surface
—R-40/40/-70/70-12m -Ggrav.grd

To make a Mercator map of the alie regon, suppose our .gmtdeflts4AMEASURE_UNIT is inch. Then
since the abee merc_gra.grd file is projected with-Jm1 it is 80 inches wide.We c@an male a nap 8
inches wide by usingJx0.1 on ag map programs applied to this grid (e grdcontour, grdimage, grd-
view), and then for eerlays which work in lon,lat (e.gpsxy, pscoas} we can use the alve ajusted-R
and-JmO0.1 to get the ter systems to match up.

However, we can be smarter than thiskealizing that the input img file had pixels 2.0 minutes wide (or
checking the nx andyrwith grdinfo merc_gragrd) we realize that merc_grgrd used the full resolution
of the img file and it has 2400 by 2039 gl; and at 8 inches wide this is 300 pixels per intfe. decide

we dont need that manand we will be satisfied with 100 pixels per inch, so we want/épage the data
into 3 by 3 squares. (If we want a contour plot we will probably chooseetage the data much more
(e.g. 6 by 6) to get smooth contours.) Since 2039 dinisible by 3 we will get a different adjustedR

this time:

img2mercgrd world_grav.img.7.2-Gmerc_grav_2.gretR-40/40/-70/-30-T1 -N3 -V

This time we find the adjusted region-iR-40/40/-70.023256525/-29.9368261101 and the output is 800 by
601 pixels, a better size for us. Wave can create an artificial illumination file for this usiggigradient:

grdgradient merc_grav_2.gretGillum.grd —A0/270—-Ne0.6
and if we also hae a @t file called "gra.cpt” we can create a color shaded relief mag thks:

grdimage merc_grav_2.gretlillum.grd —Cgrav.cpt—Jx0.1-K > map.ps
psbasemap —R40/40/-70.023256525/-29.9368261161m0.1-Bal0-0 >> map.ps
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Suppose you want to obtain only the constrained ddtees from an img file, in lat/lon coordinateBhen
runimg2mercgrd with the—T2 option, usegrd2xyz to dump the values, pipe through grep -v NaN to elim-
inate NaNs, and pipe througtapproject with the irverse projection as abe.

SEE ALSO
GMT (1), grdproject(1), mapprojectl)
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NAME
img2grd — Extract region of img in Mercator or geographic form

SYNOPSIS
img2grd imgfile —-Ggrdfile —-Rwesteastsouthinorth[r] —Ttype [ -C ][ -Dminlat/maxlat] [ -E][ -L ][
-M ][ —Nnavg] [ —Sscale] [ -V ][ “-Wmaxlon] [ -mminutes]

DESCRIPTION
img2grd is a front-end tamg2mercgrd which reads an img format file and creates a grid filee —-M
option dictates whether or not the Spherical Mercator projection of the img file is preserved.

imgfile An img format file such as the marine gravity or seafloor topogriplils estimated from satellite
altimeter data by Sandwell and Smith. If the user has set aromment \ariable
$GMT_IMGDIR , thenimg2mercgrd will try to find imgfilein $GMT_IMGDIR ; else it will try
to openimgfiledirectly.

-G grdfile is the name of the output grid file.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

-T typehandles the encoding of constraint informatitype= 0 indicates that no such information is
encoded in the img file (used for pre-1995 versions of the gravity data) and gets atypeta0
indicates that constraint information is encoded (1995 and later (current) versions of the img files)
so that one may produce a grid file as feo—T1 gets data values at all points[2 gets data
values at constrained points and NaN at interpolated peoiiit3gets 1 at constrained points and 0
at interpolated points.

OPTIONS
-C Set the x and y Mercator coordinates regkatb projection center [Default is relat o lower left
corner of grid]. RequiresM.

-D Use the extended latitude range -80.738/+80. A8&rnatively, appendminlat/maxlatas the lati-
tude extent of the input img filgDefault is -72.006/72.006]-E Can be used whefM is not set
to force the final grid to h& the exact same region as requested with By default, the final
region is a direct projection of the original Mercator region and will typically extend slightly
beyond the requested latitude range, and futhermore the grid increment in latitude does not match
the longitude incrementHowever, the extra resampling introduces small interpolation errors and
should only be used if the output grid must match the requested regionvandina = y_inc. In
this case the region set bR must be gien in multiples of the increment (.e.gR0/45/45/72).

-L With no other arguments, list all *.img files found in the directory pointed to by
$GMT_IMGDIR , or the current directory if not defined. Ignored if other options are present on
the command line.

-M Output a Spherical Mercator grid [Default is a geographic lon/lat grid].

-N Average the values in the input img pixels im@vgby navgsquares, and create one outpuepix
for each such squardf used with—T3 it will report an &erage constraint between 0 and I1.
used with-T2 the output will be @erage data value or NaN according to whetherage con-
straint is > 0.5.navgmust @enly divide into the dimensions of the imdfile in gig. [Defult 1
does no @eraging].

-S Multiply the img file values bycalebefore storing in grid file[Default is 1.0]. (img topo files
are stored in (corrected) meters; gravity files in mGal*10; vertical deflection files in microradi-
ans*10, vertical gravity gradient files in Eotvos*10.)

-V Selects verbose mode, which will send progress reports to stderr [Default runs "sildratiitli-
larly recommended here, as it is helpful to ses thee coordinates are adjusted.
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-m Indicateminutesas the width of an input img pixel in minutes of longitude. [Default is 2.0].
-W Indicatemaxlonas the maximum longitude extent of the input img fersions since 1995 ka
hadmaxlon= 360.0, while some earlier files hathxlon= 390.0. [Defult is 360.0].
EXAMPLES
To extract data in the ggon —R-40/40/-70/-30 fromworld_grav.img.7.2and presem the Mercator grid-
ding:

img2grd world_grav.img.7.2-Gmerc_gra.grd —-R-40/40/-70/-30-M -T1 -V

Without the-M option the same command will yield a geographic grid.

SEE ALSO
GMT(1), img2mercgrdl)
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NAME
psmeca - Plot focal mechanisms on maps

SYNOPSIS
psmecdiles —Jparameters-Rwesteastsouthinorthr] [ —B[p|s]parameterg [ —Cpen] [ ~Ddepmirdep-
max] [ —Efill] [ =Gfill] [ -H[i][nred ][ -K ][ -L[peA ][ M J[ -N][ -O]1[ -P ][ —-S<sym-
bol><scale>[/d]] [ —Tnum_of plangen ] [ —U[justdxdy/][cllabell ][ -V ][ -Wpen] [ —X[alc|r][x-
shiffu]] 1 [ —Y[alc|r][y-shiffu]] ] [ —Zcptfilgl [ -z ][ —a[sizdP_symbdIT_symbdl] ] [ —dfill ][ —€fill ][
-0 ][ —ppen] [ —tpen] [ —:[i|o] [ —ccopies]

DESCRIPTION
psmecareads data values frofites [or standard input] and generatesstScriptcode that will plot focal
mechanisms on a map. Most options are the same asXar The PostScriptcode is written to standard
output.

ARGUMENTS
filesList one or more file-names. If no files areeayi, psmecawill read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendig, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range eR option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flatO/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lonl/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—JelonO/latJ/horizori/scale(Azimuthal Equidistant)
=Jflon0/latq/horizori/scale(Gnomonic)
—-JglonO/latd/horizori/scale(Orthographic)
—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/latd/horizor[/slaf]/scale(General Stereographic)
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MISCELLANEOUS PROJECTIONS:

-=Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
-Jkf[lonO/]scale(Eckert 1V)
-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lon0/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

-S Selects the meaning of the columns in the data file
In order to use the same file to plot cross-sections, depth is in third coNesartheless, it is
possible to use "old stylgisvelomecainput files without depth in third column using the
option.

—Sascale[c/i][/fontsize[/offs€u]]]
Focal mechanisms in Aki and Richard gention. scaleadjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitud®&eale is the size for magnitude = 5 in
inch (unles, i, m, or p is appended). Use thel option to render the beach ball transparent by
drawing only the nodal planes and the circumferentle color or shade of the compressi
guadrants can be specified with tH8 option. Thecolor or shade of thextensive quadrants can
be specified with theE option. Rarameters are expected to be in the following columns:

1,2 longitude, latitude ofvent (—: option interchanges order)

3 depth of @ent in kilometers

45,6 drike, dip and rak in degees

7. magnitude

8,9 longitude, latitude at which to place beach ball. Entries in these columns are necessary with the

—C option. Using0,0 in columns 8 and 9 will plot the beach ball at the longtiude, latitwee
columns 1 and 2. The: option will interchange the order of columns (1,2) and (8,9).

10 Text string to appear ahe the beach ball (optional).

—Scscale[c/i][/fontsize[/offsqu]]]
Focal mechanisms in Harvard CMT a@ntion. scale adjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitude. Scale is the size for magnitude = 5 (that
is MO = 4.0E23 dynes-cm) in inch (unless, m, or p is appended). Use thel option to render
the beach ball transparent by drawing only the nodal planes and the circumference. The color or
shade of the compressiquadrants can be specified with t® option. Thecolor or shade of the
extensive quadrants can be specified with tHe option. Rirameters are expected to be in the fol-
lowing columns:

1,2 longitude, latitude ofvent (—: option interchanges order)
3 depth of @ent in kilometers
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10,11
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strike, dip, and ra& of dane 1
strike, dip, and ra& of gane 2
mantissa and exponent of moment in dyne-cm

longitude, latitude at which to place beach ball. Entries in these columns are necessary with the
—C option. Using(0,0) in columns 11 and 12 will plot the beach ball at the longitude, latitude
given in columns 1 and 2. The: option will interchange the order of columns (1,2) and (12,13).

Text string to appear ahe the beach ball (optional).

—Smscale[c/i][/fontsize[/offsqu]]]

Seismic moment tensor (Harvard CMhith zero trace)scaleadjusts the scaling of the radius of

the "beach ball", which will be proportional to the magnitude. Scale is the size for magnitude = 5
(that is scalar seismic moment = 4.0E23 dynes-cm) in inch (uoléssn, or p is appended).

(-TO option overlays best double couple transparetliput—Sdscale[/fontsize[/offsét]]] to plot

the only double couple part of moment tensBut —Szscale[/fontsize[/offs¢ti]]] to plot aniso-

tropic part of moment tensor (zero trace). The color or shade of the cowprgssirants can be
specified with the-G option. Thecolor or shade of thexeensve quadrants can be specified with
the—E option. Rirameters are expected to be in the following columns

1,2 longitude, latitude ofvent (—: option interchanges order)

3 depth of @ent in kilometers

4,5,6,7,8,9
mrr, mtt, mff, mrt, mrf, mtf in 10*exponent dynes-cm

10: exponent

11,12 longitude, latitude at which to place beach ball. Entries in these columns are necessary with the
—C option. Using0,0 in columns 9 and 10 will plot the beach ball at the longitude, latitwde gi
in columns 1 and 2. The option will interchange the order of columns (1,2) and (9,10).

13 Text string to appear ahe the beach ball (optional).

—Spscale[c/i][/fontsize[/offseu]]]

1,2

4.5

9,10

11

Focal mechanisms gén with partial data on both planescaleadjusts the scaling of the radius of

the "beach ball", which will be proportional to the magnitude. Scale is the size for magnitude = 5
in inch (unlesg, i, m, or p is appended).The color or shade of the compresstuadrants can be
specified with the-G option. Thecolor or shade of thexteensve quadrants can be specified with
the—E option. Rirameters are expected to be in the following columns

longitude, latitude ofvent (—: option interchanges order)
depth of @ent in kilometers

strike, dip of plane 1

strike of dane 2

must be -1/+1 for a normalfrerse fault

magnitude

longitude, latitude at which to place beach ball. Entries in these columns are necessary with the
—C option. Using0,0 in columns 9 and 10 will plot the beach ball at the longitude, latitwde gi
in columns 1 and 2. The: option will interchange the order of columns (1,2) and (9,10).

Text string to appear ahe the beach ball (optional).

—-Sxscale[c/i][/fontsize[/offsqu]]]

GMT 4.3.1
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4*10e+23 dynes-cm) in inch (unlessi, m, or p is appended)(-TO option overlays best double
couple transparently Put-Syscale[c/i][/fontsize[/offsdi]]] to plot the only double couple part
of moment tensorPut —Stscale[c/i][/fontsize[/offsqu]]] to plot zero trace moment tensofhe
color or shade of the compressicquadrants can be specified with th€ option. Thecolor or
shade of thex@ensve quadrants can be specified with theé option. Rirameters are expected to
be in the following columns

longitude, latitude ofvent (—: option interchanges order)
depth of @ent in kilometers

4,5,6,7,8,9,10,11,12

13
14,15

16:

OPTIONS

value (in 10*exponent dynes-cm), azimuth, plunge df{l;TP «is.
exponent

longtiude, latitude at which to place beach ball. Entries in these columns are necessary with the
—C option. Using0,0 in columns 9 and 10 will plot the beach ball at the longitude, latitwee gi
in columns 1 and 2. The option will interchange the order of columns (1,2) and (9,10).

Text string to appear ahe the beach ball (optional).

No space between the option flag and the associated arguments.

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

—C[pen[pointsizé
Offsets focal mechanisms to the longitude, latitude specified in the msblwmns of the input
file before the (optional) x& string. A small circle is plotted at the initial location and a line con-
nects the beachball to the circl8pecifypenand/orpointsizeto change the line style and/or size
of the circle. [Defaultspenwidth = 1, color = 0/0/0, texture = soligpintsizeQ].

-D depmin/depmaklots &ents between depmin and depmax.

—Efill  Selects filling of gtensve quadrants. Usually white. Set the shade (0-255) or color (r/g/b)
[Default is 255/255/255].

—=Gfill  Selects filling of focal mechanisms. By eention, the compressional quadrants of the focal
mechanism beach balls are shaded. Set the shade (0-255) or color (r/g/b) [Default is 0/0/0].

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

-K More PostScriptcode will be appended later [Default terminates the plot system].

~L[pen
Draws the "beach ball" outline withenattributes. [Deéults width = 1, color = 0/0/0, x&ure =
solid].

-M Use the same size foryamagnitude. Size is gén with —S.

-N DoesNOT skip symbols that fall outside frame boundary specifiedRyDefault plots symbols
inside frame only].

-0 Selects Overlay plot mode [Default initializes avrot system].

-P Selects Portrait plotting mode [Default is Landscapegsaeefaultsto change this].

=T[num_of plands

GMT 4.3.1

Plots the nodal planes and outlines the bubble which is transparaotn |bf _planess
0: both nodal planes are plotted;
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1: only the first nodal plane is plotted;
2: only the second nodal plane is plotted.

-U Draw Unix System time stamp on ploBy addingjust/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp should fall on the pageedtatower left corner of the
plot. For example, BL/0/O will align the lower left corner of the time stamp with therddeft
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parametersJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see timtdefaults man page for details. The time string will be in the locale set
by the environment variablEZ (generally local time).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-W

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoelnys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or dsint, thin[nernest, thick[er|esi, fat[ter|test], or obese color specifies a gre
shade or color (see SPECIFYING COLOR bélotextureis a combination of dashes ‘-’ and dots

—X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page

size.

—=Zcptfile
Give a olor palette file and let compregsipart color be determined by the z-value in the third
column.

-z Overlay zero trace moment tensor.

—a[sizé[P_axis_symb¢I _axis_symbdj]
Computes and plots P and T axes with symbols. Optionally spgzéand (separate) P and T
axis symbols from the following:c) circle, (d) diamond, b) hexagon, {) invease triangle,
(p)point, ) square, () triangle, &) cross. [Defaults: 0&@ccor 0.08/cc.]

—efill  Selects filling of T axis symbol. Set the shade (0—-255) or color (r/g/b). Default is white.
—dfill  Selects filling of P axis symbol. Set the shade (0-255) or color (r/g/b). Default black.
-0 Use thepsvelomecanput format without depth in the third column.

—p[per
Draws the P axis outline using default pen (88, or sets pen attributes.

—t[perl Draws the T axis outline using default pen (s&é), or sets pen attributes.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—-C Specifies the number of plot copies. [Default is 1].

EXAMPLES
The following file should gie a rormal-faulting CMT mechanism:
psmeca —R39/240/34/35.2Jm4 -S®.4-H1 <<END>! test.ps
lon lat depth str dip slip st dip slip mant exp plon plat
239.384 34.55612. 180 18 -880 72 90 5500 O
END
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SEE ALSO
GMT(1), pshasemafdl), psxy(1)
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NAME
pscoupe - Plot cross-sections of focal mechanisms.

SYNOPSIS
pscoupefiles —Jparameters-Rwesteastsouthinorth[r] —Aparameterq —B[p|s|parameters] [ —Ffill ][
=Gfill ][ -H[il[nred ][ -K ][ -L[pen] ][ M ][ -N][ -O ][ -P ][ —S<symbol><scaled/d] ] [
—s<symbol><sized/d] ] [ =Tn ] [ —U[justdx/dy/][cllabell ][ =V ][ -Wpen] [ —X][alc|r][x-shif{u]] ] [
=Y[alcIr][y-shiffu]] ] [ =Zcpt] [ —a[siz€[P_symbd[T_symbdl] ] [ —dfill ] [ —€fill ] [ —ppen] [ —tpen] [
—:[ilo] ][ —ccopies]

DESCRIPTION
pscoupereads data values frofites [or standard input] and generatesstScriptcode that will plot sym-
bols, lines or polygons on a cross-sectigiocal mechanisms may be specified and require additional col-
umns of data. ThPostScriptcode is written to standard output.

fileslist one or more file-names. If no files areagi, pscoupewill read standard input.

A new file is created with the mecoordinates X, y) and the mechanism (from lower focal half-sphere for
horizontal plane, to half-sphere behind a vertical plaMéen the plane is not horizontal, - north direction
becomes upwards steepest descent direction of the plane (u) - east direction becantrediok of the
plane (s) - down direction (= north”east) becomes u’s

Axis angles are defined in the same way as in horizontal plane invteystem.

Moment tensor (initially in,rt, f system that is up, south, east) is defined in (-u’s, -u, s) sygtefiile is
created with extracted/ents.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendimg, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range eR option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flat0/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€éOblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:
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—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latq/horizori/scale(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/latd/horizor[/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). If frame is
defined from cross-section parameters (#eethis option is not taken into account, but must be
present.

—-A selects the cross-section.
—Aalonl/latl/lon2/lat2/dip/p_width/dmin/dm§ek
lon andlat are the longitude and latitude of points 1 and 2 limiting the length ot the cross-section.
dip is the dip of the plane on which the cross-section is made.
p_widthis the width of the cross-section on each side of a vertical plane ve afwb under an
oblique plane.
dminanddmaxare the distances min and max from horizontal plane, along steepest descent direc-
tion.
Add f to get the frame from the cross-section parameters.
—Ablonl/latl/strike/p_length/dip/p_width/dmin/dnf§x
lonlandlatl are the longitude and latitude of the beginning of the cross-section.
strikeis the azimut of the direction of the cross-section.
p_lengthis the length along which the cross-section is made.
The other parameters are the same asN@option.
—Acx1/y1/x2/y2/dip/p_width/dmin/dmiak
The same asAa option withx andy cartesian coordinates.
—Adx1/yl/strike/p_length/dip/p_width/dmin/dnfigx
The same asAb option withx andy cartesian coordinates.

-S selects the meaning of the columns in the data file and the figure to be plotted.

—Sascale[/fontsize[/offs¢t]]]
Focal mechanisms in Aki and Richard gention. scaleadjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitudée scaleis the size for magnitude =5
in MEASURE_UNIT (unlessc, i, m, or p is appended to indicate that the size information is in
units of cm, inches, meters, or points, respelgti. Usethe —T option to render the beach ball
transparent by drawing only the nodal planes and the circumfer@eecolor or shade of the
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compressie quadrants can be specified with th@ option. Thecolor or shade of thextensve
guadrants can be specified with tHe option. Rirameters are expected to be in the ¥alhgy col-

umns:
1,2 longitude, latitude ofvent (—: option interchanges order)
3 depth of @ent in kilometers

45,6 drike, dip and rake

7. magnitude

8,9 not used; can be 0 0; allows use of the psmeca file format
10 text string to appear ahwe the beach ball (default) or under (agd

—-Scscale
Focal mechanisms in Harvard CMT a@ntion. scale adjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitude. $baleis the size for magnitude = 5
(that is MO = 4E+23 dynes-cm.) MEASURE_UNIT (unlessc, i, m, or p is appended to indicate
that the size information is in units of cm, inches, meters, or points, respgctiUsethe -T
option to render the beach ball transparent by drawing only the nodal planes and the eircumfer
ence. The color or shade of the compressuadrants can be specified with th@ option. The
color or shade of thextensve quadrants can be specified with thE option. Rirameters are
expected to be in the following columns:

1,2 longitude, latitude ofvent (—: option interchanges order)
3 depth of @ent in kilometers

45,6 drike, dip, and slip of plane 1

7,8,9 dtrike, dip, and slip of plane 2

10,12 mantissa and>@onent of moment in dyne-cm (if magnitude is uses instead of scalar moment,
magnitude is in column 10 and 0 must be in column 11)

12,13 not used; can be 0 0; allows use of the psmeca file format
14 text string to appear ahe the beach ball (default) or under (agdd

—Spscale[/fontsize[/offs@t]]]
Focal mechanisms gén with partial data on both planescaleadjusts the scaling of the radius of
the "beach ball", which will be proportional to the magnitudibe scaleis the size for magnitude
=5in MEASURE_UNIT (unlessc, i, m, or p is appended to indicate that the size information is
in units of cm, inches, meters, or points, respelgli. The color or shade of the compressi
guadrants can be specified with tH8 option. Thecolor or shade of thextensive quadrants can
be specified with theE option. Rarameters are expected to be in the following columns:

1,2 longitude, latitude ofvent (—: option interchanges order)
3 depth

4,5 strike, dip of plane 1

6: strike of dane 2

7. must be -1/+1 for a normalfrerse fault

8: magnitude

9,10 not used; can be 0 0; allows use of the psmeca file format
1L text string to appear abe the beach ball (default) or under (agdd
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—-Smscale[/fontsize[/offs§t]]]

Seismic moment tensoscaleadjusts the scaling of the radius of the "beach ball", which will be
proportional to the magnitude. Tteealeis the size for magnitude = 5 (that is seismic scalar
moment = 4E+23 dynes-cm) MEASURE_UNIT (unlessc, i, m, or p is appended to indicate
that the size information is in units of cm, inches, meters, or points, reshgcti—TO option
overlays best double couple transparently.) Paitiscale[/fontsize[/offs§t]]] to plot the only dou-

ble couple part of moment tensdPut —Szscale[/fontsize[/offs¢ti]]] to plot anisotropic part of
moment tensor (zero trace)he color or shade of the compressiuadrants can be specified with
the—G option. Thecolor or shade of thexeensve quadrants can be specified with the option.
Paameters are expected to be in the following columns:

1,2 longitude, latitude ofvent (—: option interchanges order)
3 depth of @ent in kilometers
4,5,6,7,8,9
mrr, mtt, mff, mrt, mrf, mtf in 10*exponent dynes-cm
10: exponent
11,12 Not used; can be 0 0; allows use of the psmeca file format
13 Text string to appear abve the beach ball (default) or under (agdd

-Sxscale[/fontsize[/offs§t]]]

1,2
3

Principal axis. scaleadjusts the scaling of the radius of the "beach ball", which will be propor
tional to the magnitude. Ttexaleis the size for magnitude = 5 (that is seismic scalar moment =
4*10e+23 dynes-cm) iIMEASURE_UNIT (unlessc, i, m, or p is appended to indicate that the
size information is in units of cm, inches, meters, or points, resgggti (-TO option overlays

best double couple transparently.) P@yscale[/fontsize[/offsgti]]] to plot the only double cou-

ple part of moment tensolPut —Stscale[/fontsize[/offs¢ti]]] to plot anisotropic part of moment
tensor (zero trace)The color or shade of the compressguadrants can be specified with th@
option. Thecolor or shade of thexeensive quadrants can be specified with the option. Raram-
eters are expected to be in the following columns:

longitude, latitude ofvent (—: option interchanges order)
depth of @ent in kilometers

4,5,6,7,8,9,10,11,12

13
14,15

16:

value (in 10*exponent dynes-cm), azimuth, plunge of thd,Tend P axes.
exponent

longitude, latitude at which to place beach ball. Entries in these columns are necessary with the
—C option. Using0,0 in columns 9 and 10 will plot the beach ball at the longitude, latitwde gi
in columns 1 and 2. The option will interchange the order of columns (1,2) and (9,10).

Text string to appear ahe the beach ball (optional).

—-ssymbol[size[/fontsize[/offsle]]]

GMT 4.3.1

selects a symbol instead of mechanism. Choose from the follovangirdle, (d) diamond, {)
itriangle, €) square, () triangle, &) cross. sizeis the symbol size iMEASURE_UNIT (unlessc,

i, m, or p is appended to indicate that the size information is in units of cm, inches, meters, or
points, respectely). If sizemust be read, it must be in column 4 and the text string will start in
column 5. Paameters are expected to be in the following columns:

longitude, latitude ofvent (—: option interchanges order)
depth of @ent in kilometers
Text string to appear abve the beach ball (default) or under (agdd
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OPTIONS
No space between the option flag and the associated arguments.
-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

—-Efill  Selects filling of gtensve quadrants. Usually white. Set the shade (0-255) or color (r/g/b)
[Default is 255/255/255].

—=Gfill  Selects filling of focal mechanisms. By eention, the compressional quadrants are shaed.
the shade (0-255) or color/d/b) [Default is 0/0/(. Optionally, specify —Gpicon_size/pattern
where pattern gives the number of the image pattern (1-90) OR the name of a Sun rasterfile.
icon_sizesets the unit size in inche3o invet black and white pixels, useGP instead of-Gp.
See Appendix E for information on individual patterns.

-H Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.

-K More PostScriptcode will be appended later [Default terminates the plot system].

Draws the "beach ball" outline using current pen (388 or sets pen attributes.
-M Same size for gnmagnitude.
-N DoesNOT skip symboils that fall outside map border [Default plots points inside border only].
-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mode [Default is Landscapegsaeefaultsto change this].

~T[num_of plands
Plots the nodal planes and outlines the bubble which is transparaotn |bf planess
0: both nodal planes are plotted;
1: only the first nodal plane is plotted;
2: only the second nodal plane is plotted [Default: 0].

-U Draw Unix System time stamp on plot. By addijugt/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp shoalldoih the page relat © lower left corner of the
plot. For example, BL/0/0 will align the lower left corner of the time stamp with the lower left
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parametersJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see timtdefaults man page for detailsThe time string will be in the locale set
by the environment variablEZ (generally local time).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W set pen attributes for text string or default pen attributes for fault plane edgesul{®efidth =1,
color =0/0/0, texture =solid)].

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default (x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

—=Zcptfile
Give a olor palette file and let compregsipart color be determined by the z-value in the third
column.

GMT 4.3.1 15 May 2008 5
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—a[sizé[P_axis_symbd[T_axis_symbd]]
Computes and plots P and T axes with symbols. Optionally spgzéand (separate) P and T
axis symbols from the following:c) circle, (d) diamond, b) hexagon, {) invese triangle,
(p)point, () square, () triangle, &) cross. [Defaults: 0&c/c or 0.08/c/c.]

—efill  Selects filling of T axis symbol. Set the shade (0-255) or color (r/g/b) [Default is colxteof e
sive marts.]

—dfill  Selects filling of P axis symbolSet the shade (0-255) or color (r/g/b) [Default is color of com-
pressve parts.]

~p[per
Draws the P axis outline using current pen (3848, or sets pen attributes.

—t[perl Draws the T axis outline using current pen (S@é), or sets pen attributes.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—-C Specifies the number of plot copies. [Default is 1].

SEE ALSO
GMT(1), pshasemafd), psmecél), psxy1)

REFERENCES
Bomford, G., Geodes¥yth ed., Oxford Uniersity Press, 1980.
Aki, K. and P Richards, Quantitate Sismology Freeman, 1980.
F. A. Dahlen and Jeoren Trom, Theoretical Seismqldginceton, 1998, p.167. Definition of scalar
moment.
Cliff Frohlich, Cliff's Nodes Concerning Plotting Nodal Lines foiSh and Sv
Seismological Research Letters, Volume 67, Number 1, January-FeldQg6y
Thorne Lay Terry C. Wallace, Modern Global Seismolpggademic Press, 1995, p.384.
W.H. Press, S.A. dukolsky, W.T. Vetterling, B.PHannery Numerical Recipes in C, Cambridge Warsity
press (routine jacobi)

AUTHOR
Geneviee Paau
CNRS UMR 7580
Seismology Dept.
Institut de Physique du Globe de Paris
(patau@ipgp.jussieu.fr)

GMT 4.3.1 15 May 2008 6



PSPOLAR(1) GeneriMapping Dols PSPOLAR(1)

NAME
pspolar - Plot polarities on the inferior focal half-sphere on maps

SYNOPSIS
pspolar files —Jparameters —Rwesteastsouttinorth[r] -Dlon/lat —-Msize -S<symbol><size> [
—B[p|s|parameterg [ —Clon/lat[/dash_widtipointsiz¢ | [ —Fcolor ][ =Gfill ][ —dfill ][ —H[i][nred ][ —h
J[-K1[-L]1[-N][-O][ -P][ —sHalf-sizdv[[v_widthh_lengthh_width'shap§][ g[color]][I] [ —Tan-
glefformvjustifylfontsize] [ —tpen] [ —U[justdx/dy/][cllabell 1 [ -V ][ —Wpen] [ —X[alc|r][x-shiffu]] ] [
—Y[alclr][y-shif{u]] ] [ —ccopies]

DESCRIPTION
pspolar reads data values frofiles[or standard input] and generafstScriptcode that will plot stations
on focal mechanisms on a map. TestScriptcode is written to standard output.

Paameters are expected to be in the following columns
1,2,3,4 station_code, azimuth, takefahgle, polarity

polarity:

- compression can be ¢,C,u,U,+
- rarefaction can be d,D,I,R,-

- not defined is anything else

ARGUMENTS
filesList one or more file-names. If no files areeni, pspolar will read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendimg, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Defult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flatO/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
—=Jo[b]lon0/lat0/lon1/latl/scal€éOblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:
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—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latq/horizori/scale(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/latd/horizor[/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

—Dlongitude/latitude

Maps the bubble atggn longitude and latitude point.

—Msize Sets the size of the beach ball to plot polaritiesSizeis in inch (unless, i, m, or p is appended).

—S<symbol_type><size>

OPTIONS

Selectssymbol_typeand symbokize Size is in inch (unless, i, m, or p is appended).Choose
symbol type from s#)r, (c)ircle, (d)iamond, h)exagon, {()nverted triangle, g)oint, (S)quare,
(Hriangle, K)cross.

No space between the option flag and the associated arguments.

-B

-C

—Efill

—¢efpen]

—FHill

—f[pen]

=Gill

GMT 4.3.1

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Offsets focal mechanisms to the latitude and longitude specified in the ¢asbltunns of the
input file.

Selects filling of symbols for stations ixtensve quadrants. Sethe shade (0-255) or color
(r/g/b) [Default is 250/250/250]. HEfill is the same asFfill, use—eto outline.

Outline symbols in exteng quadrants usingenor the default pen (seeV).
Sets background color of the beach ball. Default is no fill.

Outline the beach ball usinmenor the default pen (seéWV).

Selects filling of symbols for stations in compressional quadr&dsthe shade (0-255) or color
(r/g/b) [Default is 0/0/0].
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—g[pen]
Outline symbols in compressional quadrants upegpr the default pen (seeW).

-H Input file(s) has Header record(dNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.

-h Use special format dered from HYPO71 output

-K More PostScriptcode will be appended later [Default terminates the plot system].

-N DoesNOT skip symboils that fall outside map border [Default plots points inside border only].
-0 Selects Overlay plot mode [Default initializes avrot system].

-P Selects Portrait plotting mode [Default is Landscapegs@eefaultsto change this].

—shalf-size/[V[v_width/h_length/h_width/shape§r/g/b][ L]
Plots S polarity azimuth.
S polarity is in last column. It may be a vectoWV (option) or a sgment. Gie
half-size,v_width,h_length,h_width in inch (unlesd, m, or p is appended)[L] option is for
outline.

—Tangle/form/justify/fontsize in points
To write station code. [Default is 0.0/0/5/12].

—tpen Set pen color to write station code. Default uses the default per\igee

-U Draw Unix System time stamp on plot. By addijugt/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp shoalldoih the page relat © lower left corner of the
plot. For example, BL/0/0 will align the lower left corner of the time stamp with the lower left
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parametersJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see timtdefaults man page for detailsThe time string will be in the locale set
by the environment variablEZ (generally local time).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Set current pen attributes
[Defaults: width = 1, color = 0/0/0, texture = solid].

=X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—-C Specifies the number of plot copies. [Default is 1].

EXAMPLES
pspolar —R239/240/34/35.2JM8 —-N -Sd.4-H1 -D239.5/34.5-M5 <<END>! test.ps
stat azim ih pol
0481 11 147 c
6185 247 120d
0485 288 114+
0490 223 112-
0487 212 109.
END
or
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pspolar —R239/240/34/35.2JM8 —N -Sd.4-H1 -D239.5/34.5-M5 —h <<END>! test.ps
Date Ortime stat azim ih

910223 122 0481 11 147 ipu0

910223 122 618247 120 ipd0

910223 122 048288 114 epu0

910223 122 04923 112 epd0

910223 122 0487212 109 epu0

END

SEE ALSO
GMT(1), pshasemafd), psxy(1)

REFERENCES
Bomford, G., Geodes¥yth ed., Oxford Uniersity Press, 1980.
Aki, K. and P Richards, Quantitate Sismology Freeman, 1980.

AUTHORS
Geneviee Paau
Seismology Dept.
Institut de Physique du Globe de Paris
(patau@ipgp.jussieu.fr)
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NAME
psvelo — Plot velocity vectors, crosses, and wedges on maps

SYNOPSIS
psvelofiles —Jparameters-Rwesteastsouthinorthr] [ —B[p|s|parameterd [ —-Dsigma_scalég [ —Fcolor ]
[ —Ecolor][ =Gfill ][ -H[i][nred ][ =K ][ -L ][ -N]1[ -O ][ =P ][ —Ssymboalscaldconffont_size [
—U[jUS_T/d]></dy/][Cllabe|] 11 -V I[-Wpen] [ -X[alc|r][x-shiffu]] ] [ —Y[alc|r][y-shiffu]] ] [ —:[ilo] ] [
—ccopies)

DESCRIPTION
psveloreads data values frofiles [or standard input] and generafésstScriptcode that will plot elocity
arrovs on a map. Most options are the same apdry, except—S. ThePostScriptcode is written to stan-
dard output. The previous versiopsyelomeca is now dbsolete. It has been replaced psvelo and
psmeca

ARGUMENTS
filesList one or more file-names. If no files areani, psvelowill read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendimg, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range eR option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flatO/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€éOblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latq/horizori/scale(Orthographic)
—-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/latd/horizor][/slaf]/scale(General Stereographic)
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MISCELLANEOUS PROJECTIONS:

-=Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
-Jkf[lonO/]scale(Eckert 1V)
-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lon0/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

—SSelects the meaning of the columns in the data file and the figure to be plotted.

—Sevelscale/confidence/fontsize

Velocity ellipses in (N,E) corention. Vscalesets the scaling of theelocity arravs. Thisscaling

gives inches (unless, i, m, or p is appended)Confidencesets the 2-dimensional confidence limit
for the ellipse, e.g., 0.95 for 95% confidence ellipBentsizesets the size of the text in points.
The ellipse will be filled with the color or shade specified by-tBeoption [default transparent].

The arrov and the circumference of the ellipse will be drawn with the pen attributes specified by
the-W option. Rirameters are expected to be in the following columns:

1,2 longitude, latitude of station-( option interchanges order)

3,4 eastward, northward velocity(option interchanges order)

5,6 uncertainty of eastward, northward velocities (1-sigmapption interchanges order)

7 correlation between eastward and northward components

8 name of station (optional).

—-Snbarscale.
Anisotropy bars. Barscalesets the scaling of the bars This scalingeginches (unless, i, m, or
p is appended)Paameters are expected to be in the following columns:

1,2 longitude, latitude of station-( option interchanges order)

3,4 eastward, northward components of anisatnegctor (: option interchanges order)

—Srvelscale/confidence/fontsize

1,2

GMT 4.3.1

Velocity ellipses in rotated ceention. Vscalesets the scaling of the velocity arrows. This scaling
gives inches (unless, i, m, or p is appended)Confidencesets the 2-dimensional confidence limit
for the ellipse, e.g., 0.95 for 95% confidence ellipBentsizesets the size of the text in points.
The ellipse will be filled with the color or shade specified by-tBeoption [default transparent].

The arrev and the circumference of the ellipse will be drawn with the pen attributes specified by
the—-W option. Rirameters are expected to be in the following columns:

longitude, latitude, of station-( option interchanges order)
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eastward, northward velocity (option interchanges order)

semi-majoy semi-minor axes

counter-clockwise angle, in degrees, from horizontal axis to major axis of ellipse.
name of station (optional)

-Swwedge_scale/wedge _mag

Rotational wedgesWedge scalesets the size of the wedges in inches (untessm, or p is
appended). &lues are multiplied byWedge mag before plotting. For example, setting
Wedge _mago 1.e7 works well for rotations of the order of 100 nanoradianklye—G to set the
fill color or shade for the wedge, ané to set the color or shade for the uncertairRgrameters
are expected to be in the following columns:

longitude, latitude, of station-( option interchanges order)
rotation in radians
rotation uncertainty in radians

—Sxcross_scale

1,2

OPTIONS

gives Srain crosses.Cross_scalesets the size of the cross in inches (unkgss m, or p is
appended). &ameters are expected to be in the following columns:

longitude, latitude, of station-( option interchanges order)

epsl, the most extensional eigalne of strain tensowith extension taken posit.
eps2, the most compressional eiggiie of strain tensgmwith extension taken posit.
azimuth of eps2 in degrees CW from North.

No space between the option flag and the associated arguments.

—FHill
—Efill

=Gill

GMT 4.3.1

Arrow_width/Head_length/Head_wid8ize of arrev in inches. [Dedult is 0.03/0.12/0.09].

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Offset focal mechanisms to the latitude and longitude specified in the tastltunns of the input
file.

Sigma_scalecan be used to rescale the uncertainties of velocitiB8e §¢nd —Sr) and rotations
(-Sw). Canbe combined with theonfidencevariable.

Sets the color or shade used for frame and annotation. [Default is 0/0/0 (black)]

Sets the color or shade used for filling uncertainty wedg@a)(or velocity error ellipses<(Seor
=Sr). [If —E is not specified, the uncertainty regions will be transparent.]

Select filling of ellipses, wedges, and focal mechanisByscorvention, the compressional quad-
rants of the focal mechanism beach balls are sha8edl.the shade (0-255) or color (r/g/b)
[Default is 0/0/0]. Optionally, specify —Gpicon_size/patternwhere pattern gives the number of
the image pattern (1-90) OR the name of a icon-formatifiten_sizesets the unit size in inches.
To invet black and white pixels, useGP instead of-Gp. See pspatterns for information on
individual patterns.

Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should

have header records [Datilt will write out header records if the input dataenthem]. Blank lines

and lines starting with # arevadys skipped.
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More PostScriptcode will be appended later [Default terminates the plot system].
Draw lines. Ellipsesand fault planes will hae their outlines drawn using current pen (s&€).

Do NOT skip symbols that fall outside the frame boundary specifieeRoy
[Default plots symbols inside frame only].

Selects Overlay plot mode [Default initializes avrot system].
Selects Portrait plotting mode [Default is Landscapegsaéeefaultsto change this].

Draw Unix System time stamp on ploBy addingjust/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp should fall on the pageedtatower left corner of the
plot. For example, BL/0/0 will align the lower left corner of the time stamp with therddeft
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parametersJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect

the appearance; see tiimtdefaults man page for details. The time string will be in the locale set
by the environment variablEZ (generally local time).

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Set pen attributes for velocity arrows, ellipse circumference and fault plane edges.
[Defaults: width = 1, color = 0/0/0, texture = solid].

=X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length

-C
EXAMPLES

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default (x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Specifies the number of plot copies. [Default is 1].

The following should mak kig red arrows with green ellipses, outlined in rétbte that the 39% confi-
dence scaling will gie a dlipse which fits inside a rectangle of dimension Esig by Nsig.

psvelo << END -H2 -R-10/10/-10/10-W0.25p,red-Ggreen -L —Se0.2/0.39/18-B1gl -Jx0.4/0.4
-A0.1/0.3/0.3-P -V >! test.ps
Long. Lat. Evel Nvel Esig NsigCorEN SITE

(deg) (deg) (mmiyr)  (mmliyr)

0.
-8.
0.
-5.
5.
0.
END

-8. 00 00 4.0 6.@.500 4x6
5. 3.0 3.0 0.00.0 0.500 3x3
0. 40 6.0 4.06.0 0.500

-5. 6.0 40 6.0 4.@.500 6x4
0. -6.0 4.0 6.0 4.60.500 -6x4
-5. 6.0 -40 6.0 4.0-0.500 6x-4

This example should plot some residual rates of rotation in the Westans\&rse Ranges, Californid.he
wedges will be dark grawith light gray wedges to represent the 2-sigma uncertainties.

psvelo<<END -Sw0.4/1.e7-WO0.75p—Gdarkgray-Elightgray—-H1 -D2 —Jm2.2 -R240./243./32.5/34.75
-Bf10ma60m/WeSrP >! test.ps

lon

lat spin(rad/yr) spin_sigma (rad/yr)

241.4806 34.2073 5.65E-08 1.17E-08
241.6024 34.4468 -4.85E-08 1.85E-08
241.0952 34.4079 4.46E-09 3.07E-08
241.2542 34.2581 1.28E-07 1.59E-08

GMT 4.3.1

15 May 2008 4



PSVELO(1) Generidlapping Dols PSVELO(1)

242.0593 34.0773 -6.62E-08 1.74E-08
241.0553 34.5369 -2.38E-07 4.27E-08
241.1993 33.1894 -2.99E-10 7.64E-09
241.1084 34.2565 2.17E-08 3.53E-08
END

SEE ALSO
GMT(1), pshasemafl), psxy(1)

REFERENCES
Bomford, G., Geodesyth ed., Oxford Uniersity Press, 1980.

AUTHORS
Kurt Feigl
CNRS UMR 5562
Toulouse, France
(Kurt.Feigl@.cnes.fr)
Geneviee Paau
CNRS UMR 7580
Seismology Dept.
Institut de Physique du Globe de Paris
(patau@ipgp.jussieu.fr)
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NAME

mgd77comert — Translate between different formats of MGD77 files
SYNOPSIS

mgd77corvert NGDC-ids—Falb|t —=T[+]alb|t [ —L[w][el[+] ][ =V 1] -4]
DESCRIPTION

mgd77corvert reads ersions of MGD77 files and writes the same data in (probably) another format to a
new file in the current directory.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infa-F for ageng and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

-F Specifies the format of the input (From) fileShoose froma for standard MGD77 ASCII table
(with extension .mgd77) for the nev MGD77+ netCDF format (with extension .nc), anfdr a
plain ASCIl tab-separated table dump (witktemsion .dat). Use —-FC to recawer the original
MGD77 setting from the MGD77+ file [Default will apply yafe77 corrections encoded in the
file].

-T Specifies the format of the outputofTfiles. Choose frona for standard MGD77 ASCII table
(with extension .mgd77); for the nev MGD77+ netCDF format (with extension .nc), anfor a

plain ASCII tab-separated table dump (wittiemsion .dat).We will refuse to create the file(s) if
they dready exist in the current directorifrepend+ to override this polig.

OPTIONS
No space between the option flag and the associated arguments.

-L Set the lgel of verification reporting [none] and where to send such reports [std&pgend a
combination ofw for warningsge for errors, and- to send such log information to stdout.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-4 By default, the storage types used in a MGD77+ netCDF file greathed the precision imposed
by the ASCII MGD77 format.However, for the five itemsfaa, eot, mag, diur andmsd we use
2-byte integers with implied precisions of 0.1 mGal, 0.&9id, and 1 m as in the MGD77 format.
It is possible that at some point these items will need to be stored as 4-byte ints which waeuld allo
precisions of 1 fésla, 1 nGal, and 0.01 mm, resped}i. This option actiates such storage
[Default uses 2-byte integers].

EXAMPLES
To convert 01010047.mgd77 and 01010008.mgd77 tev metCDF .nc files, and capture aknification
messages, try
mgd77corvert 01010047 01010008Fa -Tc -V —Lew+ > log.lis

To oorvert 01010047.nc back to MGD77 ASCII and reature it is identical to the original file, try
(Bourne shell syntax)

orig="mgd77path01010047-Ic’
mgd77corvert 01010047-Fc —-Ta -V
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diff $orig 01010047.mgd77
To oonvert 01010047.nc to a plain ASCII table for manual editingywriting ary existing table, try
mgd77corvert 01010047-Fc —-T+t -V

To recover the original NGDC MGD77 version of 01020051.nc and ignoseEatY corrections, use
mgd77corvert 01020051-FC -Ta -V

FILE FORMATS
mgd77corvert handles three dirent formats. (1) The MGD77 ASCII tables are the established standard
for distribution of underway geophysical data to and from the NGDC data.céfmenally, only the ship-
operations people and the cruise Pl might belited inmakingan MGD77 ASCII file for transmission to
NGDC; users are more interestedéadingsuch files. (2) The MGD77+ netCDF format waselgped to
fascilitate the use of MGD77 data by scientists. It contains all the information of the original MGD77 file
and if you comert back and forth you end up with the origin&élowever, file sizes are typically "30% of
the original ASCII format and is much faster to operate on. (3) The plain ASCII tab-separated dump is
awailable for users who need to manually edit the content of a MGD77 file. This is usually easier to do
when the columns are tab-separated than whenateeall crunched together in the MGD77 punch-card
format.

OTHER TOOLS
The MGD77+ netCDF files are CF-1.0 and COARDS compliant and can be examined with general-purpose
tools such as ncBrowse and naovie

SEE ALSO
mgd77mange(1), mgd77lis{1), mgd77samplg), mgd77trackl) x2sys_inif1)

REFERENCES
Wessel, P., and VWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Nw, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
ncBrowse, sebttp://www.epic.noaa.gov/java/ncBrowse/
ncView, seehttp://meteora.ucsd.edu/ pierce/ncview _homeeddaml
The Marine Geopysical Data Exchange Format - "MGD77", dd://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME

mgd77info — Get information about MGD77[+] files
SYNOPSIS

mgd77infoNGDC-ids[ —=C[m|e] ][ —E[m|¢e] ][ —lignore] [ —-Mf[item|rlelh ][ —-L[v][ =V ]
DESCRIPTION

mgd77info reads <legid>.[mgd77|nc] files and produces a single record of information about each cruise
specified. Thénformation includes beginning and end times, total track distances in km, longitude and lat-
itude range, and the total number of gemital obserations. Optionallychoose instead to see the origi-

nal MGD77 header meta-data section or its individual members.

If you need to kne which tracks are crossing through aegi regon and what kinds of geophysical obser
vations are wailable, consider using the x2sys tools to set up a tracks ieta base (see2sys_initfor

more information).

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-F for ageng and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

OPTIONS
No space between the option flag and the associated arguments.
-C List abbreviations for all columns present in the MGD77[+] filAppendm or e to limit the dis-
play to the MGD77 standard or MGD77+ extended set only.
-E Give a me-line summary for each cruise listed.

-M List the meta-data (header) and (if present) the MGD77+ history for each cAgipendf for a
formatted display This will list individual parameters and their values, one entry per output line,
in a format that can be searched using standard UNiXdels. Alternatively, append the name
of a particular parameter (you only need teeginough characters - starting at the beginning - to
uniquely identify the item)Give - © display the list of all parameter namegou may also spec-
ify the number of a parameteFor the rav, punchcard-formatted MGD77 original header block,
appendr instead. Br the MGD77+ E77 status, appeathstead. Finallyfor the MGD77+ his-
tory, appendh instead.

= Ignore certain data file formats from consideration. Appefat to ignore MGD77 ASCII,
MGD77+ netCDF or pain tab-separated ASCII table files, respatyi The option may be
repreated to ignore more than one format. [Default ignores none].

-L No cruise information is listed. Instead, we just display a list of the GEODAS institution 2-char
acter codes and their name3ptionally, appendv to also display theessels and their 4-character
codes for each institution. The following is the list of institutions:

(01) LAMONT (LDEO), (02) WOODS HOLE O.l., (03) NOAA, (04) US ARMY(05) NEW
ZEALAND, (06) US GEOL. SUREY, (07) OREGON STUNIV, (08) U.HANAIl SOEST (09)
US NAVY, (10) UNIV OF TEXAS, (11) RICE UNIVY (12) CANADA, (13) UNIV OF CONN.,
(14) U.MIAMI (RSMAS), (15) SCRIPPS INST.OC, (16) CHAN(17) U RHODE ISLAND, (18)
DUKE UNIVERSITY, (19) UNITED KINGDOM, (20) U.WASHINGTON, (22) WESTERN
GEOPHY, (23) TEXAS A&M UNIV,, (24) AUSTRALIA, (25) MOMCO, (29) RUSSIA, (30)
SRAIN, (35) NIMA, (58) NETHERLANDS, (60) MIN MGMT SVC, (63) ISRAEL, (67)
FRANCE, (71) SOUTH AFRICA, (75) US G&BT GUARD, (76) BRAZIL, (77) INT GRAV.
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BUR, (83) GERMANY (84) ORSTOM NEW CAL, (86) CUB, (87) ARGENTINA, (88) US
NSF (89) INDIA, (90) PORTUGAL, (92) FINLAND, (93) CHILE, (J1) HYDR DEPTABAN,
(J2) GEOL SRY JAPAN, (J4) UNIV TOKYO, (J5) KOBE UNIV (J7) UNIV OF RIUKYUS,
(38) J.0.D.C. JAPAN, (J9) CHIBUNIV, (JA) INST.POLAR RES., (ZZ) INST NDCODED.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To get one-line summary information about the cruises 01010047.mgd77 and 01010008.mgd77, try

mgd77info 01010047 01010008E > listing.lis

To e the original i@ MGD77 header meta-data for cruise 01010047.mgd77, run
mgd77info 0101004 7-Mr

To determine all the parameters related to Gravity during cruise 01010047.mgd77, run
mgd77info 0101004 7-Mf | grep Gravity

To determine the Magnetic sampling rate used during cruise 01010047.mgd77, run
mgd77info 0101004 7-Mf Magnetics_Sampling_Rate

To xe all the columns that the MGD77+ cruise 01010047.nc contains, run
mgd77info01010047C

To se the E77 status of all MGD77+ cruises collected by theetity of Hawaii, run

mgd77info08 —-la —Me

SEE ALSO
mgd77lis{1), mgd77mange(1), mgd77patiil), mgd77trackl) x2sys_inif1)

REFERENCES
Wessel, P., and VWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geopysical Data Exchange Format - "MGD77", s$dp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME
mgd77list — A data-extractor for MGD77[+] files

SYNOPSIS
mgd77list NGDC-ids —Fcolumng,logic][: bittesty [ —Ac|d[fjmcode ] [ —Cf|gle ] [ —Dastartdate ] |
—Dbstopdate] [ —E ] [ —Gastartrec] [ —Gbstoprec] [ —H[i][nred ] [ —lignore] [ —X[corrtablg ] [
-MJflag] 1 [ —Nd|sunit ] [ —Qalvminimax | [ —Rwesteastsouthinorth[r] ] [ —Sastartdisfunit] ] [
—Sbstopdisfunit] ] [ =T[m|e]] [ =V ][ “Wweight] [ =Z+|- ][ —bo[g|S|d|D[ncol]|c[varl/..]]] ]

DESCRIPTION
mgd77list reads <NGDC-id>.[mgd77|nc] files and produces an ASCII [or binary] takihe. <NGDC-
id>.[mgd77|nc] files contain track information such as leg-id, time and position, ygécgdhobserables
such as gndty, magnetics, and bagmetry, and control codes and corrections such as &oand diurnal
corrections. Th&MGD77+ etended netCDF files may also contain additional user columns (for a listing of
awailable columns, usagd77info —C, and to learn hw to add your own custom columns, segd77man-
age. Theuser may extract grcombination of these parametersy arf six computed quantities (distance,
heading, elocity, Carter correction, and gravity and magnetic global reference fields), calendar sub-units of
time (year month, dayhour, min, sec), the NGDC id, and finally a preset weight (3&8. A sub-section
can be specified by passing time- or distance-iateralong track or by selecting a geographicglome
Finally, each output record may be required to pagsramber of logical tests wolving data alues or bit
flags.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-F for ageng and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

-F The requireccolumnsstring must be a comma-separated list of parameter abbreviati@nsirgi
the desired output ordeAny parameters gen in UPPER case must not be NaN in a record for
output to occur Unless specified separatethe output format (if ASCII) is controlled by the
GMT parameteD_FORMAT . The aailable abbreviations are:

drt The digital record type, usually 3 or 5 (for Y2K-compliant cruises).
id The surey ID string (leg name).
ngdcid The 8-character NGDC cruise ID string (usually the file prefix).

time  Choose between Absolute calendar tiratinfe, the default) in the format dictated by the GMT
parametersOUTPUT_DATE_FORMAT andOUTPUT_CLOCK_FORMAT , or Relative ime
(rtime) in the format dictated by the GMT parametdds FORMAT and TIME_SYSTEM (or
TIME_EPOCH andTIME_UNIT ). Notethat if —b is used then time is written as seconds since
1970 (i.e., you ust seleTIME_SYSTEM UNIX to process this data further).

lon Longitude in the format dictated by the GMT param&@eiTPUT_DEGREE_FORMAT .
lat Longitude in the format dictated by the GMT param&@eiTPUT_DEGREE_FORMAT .
twt Two-Way Travel time (in s).

depth Corrected bathymetry (in m, posii below sealevel).
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mtfl
mtf2
mag
gobs
faa
ptc
bcc

btc

msens

msd
diur
eot
sIn
sspn
nqc

year
month
day
hour
min
sec
dist

az
vel
weight
carter

igrf
ngrav

GMT 4.3.1
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Magnetic Total Field intensity from sensor 1 (in nTesla).
Magnetic Total Field intensity from sensor 2 (in nTesla).
Residual magnetic anomaly (in nTesla).

Observed gravity (in mGal).

Free-air gravity anomaly (in mGal).

Position Type Code (1 = fix, 3 = interpolated, 9 = unspecified).

Bathymetric Correction Code, indicating the procedure used towetotravel time to depth.
(01-55 = Matthews’ zone used to correct the depth, 59 = Medtterrections used but the zones
is unspecified in the data record, 60 = 8wihara formula for -B, 61 = Wilson formula for-B,

62 = Del Grosso formula for-$, 63 = Cartes tables, 88 = Othedescribed in header sections, 99
= unspecified).

Bathymetric Type Code, indicating hwothe batlymetry value was obtained (1 = observed, 3 =
interpolated, 9 = unspecified).

Magnetic sensor for used toakiate the residual field (1 = 1st or leading sen&er 2nd or trail-
ing sensqr9 = nspecified).

Depth (or altitude) of the magnetic sensor (in m, pasitelow sealevel).
Magnetic diurnal correction (in nTesla).

Eotvos correction (in mGal).

Seismic Line Number string.

Seismic Shot Point Number string.

Navigation Quality Code (5 = suspected, by source institution, 6 = suspected, by NGDC, 9 = no
problems identified).

In addition, the following devied quantities can be requested:
The year of each record.

The month of each record.

The day of the month of each record.

The hour of each record.

The minutes of each record.

The decimal seconds of each record.

Along-track distance from start ofge For method of calculation, se€C [spherical great circle
distances], and for distance units, sé&[km].

Ship azimuth (heading) measured clockwise from north (in degrees).
Ship speed; seeN for units [m/s].
Weight assigned to this data set (s&#).

Carter depth correction, ffvt is present in file (in m). Sign: Correction is to be subtracted from
uncorrected depths to yield a corrected depth.

International geomagnetic reference field (total field) (in nTesla).

International Gravity reference Field ("normal gravity") (in mGal). Field is selected based on the
parameter Gravity Theoretical Formula Code in the cruigi&sD77 header|f this is not set or is
invalid we default to the IGF 1980Alternatively, specify the field directly usingAf (see that
option for more details).

The following short-hand flags are also recognized:
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all This returns all data columns in the file.
mgd77 This results in all 27 MGD77 fields being written out in the offical MGD77 order.

geo This limits the output to 10 fieldgirhe, lon, lat plus the seen geoplysical obserationstwt,
depth, mtfl, mtf2, mag, gobs and faa). By appending+ to either of these set we will also
appendlist, azim, vel, and weight as listed abee.

As an option, logical tests may be added for @inthe observations by appendinggjc, which is

itself composed of one or more comma-separated instructions of thedo@Rvalue wherepar

is one of the parameters listed @gdOP is a logical operator (<, <=, =, =, >=, >, |), araueis a
constant used in the comparison. Floating point parameters are compared numerically; character
parameters are compared lexically (after leading and trailing blanksbhan remwed). Thebit
comparison (|) means that at least one of the bitaluemust be turned on ipar. At least one of

the tests must be true for the record to be output, except for tests using UPPER case parameters
which all must be true for output to occiMote that specifying a test does not imply that the cor
responding column will be included in the output stream; it must be pressritimnsfor that to

occur Note: some of the operators are special UNIX characters and you are advised to place
guotes around the entire argumentko

Finally, for MGD77+ files you may optionally apperiittestswhich is : (a colon) followed by
one or more comma-separatedat-terms. Thiscompares specific bitflags only for each listed
column. Here; means the chosen bit must be 1 (ON) whereas - means it must be 0 @IFF).
bit tests gien must be passedy default, MGD77+ files that va the speciaMGD77_flagscol-

umn present will use those flags, and obatons associated with ON-bits (meaningytlaee
flagged as bad) will be set to NaN; append : with no trailing information to turn this behévior of
(i.e., no bit flags will be consulted).

OPTIONS
No space between the option flag and the associated arguments.

-A By default, corrected deptlil€pth), magnetic residual anomalynag), free-air gravity anomaly
(faa), and the devied quantity Carter depth correctiongter) are all output as is (if selected in
—F); this option adjusts that behar. For each of these columns there are 2-e4swto adjust the
data. Appenc(arter),d(epth),f(aa), orm(ag) and select theodefor the procedure you ant
applied. You may select more than one procedure for a data column by summing their numerical
codes (1, 2, 4, and 8). E.g=Ac3 will first try method-Acl to estimate a Carter correction but if
depth is NaN we will next try—Ac2 which only useswt. In dl cases, if ap of the \alues
required by an adjustment procedure is NaN then the result will be NaN.

-Ac Determines he the carter correction term is calculatedBelow, C(twt) stands for the Cartezor-
rected depth (it also dependslon, lat), U(twt, v) is the uncorrected depth ¢wt * v/ 2) using
asv the "Assumed Sound Velocity" parameter in the MGD77 header (if itaichvelocity, other-
wise we default to 1500 m/s); alternvaty, append your preferredelocity vin m/s, TU@epth, v)
is the 2-way treel time estimated from the (presumably) uncorrectepth, and TCdepth) is the
2-way travel time obtained by werting the (presumably) correctelépth using the Carter correc-
tion formula. Select from
—Acl],v] returns difference betweentuf, v) and depth [Default].

—Ac2|[,v] returns difference betweentuf, v) and Carter fiwt).
—Ac4],v] returns difference between (assumed uncorrediegth and Carter (TWdepth)).
—Ac8][,v] returns difference between U(Td&pth), v) and depth.

-Ad Determines hw thedepth column output is obtained:
—Ad1 returnsdepth as stored in the data set [Default].
—Ad2[,v] returns calculated uncorrected deptivd( v).
—Ad4 returns calculated corrected depthv@j.

—Af Determines ha the faa column output is obtained. Kgrav (i.e., the International Gvity refer
ence Field (IGF), or "normal grity") is required it is selected based on the MGD77 header
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parameter "Theoretical Gravity Formula Code"; if this code is not present oglig we defult

to 4. Alternatively, gppend the preferrefield (1-4) to select 1 (Heiskanen 1924), 2 (IGF 1930), 3
(IGF 1967) or 4 (IGF 1980). Select from

—Af1[,field] returnsfaa as stored in the data set [Default]. Optionadbts the IGHield to use if
you also hee requesteahgrav as an output column inF.

—-Af2[,field] returns the difference betwegabsandngrav (with optionalfield directive).

Determines hw themag column output is obtained. There may be one ortotal field measure-
ments in the filerGtfl andmtf2), and the colummsensmay state which one is the leading sen-
sor (1 or 2; it may also be undefined). Select from

—Am1 returnsmag as stored in the data set [Default].

—Am?2 returns the difference betweemgfx andigrf, wherex is the leading sensot or 2) indi-
cated by thensensdata field (defaults tt if unspecified).

—Am4 returns the difference betweergfx andigrf, wherex is the sensor2(or 1) notindicated

by themsensdata field (defaults t@ if unspecified).

Append a one-letter code to select the procedure for along-track distance calculatied {see
selecting units):

f Flat Earth distances.

g Great circle distances [Default].

e Geodesic distances on current GMT ellipsoid.

Do not list data collected befostartdate(yyyy-mm-ddr[hh:mm:ss]) [Deault is start of cruise].
Do not list data collected aftetopdatg(yyyy-mm-ddrl [hh:mm:ss]). [Default is end of cruise].

Exact match: Only output records that match all the requested ygécgdhcolumns [Default out-
puts records that matches at least one of the observed columns].

Do not list records beforgtartrec [Default is 0, the first record].
Do not list data aftestoprec [Default is the last record].
Issue a header record with names for each data field.

Ignore certain data file formats from consideration. Appefaft to ignore MGD77 ASCII,
MGD77+ netCDF or pain tab-separated ASCII table files, respatyi The option may be
repreated to ignore more than one format. [Default ignores none].

Apply optimal corrections to columns where such corrections\aitalale. Appendthe correc-
tion table to use [Delult uses the correction table mgd77_corrections.d i$M®D77_HOME
directory]. For the format of this file, see CORRECTIONS belo

Issue a multi-segment header record with cruise ID for each cruise.

Appendd for distance ors for speed, then gé the desiredunit ase (meter or m/s)k (km or
km/hr), m (miles or miles/hr), on (nautical miles or knots)[Default is -Ndk —Nse (km and
m/s)].

Specify an accepted rangai(ymaX of azimuths. Recordwhose track azimuth falls outside this
range are ignored [0-360].

Specify an accepted rangmifYymax or justminif there is no upper limit) ofelocities. Records
whose track speed falls outside this range are ignored [0-infinity].

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

Do not list data that are less thstartdistmeter along track from port of departursppendk for
km, m for miles, orn for nautical miles [Default is 0 meters].

Do not list data that are more thstopdistmeters along track from port of departudsppendk
for km, m for miles, orn for nautical miles [Default is end of track].
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-T Turns OFF the otherwise automatic adjustmentadfies based on correction terms that are stored
in the MGD77+ file and used to counteract such things as wrong units used by the source institu-
tion when creating the original MGD77 file from which the MGD77+ filewasrithe option has
no effect on plain MGD77 ASCII files)Appendm or e to limit the option to the MGD77 or
extended columns set only [Default applies to bothl].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Set the weight for these datseight output option must be set . This is useful if the data
are to be processed with the weighteeraging techniques offered pyockmean blockmedian,
andblockmode[1].

-Z Append the sign you want falepth, carter, and msd values belev sea level (-Z- gives regdive
bathymetry) [Default is posite cownl].

-bo Selects binary output mode (single precision; apgefat double precision, or usgD to swap
bytes on output) [Default is ASCII}-H is ignored if-bo is selected.Likewise, string-fields can-
not be selected.

EXAMPLES
To get a (distance, heading, gity, bathymetry) listing from 01010047.mgd77, starting at June 3 1971
20:45 and ending at distance = 5000 km, use the following command:

mgd77list01010047-Dal1971-06-03T20:45Sb5000-Fdist,azim,faa,depth > myfile.d

To make input for blockmean and surface using free-air anomalies from all the cruises listed in the file
cruises.lis, but only the data that are inside the specified area, aadhmaktput binary:

mgd77list‘cat cruises.lis~Flon,lat,faa—R-40/-30/25/35-bo > dlgrav.b

To extract the locations of depths exceeding 9000 meter that were not interpblatéd 1) from all the
cruises listed in the file cruises.lis:

mgd77list‘cat cruises.lis-F"depth, DEPTH>9000,BTC!=1" > really _deep.d

To extract dist, faa, and gravl2_2 from records whose depths are shallower than 3 km and where none of
the requested fields are NaN, from all the MGD77+ netCDF files whose cruise ids are listed in the file
cruises.lis, we try

mgd77list‘cat cruises.lis-E —la —F"dist,faa,grav12_2,depth<3000" > shallow \gia

To extract dist, faa, and gvd2_2 from all the MGD77+ netCDF files whose cruise ids are listed in the file
cruises.lis, but only retne records whose bitflag for faa indicates BAD values, we try

mgd77list‘cat cruises.lis-E —la —F"dist,faa,gravl2_2:+faa" > bad_gra

To autput lon, lat, mag, and faa from all the cruises listed in the file cruises.lis, but recalculate sdw
uals based on the latest reference fields, try:

mgd77list‘cat cruises.lis-Flon,lat,mag,faaAf2,4-Am2 > data.d

IGRF
The IGRF calculations are based on a Fortran program written by Susan Macmillan, British Geological
Sunwey, translated to C via f2c by Joaquim Luis, U Algarve, and adapted to GMT-style by Paul Wessel.

IGF
The equations used are reproduced here using coefficients extracted directly from the source code (let us
know if you find errors):
(1) g =978052.0 * [1 + 0.005285 * sin"2(lat) - 7e-6 * sin"2(2*lat) + 27e-6 * cos™2(lat) * cos"2(lon-18)]
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(2) g = 978049.0 * [1 + 0.0052884 * sin"2(lat) - 0.0000059 * sin"2(2*at)]
(3) g = 978031.846 * [1 + 0.0053024 * sin"2(lat) - 0.0000058 * sin"2(2*lat)]
(4) g = 978032.67714 * [(1 + 0.00193185138639 * sin"2(lat)) / sqrt (1 - 0.00669437999013 * sin"2(lat))]

CORRECTIONS
The correction table is an ASCII file with coefficients and parameters needed to carry out corrections.
Comment records beginning with # are a#al. All correction records are of the form

cruiselD observation correction

wherecruiselD is a NGDC prefix,observationis one of the abbreviations for geophysical obetgons
listed under-F above, and correctionconsists of one or moterms that will be summed up and thenb-
tracted from the observation before output. Edetmmust hae this exact syntax:

factorf*[ functiori([ scald(abbre\f-origin]))[" powei]

where terms in braeits are optional (the brackets themselves are not used but regular parentheses must be
used as indicated). No spaces are allowed except beteswa) Thefactor is the amplitude of the basis
function, while the optionalunctioncan be one of sin, cos, oxe The optionakcaleandorigin can be
used to translate thegament (before giving it to the optional function). Thguanentabbrevis one of the
abbreviations for observations listed alm If origin is given as T it means that we should replace it with
the value ofabbrevfor the very first record in the file (this is usually only donetifog). If the first record
entry is NaN we neert origin to zero. Optionally, raise the entire expression to theegi power, before
multiplying by the amplitude. The folaing is an example of ficticious corrections to the cruise 99999999,
implying thedepth should hae the Carter correction remed, faa should hae a Inear trend remaed, the
magnetic anomalynfag) should be corrected by a strange depengemcship heading and latitude, and
gobs reeds to hae 10 mGal added (hencegn as 40):

99999999 depth 1.0*((carter))

999999994a 14.1  le-5*((time-T))

99999999 mag 0.5*cos(0.5*(azim-19))"2 1.0%@(-1e-3(lat))"1.5
99999999 gobs -10

SEE ALSO
mgd77conveftl), mgd77inf¢l), mgd77mange(1), mgd77trackl)

REFERENCES
Wessel, P., and WWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geopysical Data Exchange Format - "MGD77", s$dp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
IGRF, seehttp://www.ngdc.noaa.gov/IAGA/Vmod/igrf.html
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NAME

mgd77manage — Manage extra columns in MGD77+ files

SYNOPSIS

mgd77manage NGDC-ids [ —A[+]alc|d|D|elgfijn|t|Tfileinfo ] [ —Cflgle ] [ —Dabbrewvi,abbe2,... ] [
—-Eempty] [ —-labbrevnaméunit/t/scaldoffsetcommeni [ -Nelk|m|n ][ —Q[b|c|l|n][[/]threshold ][ -V ] [
-bi[gS|d|D[ncoll|c[varl..]] ]

DESCRIPTION
mgd77managedeals with maintaining extra custom columns in MGD77+ netCDF fi¥esL can either
delete one or more columns, add avrelumn, update an existing column witlwndata, or supply error
correction information (*.e77 files)New data may come from a table (ASCII unlessis used), be based
on existing columns and certain theoreticapressions, or themay be obtained by sampling a grid
(choose between GMT grid or a Sandwell/Smith Mercator *.img grid) along tiEto&.nev data will be
appended to the MGD77+ file in the form of adtr@ data column of specified type. The data file will be
modified; no ne file will be created.For the big issues, see the DISCUSSION sectiornvibelo

NGDC-ids

OPTIONS

Can be one or more of &kinds of specifiers:

1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.

2) 2-character <agency> codes which will return all cruises from eachyagenc

3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.

4) =<list>, where <list> is a table with NGDC IDs, one per line.

5) If nothing is specified we return all cruises in the data base.

(See mgd77infe-F for ageng and vessel codes). The ".mgd77" or ".nc" extensions will automat-
ically be appended, if needed (udeto ignore certain file types)Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will default to
$GMT_SHAREDIR /mgd77].

No space between the option flag and the associated arguments

-A

GMT 4.3.1

Add a nev data column. If an existing column with the same abbreviation already exists in the file
we will cowardly refuse to update the file. Specifyiré\+ overcomes this reluctance (Mever,
sometimes an existing column cannot be upgraded without first deleting it; if so you will be
warned). Seleca column source code amomgc, d, D, e, g, i, n, t, or T; detailed descriptions for
each choice follow:

a Append filename of a single column table to aBidle must hae the same number of rows as
the MGD77+ file. If no file is gien we read from stdin instead.

¢ Create a n& column that dexies from existing data or formulas for corrections and reference
fields. Append for the Carter corrections subtracted from uncorrected deptbsthe IGF gra-

ity reference field (a.k.a "normal gity"), m for the IGRF total field magnetic reference field, and

r for recomputed magnetic anomaly (append 1 or 2 to specify which total field column to use [1]).
For gravity we choose the reference field based on the parameter Gravity Theoretioald-
Code in the cruise’MGD77 header If this is not set or is i@lid we default to the IGF 1980.

You can override this behaiour by appending the desired code: 1 = Heiskanen 1924, 2 = Interna-
tional 1930, 3 = IGF1967, or 4 = IGF1980.

d Append filename of a two-column table with the first column holding distances along track and
the second column holding datalwes. Ifno file is given we read from stdin insteadRecords

with matching distances in the MGD77+ file will be assigned thxevagues; at other distances we

set them to NaNAlternatively, give upper cas® instead and we will interpolate the column at all
record distancesSee—N for chosing distance units ardC for chosing hw distances are calcu-
lated.
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e Expects to find an e77 error/correction log fromgd77sniffer with the nameNGDC _ID.e77 in

the current directory or in $SMGD77_HOME/ET77; this file will examined and used te madiifi-

cations to the header values, specify a systematic correction for certain columns (such as scale and
offset), and add or update the special coldi@gwhich may hold bitflags (0 = GOOD, 1 -AB)

for each data field in the standard MGD77 data #ely fixed correction terms found (such as
needing to scale a field by 0.1 or 10 because the sourceyagedcincorrect units) will be written

as attrilutes to the netCDF MGD77+ file and applied when the data are reaagdhy7list
Emphemeral corrections such as those determined by eeospalysis are not kept in the data
files but reside in correction tables (sagd77list for details). By default, the first character of
each header line in the e77 file (which is ?, Y or N) will be consulted to see if the corresponding
adjustment should be applietf.any undecided settings are found (i.i, ?) we will abort andenak

no changes. Only records marked Y will be porces¥ed.can override this behavior by append-

ing one or more modifiers to thde commandh will ignore all header correctionswill ignore

all fixed systematic trend correctioms,v, and s will ignore bitflags pertaining to r&yation, data
values, and data slopes, respeddi. Use—A+e to replace apexisting E77 corrections in the file

with the nev values.

g Sample a GMT geographic (lon, lat) grid along the tragkrgby the MGD77+ file using bicu-
bic interpolation (howeer, s2e—-Q). Appendname of a GMT grid file.

i Sample a Sandwell/Smith Mercator *.img grid along the tractngby the MGD77+ file using
bicubic interpolation (hoever, s2se—-Q). Appendthe gridded data scale (typically 1 or 0.1), the
IMG file mode (0-3), and finally the img grid flenam&he modes stand for the following: (0)

Img files with no constraint code, returns data at all points, (1) Img file with constraints coded,
return data at all points, (2) Img file with constraints coded, return data only at constrained points
and NaN elsewhere, and (3) Img file with constraints coded, return 1 at constraints and O else-
where.

n Append filename of a two-column table with the first column holding the record number (0 to
nrows - 1) and the second column holding daditues. Ifno file is gven we read from stdin
instead. Recordwsith matching record numbers in the MGD77+ file will be assigned tivevak

ues; at other records we set them to NaN.

t Append filename of a twvcolumn table with the first column holding absolute times along track
and the second column holding datues. Ifno file is gven we rad from stdin instead.
Records with matching times in the MGD77+ file will be assigned thevatues; at other times
we set them to NaNAlternatively, give upper casd instead and we will interpolate the column
at all record times.

-C Append a one-letter code to select the procedure for along-track distance calculation when using
—Ad|D (see—N for selecting distance units):
f Flat Earth distances.
g Great circle distances [Default].
e Geodesic distances on current GMT ellipsoid.

-D Give a omma-separated list of column abbreviations that you want to delete from the MGD77+
files. DoNOT use this option to renve wlumns that you are replacing withmeata (use-A+
instead). Becausge cannot remee \ariables from netCDF files we must create & fike with-
out the columns to be delete@nce the file is successfully created we temporarily rename the old
file, change the mefilename to the old filename, and finally remdhe old, renamed file.

-E Give a ingle character that will be repeated to fill empty strinlyes, e.g., '9’ will yield a string
like "99999..." [9].

= In addition to file information we must specify additional information about the extra column.
Specify a short (16 char or less, usingdo case letters, digits, or underscores only) atddien
for the selected data, its more descviptieme, the data unit, the data type 1-character dnde,(
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short, float, int, double, ortext) you want used for storage in the netCDF filg;, stale and dset

we should apply to the data to neatkem fit inside the range implied by the chosen storage type,
and a general comment (< 128 characteigxrding what these data represeNote: If text data

type is selected then the terms "values" in-tAediscussion refer to your text datkurthermore,

the discussion on interpolation does not apply and the MM Yecomes a "no string" value (see

—-E for what this is). Place quotes around terms with more than one word (e.g., "Corrected
Depth").

-N Specify the distance unit used when usi#gl|D by appending (meter),k (km), m (miles), orn
(nautical miles). [Default isNk (km)].

-Q Quick mode, use bilinear rather than bicubic interpolation 40igf Alternatvely, select the
interpolation mode by addinig for B-spline smootingg¢ for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally appendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaNalues the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay, etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO will just return the wlue of the nearest node instead of interpolating. This is the
same as usingQn. Only relevant when—Ag|i is selected.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or amgétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be reatlhis applies to the input 1- or 2-column
data files specified under some of th& options. Thebinary input option is only\ailable for
numerical data columns.

EXAMPLES
To gopend Geosat/ERS-1 gravity version 11.2 as an extra data column in the cruises 01010047.nc and
01010008.nc, storing the values as mGal*10 in a 2-byte short intigger

mgd77manage 01010047 01010008 -Ail0/l/gra.11.2.img -lsatgra/'Geosat/ERS-1 gva
ity"/"mGal"/s/10/0/"Sandwell/Smith version 11.2V

To gppend a filtered version of magnetics as an extra data column of type float for the cruise 01010047.nc,
and interpolate the filtered data at the timesrgin the MGD77+ file, try

mgd77manage 01010047 -ATmymag.tm -lIfiltmag/'Intermediate-@vdength magnetic residu-
als"/"nTesla"/f/1/0/"Useful for looking for isochrons¥

To delete the existing extra columns satfaa, coastdist, and satvgg from all MGD77+ files, try
mgd77manag€ecat allmgd77.lis'-Dsatfaa,coastdist,satvgty
To aeate a 4-byte float column with the correct IGRF reference field in all MGD77+ files, try

mgd77managecat allmgd77.lis'-=Acm -ligrf/"IGRF reference field"/"nTesla"/f/1/0/"IGRF version 10 for
1990-2010"-V

DISCUSSION
1. Preamble
The mgd77 supplement is an attempt to (1) impram the limited functionality of the existing mgg supple-
ment, (2) incorporate some of the ideas from Scripps’ gmt+ supplement by allowing extra data columns,
and (3) add ne capabilities for managing marine geggfcal trackline data stored in an architecture-inde-
pendent CF-1.0- and COARDS-compliant netCDF file forniégre are some of the underlying ideas and
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steps you need to tako maintain your files.

2. Introduction

Our starting point is the MGD77 ASCII data files disitdd from NGDC on CD-ROMS, \ID-ROMS,

and via FTP Using Geodas to install the files locally we choose the "Carter corrected depth" option which
will fill in the depth column using the twway traveltimes and the Carter tables if twt is present. This step
yields "5000 individual cruise files. Place these in one or more sub-directories of your choice, list these
sub-directories (one per line) in the file mgd77_paths.txt, and place that file in the directory pointed to by
$MGD77_HOME; if not set this variable defaults $86sMT_SHAREDIR /mgd77.

3. Corversion
Corvert the ASCII MGD77 files to the menetCDF MGD77+ format usingngd77corvert. Typically, you
will make a Ist of all the cruises to be caamted (with or without extension), and you then run

mgd77corvert —Fa -Tc -V —Lwe+ ‘cat cruises.lis’ > log.txt

The verbose settings will ensure that all problems found duringeiion will be reported. The me*.nc

files may also be placed in one or more separate sub-directories and these should also be listed in the
mgd77_paths.txt fileWe suggest you place the directories with *.nc files ahead of the *.mgd77 directories.
When you later want to limit a search to files of a certain extension you should u$@itien.

4. Adding new columns

mgd77managewill allow you to add additional data columns to your *.nc fil@hese can be gthing,

including text strings, but most kky are numerical values sampled along the track from a supplied grid or

an existing column that ke keen filtered or manipulated for a particular purpose. The format supports up

to 32 such extra columnsSee this man page for\Wwao add columns.You may later decide to rerme

some of these columns or update the data associated with a certain column. Data extraction tools such as
mgd77list can be used toxegract a mix of standard MGD77 columns \igg@tion, time, and the usual geo-
physical observations) and your custom columns.

5. Error sources

Before we discuss moto correct errors we will first list the different classes of errors associated with
MGD77 data: (1) Header record errors occur when some of the information fields in the header do not com-
ply with the MGD77 specification or required information is missimgd77corvert will list these errors

when the extended verbose setting is selected. These errors typically dectahafdata and are instead

errors in themeta-data(2) Fixed systematic errors occur when a particular data column, despite the
MGD77 specification, has been encoded incorredthis usually means the data will bé bf a constant

factor such as 10 or 0.1, or in some cases €.8288 which coverts fathoms to meterg3) Unknown sys-

tematic errors occur when the instrument that recorded the data or the processing that followed introduced
signals that appear to be systematic functions of time along track, latitude, heading, or some other combina-
tion of terms that hae a fhysical or logical gplanation. Theséerms may sometimes be resaivby data
analysis techniques such as along-track and across-traskigations, and will result in correction terms

that when applied to the data will remeothese unwanted signals in an optimaleyw Because these correc-

tion terms may change whenweata are considered in their determination, such corrections are consid-
ered to be ephemeral. (4) Individual data points or sequences of data may violate rules such as being out-
side of possible ranges or in other ways violate sahiythermore, sequences of points that may be within

valid ranges may ge fise to data gradients that are unreasonable. The statusrpfpeint can therefore

be determined and thisugs rise to bitflags GOOD or 8D. Our policy is that error sources 1, 2, and 4

will be corrected by suppliying the information as meta-data in theargl&.nc files, whereas the correc-

tions for error source 3 (becauseythéll constantly be impreed) will be maintained in a separate list of
corrections.

6. Finding errors
The mgd77sniffer is a tool that does a thorough along-track sanity check of the original MGD77 ASCII
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files and produces a corresponding *.e77 error log. All problems found are encoded in the error log, and
recommended fixed correction terms anegj if needed. An analyst manify that the suggested correc-

tions are indeedalid (we only want to correct truly obvious unit errors), edit these error logs and modify
such correction terms and aete them by changing the regmt code ey (seemgd77sniffer for more

details). mgd77managecan ingest these error logs and (1) correct bad header receedshg sugges-

tions in the log, (2) insert scalefedt correction terms to be used when reading certain columns, and (3)
insert ay bit-flags found. Rerun this step if you later find other problems as all E77 settings or flags will
be recreated based on the latest E77 log.

7. Error corrections

The extraction programngd77list allows for corrections to be applied on-the-fly when data are requested.
First, data with BAD bitflags are suppress&econd, data with fixed systematic correction terms are cor
rected accordingly Third, data with ephemeral correction terms wiléahose corrections applied (if a
correction table is suppliedAll of these steps require the presence of thevaetaneta-data and all can be
overruled by the usern addition, users may add their own bitflags as separate data columns and use
mgd77lists logical tests to further dictate which data are suppressed from output.

CREDITS
The IGRF calculations are based on a Fortran program written by Susan Macmillan, British Geological
Sunwey, translated to C via f2c by Joaquim Luis, and adapted to GMT style by Paul Wessel.

SEE ALSO
mgd77conveftl), mgd77lis{1), mgd77inf¢l), mgd77sniffefl) mgd77trackl) x2sys_inif1)

REFERENCES
Wessel, P., and WH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4ethhical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, N/, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mapping Tools Released, EG®ST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. FE Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geophysical Data Exchangarhat - "MGD77", sedttp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
IGRF, seehttp://www.ngdc.noaa.gov/IAGA/Vmod/igrf.html
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NAME

mgd77path — Get full pathname for MGD77 files
SYNOPSIS

mgd77pathNGDC-ids[ -D ][ —lignore] [ -V ]
DESCRIPTION

mgd77path returns the full pathname to one or more MGD77 files. The pathname returned ¥en a gi
cruise may change with time due to reshuffling of disks/subdirectories.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infa-F for ageng and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

OPTIONS
No space between the option flag and the associated arguments.

-D Instead of cruise listings, just shehe directory paths currently used in the search.

= Ignore certain data file formats from consideration. Appefdt to ignore MGD77 ASCII,
MGD77+ netCDF or pain tab-separated ASCII table files, respatyi The option may be
repreated to ignore more than one format. [Default ignores none].

-V Report the total number of cruises found.

EXAMPLES
To abtain pathnames for cruises 01010008 and 01010007, run

mgd77path01010008 01010007

To dbtain pathnames for cruises 01010008 and 01010007, but only if there are MGD77+ version in
netCDF run

mgd77path01010008 01010007la —It
To see the list of actie drectories where MGD77 files might be stored, run

mgd77path -D

SEE ALSO
GMT(1) mgd77inf@1l) mgd77lis{1) mgd77mange(1) mgd77trackl)

REFERENCES
Wessel, P., and WWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
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Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.

The Marine Geopysical Data Exchange Format - "MGD77", s$d://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME
mgd77sniffer — Scan for errors in MGD77 data

SYNOPSIS
mgd77sniffer NGDC-ids[ —Afieldabbev,scaleoffset] [ —Cmaxspd] [ —Dd|elf|limiglv ][r] [ —dfieldab-
breviimggrid,scalemode] [ —Gfieldabbev,grid ] [ —H[i][nred ] [ —IfieldabbevreclrecN][ -K ][ —Lcus-
tom limits file] [ =N ] [ —QI[b|c|l|n][[ /lthreshold ] [ —Rwesteastsouthinorth[r] ][ -Sdigt 1[ -Tgap][ -V
11 -Welglolsitivix ] [ ~bo[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
mgd77sniffer scans old (pre-Y2K) and neformat MGD77 files for errors using point-by-point sanity
checking, along-track detection okaessie dopes, and optional comparison of cruise data with global
gravity and predicted bathymetry grids. Detected data problems are outputdut def verbose descrip-
tions of each detected erraften resulting in multiple messages per scanned record. Data problems are
optionally output {De option) using a computer-parseable format (see E770HRRORMAT description
belov). Default error thresholds are dead from histograms of all MGD77 geophysical data collected
between 1952 and Janug2906. Thresholds are adjustable with teoption.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-F for ageng and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

REQUIREMENTS
The mgd77sniffer links with Generic Mappingdls 4.0 or later along with the supplemental GMT pack-
ages x2sys and mgd77. See http://gmt.soestihedu for GMT details. Grids for comparison with cruise
data may be downloaded via the web.

OPTIONS
-A Apply scale factor and DC adjustment to specified data field. Allows adjustment of cruise data
prior to along-track analysis. CAUTION: data must be thoroughly examined before applying these
global data adjustments. May not be used for multiple cruises.
-C Set maximum ship speed in m/s, or knots witlh option. Ship speeds exceeding 10 m/s ("20
knots) are flagged as excessby default.
-D Suppress default warning output and only dump cruise datdyeow such as values, gradients,

grid-cruise differences, E77 error summaries for each record, re-created MGD77 recorderor snif
limits. Append r to include all records (default omits records whexégai#on errors were
detected).

—-Dd output diferences between cruise and grid data. Requif@soption. Output columns
include:

lat lon dist cruiseZ gridZ dif cruiseZ2 gridZ2 diff2 ...]
Note: grid values are subtracted from cruise data so ayeodftierence implies cruise > gridzor
multiple grid comparisongruiseZ gridZ dif are repeated for each grid comparison in command

line order.

—De output E77 error classification format. Error output Md#id into (1) a header containing
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information globally applicable to the cruise and (2) individual error records summarizing all
errors encountered in each cruise record. mgd#@snifites E77 directly to <ngdc_id.e77> file
handle. Se&77 ERROR FORMAT belawv for additional details.

—Df output delta Z (change in geogysical field) column and delta S (change in distance) for each
geoplysical field. Distance between obsations often differ for different fields depending on
instrument sampling rate, so ds is included for each geophysical atimenOutput columns
include:

d[twt] ds d[depth] ds d[mtfl] ds d[mtf2] ds d[ngd ds d[diur] ds d[msd] ds d[gobs] ds d[eot] ds
d[faa] ds

-DI display mgd77sniér limits. Customize this output to create a custom limits file for-the
option. No additional arguments are required. Output columns include:

fieldabbev mn max maxSlope maxArea
—Dm output MGD77 format records in Y2K-compliant MGD77 format

—Ds output calculated gradients for speed and geophysical fields. Gradients correspond to the gra-
dient type selected in theS option (spatial devatives by default). Output columns include:

speed d[twt] d[depth] d[mtf1] d[mtf2] d[mag] d[diur] d[msd] d[gobs] d[eot] d[faa]
SeeMGD77 FIELD INFO below for field and abbreviations descriptions.

—Dv display values for the twedvposition and geopfsical fields for each MGD77 data record (in
this order):

lat lon twt depth mtfl mtf2 rgadiur msens gobs eot faa

See bela for MGD77 FIELD INFO .

Compare cruise data to the specified grid in Sandwell/Smith Mercator format. Requaiés a v
MGD77 field abbreviation (sedGD77 FIELD INFO below) followed by a comma, the path (if

not in current directory) and grid filename, a scale to multiply the data (1 or 0.1), and mode which
stand for the following: (0) Img files with no constraint code, returns data at all points, (1) Img file
with constraints coded, return data at all points, (2) Img file with constraints coded, return data
only at constrained points and NaN elsewhere, and (3) Img file with constraints coded, return 1 at
constraints and O elsewhere.

Compare cruise data to the specified grid. Requires a valid MGD77 fieldviatibre (see
MGD77 FIELD INFO below) followed by a comma, then the path (if not in current directory)
and grid filename. Multiple grid comparison is supported by using sepsagaie —G calls for
each grid. Se&RID FILE INFO below.

Grid comparison actétes seeral additional error checks. (1) Re-weighted Least SquargeRe

sion of ship ersus grid data determines slope and DC shift, which when differing from expected 1
and 0, respeatély, may indicate incorrectly scaled ship data, including incorrect units or instru-
ment drift as well as erroneous gty tie-in. (2) Accumulated ship grid offsets are computed
along-track andxzessve dfsets are flagged according naxAreathreshold (use-L option to
adjustmaxAred. Warning: predicted bathymetry grids are constrained by cruise data so grids and
cruise data are notvadys independent. Comparison of cruise lpathtry with predicted bayme-

try grids also actiates a "navigation crossingy& land" check.
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-H (with —G|g only) disable (or force) decimation during RLS analysis of ship and gridded Bata.
default mgd77snier analyses both the full and decimated data sets then reports RLS statistics for
the higher correlation regression.

—Hb analyze both (default), report better of two.
—Hd to disable data decimation (egalent to -H with no argument).

—Hf to force data decimation.

= Append a field abbwation and the first and last record in a range of records that should be
flagged as bad (and set to NaN prior to the analysis). Repeat péimmesm as neededMay not be
used for multiple cruises.

-K Reverse naigation quality flags (good to bad and viersa). May be necessary when a majority
of navigation fixes are erroneously flagged bad, which can happen when asditgs@aigation
fix is extremely erroneous. Caution! This will affect sniffer output and should only be attempted
after careful manual navigation rewie

-L Override mgd77sniffer dafilt error detection limits. Supply path and filename to the custom lim-
its file. Rows not beginning with aalid MGD77 field abbreviation are ignored. Field abiae
tions are listed belw in exact form under MGD77 FIELD INFO. Multiple field limits may be
modified using one default file, one field per lifgeld min, max, max slope and max area may
be changed for each field. Max slope pertains to the gradient type selected usiSgtion.

Max area is used by theG option as the threshold for flaggingcessie dfsets from the speci-
fied grid. Dump defaultsDI to view syntax or to quickly create an editable custom limits file.

Example custom default file contents (see Wwdlar units):
# abbrer mink max maxSlope maxArea

twt 0 15 1 O

depth 0 11000 5005000

mag -800 800 - -

faa -300 300 100 2500

Use a dash -’ to retain a default limit. Hint: to test your custom limits, try: mgd7&sriDI
—L <yourlimitsfile>

-N Use nautical units.

-P Flag regression statistics that are outside the specified confidedceg(ile.,-P5 flags coditients
m, b, rms, and r that fall outside 95%.)

-Q Quick mode, use bilinear rather than bicubic interpolation 40igf Alternatvely, select the
interpolation mode by addinig for B-spline smootingg¢ for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally appendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaN values the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay, etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO0 will just return the wlue of the nearest node instead of interpolating. This is the
same as usingQn.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude).

-S Specify gradient type for along-track excessdope checking.
—Sd Calculate change in z values along track (dz). Outputvéngn geoplysical units, e.g. mGal.
—Ss Calculate spatial gradients (dz/ds). Output igegiin geoplysical units per km along the
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suney track, e.g. mGal/km.
—St Calculate time gradients (dz/dfflefault]. Output is gien in geoplysical units per second
along the sumy tack, e.g. mGal/sec.

-T Adjusts mgd77sniffer gap handling. By default, data gaps greater than 5 km are skipped. Set to
zero to de-actete gap skipping.

-W Print out only certain warning types for verbose error messages. Comma dejimoharination
of c|g|o|s|tlv|xwhere €) type code warningsg)radient out of rangepjffsets from grid (requires
-Glg), (9)peed out of ranget)(me warnings, f)alue out of range xj warning summaries. By
default ALL warning messages are printed.Not compatible with-Bngptions.

-V runs in verbose mode.
-b output binary data forDd|f|s|v option.Appends for single andd for double precision [Default
is double].

MGD77 FIELD INFO
Field Abbevation Units
Two-way Travel Time  twt sec
Corrected Depth  depth m
Mag Total Fieldl — mtfl nT
Mag Total Field2  mtf2 nT
Residual Magnetic mag nT
Diurnal Correction diur nT
Mag Sensor Depth/Alt msens m
Observed Gnaty gobs mGal
Eotvos Correction eot mGal
Free Air Anomaly faa mGal

GRID FILE INFO
For —g the grids must be in the format used by Sandwell & Smith, which is a spherical Mercator 2-byte grid
with no header For —G the grid files can be of gryrid type supported by GMT and therefore must contain
a GMT header A correctly formatted *.i2 grid file can be generated using grdraster as shown belo

gmtset GRIDFILE_SHORTHAND TRUE

Create/edit .gmt_io file to include the following rows:
# GMT 1/O shorthand file

# auffix format_idscale ofset  NaN

grd o - - -

i2 2 - - 32767

grdraster 1 -R0/359:55/-90/90 -Getopo5_hdr.i2

The nev grid, etopo5_hdr.i2 in this example, contains a GMT header and can be used@ dpéon to
compare cruise depth with grid values.

E77 ERROR FORMAT
Header
Information pertaining to an entire cruise, such as NGDC anckeyunstitution identification
codes, cruisex@amination time, tw-way travel time corrector information, data precisiorann-
ings, as well as systematic scales, DC shifts and correlation coefficients from global grid- compar
isons are reported as E77 header information.

Sample

# Cruise 08010039 ID 74010908 MGD77 FILE VERSION: 19801230 N_RECS: 3066
# Examined: Wed Oc8 16:30:13 2007 by mtchandl

# Arguments: -DeGdepth,/data/GRIDS/etopo5_hdr.i2
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N Errata table verification status

# mgd77manage applies corrections if the errata tablernsied (toggle 'N’ abwe 0 'Y’ after
review)

# For instructions on E77 format and usage, see http://gmt.soeait.adu/mgd77/errata.php

# Verified by:

# Comments:

# Errata: Header

Y-E-08010039-H13-02: iralid Magnetics Sampling Rate: (99) [ ]

Y-W-08010039-H13-10: Suey year (1975) outside magnetic reference field IGRF 1965 time
range (1965-1970)

Y-1-08010039-depth-00: RLS m: 1.00053 b: 0 rms: 127.851 r: 0.973422 significant: 1 decimation:
0

Y-W-08010039-twt-09: More recent bathymetry correction taidéadle

Y-W-08010039-mtf1-10: Integer precision

Y-W-08010039-mag-10: Integer precision

Error Record

Individual error records wva drict format. Included is a time or distance column followed by
record numbera formatted error code string, and finally a verbose description of errors detected in
the record. Three error classes are encoded into the error code string feigntiflphabetic
characters representing unique error types. Sewlbetcerror code format description.

Format
<time/distance> <record number> <error code string> <description>

Sample
# Errata: Data
Y 08010039 1975-05-10T22:16:05.8834 C-0-0 NAV: excessve peed

Error Code Description

GMT 4.3.1

Each of the three error classes is separated by a dash -’ and described by a combination of alpha-
betic characters or 0 signifying no detected problems.

Error classes: AV-VAL-GRAD

Error Class Descriptions
NAV (navigation):

0 - fine

A - time out of range

B - time decreasing

C - excessie peed

D - above ®a level

E - lat undefined

F - lon undefined

VAL (vaue):

0 - fine

K - twt invalid
L - depth irvalid
O - mtfl invalid
etc.

GRAD (gradient):
0 - fine
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K - d[twt] excessie

L - d[depth] excesse
O - dmtfl] excessie
etc.

The NAV error class has unique cases while VAL and GRAD classes are described by alphabetic
characters for each of the 24 numeric fields in MGD77 format order.

MGD77 bit-pattern w/ E77 alpha characters

| I |
IXWVUTSRQPONMLKJIHGFEDCBA|E7 Code |

| 9
[Infegmdmmmmbbdtplimhdmytd|F I]
|lgaoosisatttcewtoaioaoezr|i D|
|[catbduegffccptcntnuyna tje |
| srn 21 t rtr |l |
| s h h |d |
R LR |----1
|[00000000000000000000000 0it Blace|
|-GCGCC-GGG--GG---TTTTT--|Btype |

| I |
Bit types: (G)eophysical, (C)orrection, (T)ime

EXAMPLES
To scan for excesse \values or gradients, try

mgd77sniffer 08010001
To dump cruise gradients, try
mgd77sniffer 08010001 -Ds

To compare cruise depth with ETOPOS5 bathymetry and gravity with Sandwell/Smith 2 min gexgitynv
11, try

mgd77sniffer 08010001-Gdepth,/data/GRIDS/etopo5 _hdrigfaa,/data/GRIDS/grall.2.img,0.1,1

SEE ALSO
mgd77lis{1), mgd77trackl) x2sys_inif1)

REFERENCES
The Marine Geophysical Data Exchangarhat - "MGD77", sedttp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt

Wessel, P., and WH. F. Snith, 2006, The Generic Mapping Tools (GMT) version 4.1.1 Technical Refer
ence & Cookbook, SOEST/NOAA.
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NAME
mgd77track — A shiptrack plotting program

SYNOPSIS
mgd77track NGDC-ids—Rwesteastsouthinorth[r] —Jparameterd —A[c][sizd ] [ —B[p|s]parameterqd [
—Clgle] [ —Dastartdate] [ -Dbstopdate] [ —=F ] [ —lignore] [ =K ] [ —Ltrackticks] [ -O][ =P ][ —Sas-
tartdisfu] ] [ —Sbstopdisfu] ][ =TT [tjJdms,mc,mfs,mf,mid —U[justdx/dy/][c|labell ][ -V ][ -Wpen] [
=X[alclr][x-shif{u]] ] [ -Y[alc|r][y-shif{u]] ] [ —ccopies]

DESCRIPTION
mgd77track reads NGDC MGD77 cruises and creaRestScriptcode that will plot one or more ship
tracks on a map using the specified projection. HdstScriptcode is written to standard output.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-F for ageng and vessel codes). The ".mgd77" or ".nc" extensions will automat-
ically be appended, if needed (udeto ignore certain file types)Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will default to
$GMT_SHAREDIR /mgd77].

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendig, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range eR option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flatO/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-=Jo[b]lon0/lat0/lon1/latl/scal€Oblique Mercator - tw points)
—Jodon0/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
—Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=JllonO/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:
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OPTIONS

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—-Jglon0/latq/horizori/scale(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/latd/horizor[/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

No space between the option flag and the associated arguments.

-A

GMT 4.3.1

Annotate each tpevery time it enters the plot. Appercto annotate using the MGD77 cruise ID
[Default uses the filename prefixPptionalsizeis the font size in pointsThe leg annotation font
is controlled byLABEL_FONT .

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Select procedure for along-track distance calculation:
f Flat Earth distances.
g Great circle distances [Default].
e Geodesic distances on current GMT ellipsoid.

Do not plot data collected befostartdate(yyyy-mm-ddr [hh:mm:ss]) [Dedult is first day].
Do not plot data collected aftstopdatgyyyy-mm-ddr [hh:mm:ss]). [Default is last day].

Do not apply the error bit flags if present in a MGD77+ file [Default will apply these flags upon
reading the data].

Ignore certain data file formats from consideration. Appefdft to ignore MGD77 ASCII,
MGD77+ netCDFor pain table files, respeetly. The option may be repreated to ignore more
than one format. [Default ignores none].

More PostScriptcode will be appended later [Default terminates the plot system].

To put time/distance log-marks on the track. EB§0ka24ht6h means §)nnotate eery 500 km
(k) and 24h(ours), with f)ickmarks @ery 500 km and 6 hoursAlternatively you may use the
modifiersd (days) and (nautical miles).

Selects Overlay plot mode [Default initializes avrot system].
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-P Selects Portrait plotting mode [Default is Landscapegsaeefaultsto change this].

-Sa Do not plot data that are less thatartdistmeter along track from port of departurdppendk for
km, m for miles, orn for nautical miles [Default is 0 meters].

-Sb Do not plot data that are more thstopdistmeter along track from port of departur&ppendk
for km, m for miles, orn for nautical miles [Default is end of track].

-T Controlls the attributes of the three kinds of markérfo¢ the first time marker in a meday, t for
additional time markers in the same dayd d for distance mawss). For each of these you can
specify the 5 comma-separated atttés markersize markercolor markerfontsize markerfont
andmarkerfontcolor Repeat the-T option for each marker type.

-U Draw Unix System time stamp on plot. By addijugt/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp shoalldoih the page relat © lower left corner of the
plot. For example, BL/0/0 will align the lower left corner of the time stamp with the lower left
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parametersgJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see timtdefaults man page for detailsThe time string will be in the locale set
by the environment variablEZ (generally local time).

-W Appendpenused for the trackline. [Default is 0.25p,black]. [Default is solid].

—X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page

size.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
—-C Specifies the number of plot copies. [Default is 1].

EXAMPLES
To generate a Mercator plot of the track of the cruise 01010007 in the area 70W to 20E, 40S to 20N, using
a Mercator scale of 0.linch/geee, label the tracks with 10 points characters, annotate the boundenyes e
10 degrees, dvagridlines erery 5 degrees, and mark the tracieey day and 1000 km, with ticksvery 6
hours and 250 km, and send the plot to the default premter the following command:

mgd77track 01010007~R70W/20E/40S/20N-Jm0.1-B10g5 ~A10-Laldal000kf6hf250k | Ipr

SEE ALSO
mgd77infd¢l), psbasemafd) mgd77lis{1)

REFERENCES
Wessel, P., and WH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4ethhical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mapping Tools Released, EG®ST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. FE Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geophysical Data Exchangarhat - "MGD77", sedttp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME
binlegs — Maintain th&MT index files for mgg supplement

SYNOPSIS
binlegsleglistfile[ -R ][ -D ][ - Ppath] [ -V ]

DESCRIPTION
binlegs will make changes to thengg supplement data base filget_legs.candgmt_index.lor the leys
listed in theleglistfile Normally, only the data archivist will need to be concerned with these operations.

leglistfile
Contains the list of legs to be worked on.

OPTIONS
No space between the option flag and the associated arguments

-R Replace the current information if aldready is in the system. [Default is append].
-D Delete information for these legs from the systemrfides.

-P Set the path to where thgmt_legs.d and gmt_index.b files reside. [Default is the
$GMT_SHAREDIR /mgg directory].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To add nev cruises to the system:

binlegsnewlegs.lis-V —P/ustr/lib/gmt
To remove bad legs from the system:

binlegsbadlegs.lis-D -V —Plusr/lib/gmt

SEE ALSO
GMT(1), gmtleg¢l), gmt2bir(1)

REFERENCES
Wessel, P., and WWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
dat2gmt — Cowert an ASCI| file to a binary gmt file

SYNOPSIS
dat2gmt gmtfile

DESCRIPTION
dat2gmt reads an ASCII version of a gmt file (madegmt2dat) from standard input and creates a binary
gmt file.

EXAMPLES
To aeate a gmt file from the ASCII file c2104_fixed.ascii, run

dat2gmt c2104.gmt < ¢c2104 _fixed.ascii

SEE ALSO
gmt2dafl), GMT(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4ethhical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, N/, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mapping Tools Released, EG®ST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. FE Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmt2bin — Create bin-inaefiles from gmt files

SYNOPSIS
gmt2bin listfile [ -Ppath] [ -V ]

DESCRIPTION
gmt2bin reads a file with a list of ¢eids, opens each gmt file, and creates a binxiffidie for each Ig
called <lgyid>.bix. Theseare used byinlegsto update the system files readdmtlegs Normally, only
the data archivist will need to be concerned with these operations.

listfile This is a one column ASCII file with oneglé pr line.

OPTIONS

-P Sets full path to directory with gmtfiles. [Default is current directory].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
SEE ALSO

binlegg1), dat2gm{1), GMT(1)
REFERENCES

Wessel, P., and WWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.

Wessel, P., and WH. F. Snith, 1998, Nw, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.

Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.

Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.

Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmt2dat — Cowert a binary gmt file to an ASCII file

SYNOPSIS
gmt2dat gmtfile

DESCRIPTION
gmt2dat reads a <lgid>.gmt file and corerts it to a regular ASCII text file that can be edited using the
text editor The ASCII text is sent to standard output and can be redirected to a file/programéicinter

EXAMPLES
To cornvert c2104.gmt to ASCII:

gmt2dat c2104.gmt > c2104.ascii

SEE ALSO
dat2gm(1), GMT(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4ethhical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mapping Tools Released, EG®ST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. FE Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmtinfo — Get information about individual cruises

SYNOPSIS
gmtinfo leg-ids

DESCRIPTION
gmtinfo reports the minimum/maximum coordinates, year of the cruigeidlenumber of records, the
number of graity, magnetics, and bagmetry points found, and the start/stop dates for the Ml the
information is written to standard output on one line so that it is easy tsmkst® add up numbers etc.

leg-ids Can be one or more gmtleg-namese IR610. Us€cat list_of legs' to pass all the legnames in
the file list_of legs.

EXAMPLES
To dbtain information about cruises c2603 and v2819, run

gmtinfo ¢2603 v2819 > info_file

SEE ALSO
GMT(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4ethhical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, N/, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mapping Tools Released, EG®ST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. FE Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME

gmtlegs - Find cruises in avgh regon

SYNOPSIS

gmtlegs —Rwesteastsouthinorth[r][ -G][-M ][ -T]1[-L ][ -V]

DESCRIPTION

gmtlegswill report the name of all the cruises that happened to be wholly or partially inside the specified
region. As an option, only those cruises that collected a certain type of data can be reported.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

OPTIONS

No space between the option flag and the associated arguments
-G Report cruises that collected Gravity data. [Default isdata].
-M Report cruises that collected Magnetics. [Default isdatal).
-T Report cruises that collected Topogradbefault is ay data].

-L Long output, i.e. cruisenames and data typeiadle. [Default is cruisenames only].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To find all cruises around Maii that collected gravity and topography:
gmtlegs —R162/-152/18/25-G -T > hawai_gt.legs
To find all cruises with magnetics:

gmtlegs —R0/360/-90/90-M > dl_m.legs

SEE ALSO

GMT(1), gmt2bin(1), binlegg1)

REFERENCES

Wessel, P., and VWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.

Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.

Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.

Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.

Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmtlist — A data-extractor for <legid>.gmt files

SYNOPSIS
gmtlist leg-ids[ —Ccorrectionfile] [ —Dastartdate] [ —Dbstopdate] [ —Fflags] [ -G ][ —H[i][nred ] [
—Rwesteastsouthinorth[r] ] [ -Sestartdist ]| [ -Shbstopdist ]| [ -V ] [ —-Wweight ] |
—-bo[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
gmtlist reads <lgid>.gmt files and produces an ASCII [or binary] table. The <legid>.gmt files contain
time(s), latitudeg), longitudek), gravity(g/G), magneticst/M), and bathmetry{/T), and the user may
extract aly combination of these 6 parameters + distatizd{eading lf), velocity ), and weight\{, see
-W). A sub-section can be specified by passing time- or distancealsteong track or by selecting a
region.
leg-ids Can be one or more cruisenamesgiVe a list of names, use ‘cat list_of legs'.

OPTIONS
No space between the option flag and the associated arguments

-C Apply crosseer Corrections to the data. If no correction file igegi, gmtlist reads the default eor
rection file. (SeXSYSTEM for how to set up your own correction file).

—-Da Do not list data collected befostartdate(mm/dd/yyyy/hh:mm) [Dedult is first day].
-Db Do not list data collected aftstopdatgmm/dd/yyyy/hh:mm). [Default is last day].

-F Can be ayp combination ofsyxgmtdhv to indicate the desired output data. The data will appear in
the order indicated by flags. G, M, or T is substituted fog, m, t, only records that hee that
combination of data are written outslis followed byc (calendar), then yyyy/mm/dd/hh/mm/ss is
written out, ifsis followed byj (julian), then yyyy/jd/hh/mm/ss is written ouDefault is seconds
from start of year.

-G Force Geographical longitudes (-180/+180) rather than geodetic (0-360) [Default].
-H Issue a header record with names for each data field.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude).

-Sa Do not list data that are less thatartdistkm along track from port of departure. [Default is 0].

-Sb Do not list data that are more thatopdistkm along track from port of departure. [Default is
length of track].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Set the weight for these datseight output option must be set . This is useful if the data
are to be processed with the weighteeraging techniques offered pyockmean blockmedian,
andblockmode

-b Selects binary output mode (in double precision) [Default is ASCIH. is ignored if-b is
selected. Juliaand calendar dates are not supported for binary time output (i.e., you get seconds
from start of year).

EXAMPLES
To get a (distance, heading, crogaecorrected graty, bathymetry) listing from c2104.gmt, starting at
June 3 1971 20:45 and ending at distance = 5000 km, use the following command:
gmtlist c2104-Da6/3/1971/20:45-Sh5000—-Fdhgt-C > myfile

To make input forblockmean andsurface using all the cruises listed in the file gmt.list, but only the data
that are inside the specified area, andevalkput binary:
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gmtlist ‘cat gmt.list' -Fxyg —R-40/-30/25/35-b > dlgrav.xyg

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, P., and WH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4ethhical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mapping Tools Released, EG®ST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. FE Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmtpath — Get full pathname for gmt files

SYNOPSIS
gmtpath leg-ids

DESCRIPTION
gmtpath returns the full pathname to one or more gmt-files. The pathname returnedvien ergise may
change with time due to reshuffling of disks/subdirectories.

leg-ids Can be one or more gmtleg-namese I@610. Us€cat list_of legs' to pass all thegeames in
the file list_of legs.

EXAMPLES
To abtain pathnames for cruises ¢2603 and v2819, run

gmtpath c2603 v2819

SEE ALSO
GMT(1)

REFERENCES
Wessel, P., and WWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.

GMT 4.3.1 15 May 2008 1



GMTTRACK(1) GeneridViapping Tools GMTTRACK(1)

NAME
gmttrack — A shiptrack plotting program

SYNOPSIS
gmttrack leg-ids —Rwesteastsouthinorth[r] —Jparameters[ —B[p|s]parameters] [ —Mtrackticks ] [
-Whperired/green/blufOA] ] [ -A[sizd ][ -K ][ -O ][ -P ][ —-Uljustdxdy][cllabel] 1[ -V ][
=X[alclr][x-shif{u]] ] [ -Y[alclr][y-shif{u]] ] [ —ccopies]

DESCRIPTION
gmttrack reads gmt cruises and creaRsstScriptcode that will plot one or more ship tracks on a map
using the specified projection. TRestScriptcode is written to standard output.

leg-ids Can be one or more gmtleg-namesg liR104 v3206 etc.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendimg, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flatO/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lonl/latl/scal€Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—JglonO/latq/horizori/scale(Orthographic)
-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/lat(d/horizor][/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:
-Jh[lon0/|scale(Hammer)

=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
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-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

OPTIONS
No space between the option flag and the associated arguments.
-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.
-A Annotate each tpevery time it enters the plot. Optionsizeis character size in points.

-Da Do not plot data collected befostartdate(mm/dd/yyyy/hh:mm) [Dedult is first day].
-Db Do not plot data collected aftstopdatg(mm/dd/yyyy/hh:mm). [Default is last day].
-K More PostScriptcode will be appended later [Default terminates the plot system].

-M To put time/distance Marks on the track. Ea§0ka24ht6h means §)nnotate gery 500 km k)
and 24h(ours), with f)ickmarks @ery 500 km and 6 hours.

-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mode [Default is Landscapegsaeefaultsto change this].
-Sa Do not plot data that are less tratartdistkm along track from port of departure. [Default is 0].

-Sb Do not plot data that are more thstopdistkm along track from port of departure. [Default is
length of track].

-U Draw Unix System time stamp on ploBy addingjust/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp should fall on the pageedtatower left corner of the
plot. For example, BL/0/0 will align the lower left corner of the time stamp with therddeft
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parametersJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see timtdefaults man page for details. The time string will be in the locale set
by the environment variablEZ (generally local time).

-W penis thickness of the trackline. [Daflt is 1]. Optionally specify the rgb combination to obtain a
colored trackline [Default is black]. Appemdor dotted line,a for dashed. [Dedult is solid].

—X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default x-shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5cAlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page

size.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
—-C Specifies the number of plot copies. [Default is 1].
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EXAMPLES
To generate a Mercator plot of the track of cruises C2610 and V1512 in the area 150E to 154E, 18N to
23N, using a Mercator scale of 1.5inchydee, label the tracks with 10 points characters, annotate the
boundarieseery degree, and dvagridlines every 30 minutes, and send the plot to theadéfprinter enter
the following command:

gmttrack ¢2610 v1512-R150/154/18/23-Jm1.5-B1g30m —-A10 | Ipr

SEE ALSO
GMT(1), pshasemafd)

REFERENCES
Wessel, P., and WH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4ethhical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, N/, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mapping Tools Released, EG®ST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. FE Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.

GMT 4.3.1 15 May 2008 3



MDG77TOGMT(1) GeneridMapping Tools MDG77TOGMT(1)

NAME
mgd77togmt — Corert an MGD-77 ASCII file to a binary gmt file
SYNOPSIS
mgd77togmt[ —Llist ][ mgd77file] —Flegid -Ystart_year —Ainformation] [ —Itime_incremen}[ -V ]
DESCRIPTION
mgd77togmtreads an ASCIl MGD-77 format file [or standard input] and creates a binary gnitHiel6
header records specified in the MGD-77 documentation may or may not be preserd-wHytiravel

times are wailable, mgd77togmtwill convert those to corrected depths using the Carter tali3esh old
and nev (Y2K-compliant) MGD-77 files are supported.

-L Name of file with seeral records of the formahgd77file lgid start_year For multiple files, use
this option rather than the- =Y combination.

-F Leg id that will be used in file naméegid.gmt).
-Y The year of the first data point in the file.

OPTIONS
No space between the option flag and the associated arguments.

-A Set an optional 10 character information string to be stored in the header [Default is blank].
= Used for files where time is missing. The increment is used to calculaténfisls.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To areate a gmt file from the ASCII file c2104.mgd77, run

mgd77togmtc2104.mgd77#Y1977-Fc2104
To areate nev gmt files from all the mgd77 files listed list.d:

mgd77togmt -Llist.d -V

SEE ALSO
dat2gm{1), GMT(1)

REFERENCES
Wessel, P., and WWH. F. Snith, 2005, The Generic Mapping Tools (GMT) version 4.1 Technical Reference
& Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nev Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.

MGD77 Task Group, 1977, The Marine Geophysical Data Exchaogeaf - MGD77, Ky b Geophysi-
cal Records documentation No. 10, National Geophysical and Solar-Terrestrial DataEemhter CO.

Carter D. J. T, Echo Sounding Cogaction Tables: Formerly Matthewsalfles 150 pp, Hydrographic
Department, Ministry of Defense, Taunton, Somerset, England, 1980.
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NAME

gmtdigitize — Digitizing and Imerse map transformation of map x/y coordinates

SYNOPSIS

gmtdigitize —Jparameters-Rwesteastsouthinorth[r] [ —A ][ —Cdevice] [ —=Dlimit ][ —=F ][ —H[i][nreq ]
[ -Llpi [ -M[flag ][ -Nnamesterh[ —=S][ -V ][ —=Zk|v ][ —bo[s|S|d|D[ncol||c[vard/..]] ] [ > output.d ]

DESCRIPTION

gmtdigitize digitizes points from a digitizer via a serial line connection and computes map coordinates

using the specified map projection. The program is intematid will take you through the setup proce-

dure and ha you will digitize points. The program will determine the actual map scale as well as rotation

of the paper that is taped to the digitizer table. By default the output will go to stdout.

No space between the option flag and the associagedhants. Useipper case for the option

flags and lower case for modifiers.

-J

GMT 4.3.1

Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-

fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendimg, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range eR option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flat0/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—Jelon0/latJ/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—-Jglon0/latq/horizori/scale(Orthographic)
-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-JdonO/lat(d/horizor][/slaf]/scale(General Stereographic)
MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
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=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)
For geographic projections you carvgil & the scale will be solved for anyway.

-R xmin, xmax ymin, and ymaxspecify the Region of interesEor geographic rgions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimal degrees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).For calendar time coordinates you
may either gie @) relatve tme (relatve o the selectedlIME_EPOCH and in the selected
TIME_UNIT ; appendt to —JX|x), or (b) absolute time of the fornddtg T[clocK (appendT to
-JX|x). At least one oflateandclock must be present; theis aways required. The datestring
must be of the form [-lyyyy[-mm[-dd]] (Ggorian calendar) or yyyy[-Www[-d]] (ISO week cal-
endar), while thelockstring must be of the form hh:mm:ss[.xxxThe use of delimiters and their
type and positions must be exactly as indicategvéaer, input, output and plot formats are cus-
tomizable; segmtdefaults).

OPTIONS

-A Give an audible signal each time the digitizer mouse/puck is clicked [Default is silent].

-C Specify the device (port) to read from [Default is /dev/ttyS0].

-D Only output a point if it is further thaimit units from the previous pointAppendc, i, m, pfor
cm, inch, meteror point, respectiely [Default is no limit].

-F Force the program to ask for 4 arbitrary calibration points §Difis to use the 4 corners of the
map, if possible].

-H This option allows you to write out smumber of header records to the beginning of the output

file. Eachrecord will automatically start with a #-character to indicate comntdaeaders are not
written if multiple output files are selected witNl —M.

-L Set the digitizer table resolution in lines per inch [2540].

-M Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and—-Mo to give eparate settings.

-N Set name for output file(s). If a regular filename i&mi then all digitized data will be written to
that file. If the file contains a C-format for an ig¢e (i.e., %d) then the file is used as a format
statement to create unique filenames based on the current segment number (e.g., line_%d.d will
yield files line_0.d, line_1.d, etc). By default, all output is written to stdout. Multigdensat
files requires specifying theM option.

-S Suppress points that fall outside the specified map region [Default outputs all points].

-V Selects erbose mode, which will send progress reports to stderr [Default runs "silentlyd].
program will also duplicate data output to stderr for monitoring.

-Z Appendv to prompt for a-value and output it as a third data colundppendk to output the bt-
ton key @ the final data columnBoth —Zk and—Zv can be specified. [Default is just 2 column
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X,y output].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

EXAMPLES

To dgitize lines from a mercator map made for gegiregon, and see each line segment in inddual
files called segment_000,gegnent_001.xy etc, try

gmtdigitize—R20/50/12/25-Jm1:1-M —Nsegment_%3.3d.xy

To dgitize seismically defined interfaces from a multichannel seismic section, with horizontal distances
from 130 to 970, andertical times from 0 to 10 seconds, write out the button code, aeddstine sey-
ment to a single multisegment file, and beep at each click, try

gmtdigitize—R130/970/0/10-Jx1/-1-M —-A -Z > interfaces.d

SYSTEM SETUP
This applies to the Calcomp DrawingBoard Ill hooked up to a RedHat Lirarkstation. V¢ use
/devittySO as the serial port and change permissions so that ibrld vead/write-able. Then, stty -F
/devittySO evenp will set the terminal settings, which can be checked with stty -F /dev/ttySO -a. Setup of
digitizer: We wse the CalComp 2000 ASCII (@a3 setup, which has:
Mode: Point
Baud Rate: 9600
Data Bits: 7
Paity: Even
Data Rate: 125 pps
Resolution: 200 Ipi
Output Format: Format 0
Emulation: CalComp 2000 ASCII
(A)We reed to mak a dight modification to the Preset No 3 settings: (1) 2450 LPI instead of 200, and (2)
None instead of yes for added CRhese modifications can be changed amvedsto Rreset 3 on the digi-
tizer but a power outage may reset in back todlktofy defaults, necessitating a manual reset of thase tw
settings. (B)Setup tty port. stty -F /dev/ttyS@anp (C) Run gmtdigitize. Map scale doesnt matter; it is
computed from the region and plot size.

SEE ALSO
gmtdefaultdl), gmt(l), gmtstitci{l) mapprojecfl) project(l)
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NAME
gmtstitch — Join line segments whose end points match within tolerance

SYNOPSIS
gmtstitc infiles[ —D[templaté ] [ —HJi][nred ] [ —M[i[o][flag] ] [ —Tcutofim|ck|K]11[ =V 11 —:[ilo] ][
=bl[ilo][g|S|d|D[ncolj|c[varl/..]] ] [ —bo[s|S|d|D[ncoll|c[varl/...]] ]

DESCRIPTION
gmtstitch reads one or more data files (which may be multisegment filesjMgeand examines the coor
dinates of the end points of all linegseents. Ifa pair of end points are identical or closer to each other
than the specified separation tolerance then tloeling segments are joined into a singlgreent. The
process repeats until all the remaining endpoints no longer pass the tolerance test; the regukims se
are then written out to standard output.

file(s) One of more data files. If none are supplied then we read standard input.

OPTIONS
-D For multiple segment data, dump eaclg®ent to a separate output file [Default writes a multiple
segment file to stdout].Append a format template for the individual file names; this template
must contain a C format specifier that can format an integer argument (the segment number); this
is usually %d but could be %8.8d whichves leading zeros, etc. [Default is gmtstitchgse
ment_%d.d].

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

-M Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and-Mo to give eparate settings.

-T Specifies the separation tolerance in the data coordinate unit&gpendm or ¢ for minutes or
secondsk for km (implies—fg and use flat Earth approximation,koifor km (implies -fg, and use
exact geodesic distanceH.the current ELLIPSOID is Sphere then spherical great circle distances
are used. If tw lines has endpoints that are closer than this fciltef will be joined.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or amgétite input file is netCDFOptionally,
appendvarl/ivar2l... to specify the variables to be read. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Deilt applies to both]Give acme or more columns (or
column ranges) separated by commAppendT (absolute calendar time)(relative ime in cho-
senTIME_UNIT sinceTIME_EPOCH), x (longitude),y (latitude), orf (floating point) to each
column or column range item. Shorthaff(ijo]g means-f[i|0]0x,1ly (geographic coordinates).

ASCII FORMA T PRECISION
The ASCII output formats of numerical data are controlled by parameters in your .gmtdefaultsdrfile.
gitude and latitude are formatted accordin@tdTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
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output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpubd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To combine the digitized multisegment lines segment_*.d (whose coordinates are in cm) intccasfe
plete lines as possible, assuming the end points slop could be up to 0.1 mm, run
gmtstitch segment_*.d-Tf0.1-M > new_segments.d
To combine the digitized segments in the multisegment file my_lines.d (whose coordinates are in lon,lat)
into as fev complete lines as possible, assuming the end points slop could be up to 150 m, and write the
complete segments to separate files called Mgmeet 0001.dat, Map_gment_0002.dat, etc., run

gmtstitch my_lines.d-Tf0.15k—-M —-DMap_segment_%4.4d.dat

SEE ALSO
GMT(1), mapprojec(l)
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NAME

makepattern — makGMT color pattern from b/w pattern or icon
SYNOPSIS

makepattern 1bit.ras| iconfile—Cfr/g/b —Cbr/g/b
DESCRIPTION

makepattern reads either a Sun 1-bit rasterfile OR a Sun icon filéhen accepts color choices for the
foreground and background s and colorizes the pattern, writing it as a 8-bit Sun rasterfile on stdout.
These patterns may then be use@MT (3.1 or later)-Gp settings or bysimage

1bit.ras| iconfile
Either a 1-bit Sun rasterfile (standard format, no RLE) or a Sun icon file (as @@kir3.0).

—Cf Sets the color for the foreground pixels (the ones) [black].
—-Cb  Sets the color for the background pixels (the zeros) [white].

WIN32 fix
Since binary redirection under WIN32 does notrky you must specify the output file wittGnewfile.ras
This option is only gailable under WIN32.

EXAMPLES
To aeate a colorized red/blue 8-bit Sun rasterfile pattern from the old 3.0-style iconpattern stored in file
custom.icon, run
makepattern custom.icon-Cfred—Cbblue > custom.ras

To areate a green/blue 8-bit Sun rasterfile pattern from a 1-bit Sun raster called bits.ras, run

makepattern bits.ras-Cfgreen—Cbblue > colorbits.ras

SEE ALSO
GMT(1), psimaye(1)
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NAME

nc2xy — Corerting netCDF column file(s) to ASCII xy data
SYNOPSIS

nc2xyfiles[ —Fvarl/ivar2/..][ =§r]][ -V ][ —fcolinfo]
DESCRIPTION

nc2xy reads one or more netCDF files with column data and writes out those columns in ASCII format to
standard output, so that thean be used bpsxy, psxyz or xyz2grd. Modify the precision of the ASCII
output format by editing thd&® FORMAT parameter in your .gmtdaflts4 file or use-——D_FOR-

MAT= formaton the command line.

files Names of netCDF files to be a@nted.

OPTIONS

-F Specify up to 10 names of thariables (separated by slashes) to be printed out. All variables to be
1-dimensional and be of equal length. When omited, the ficstaniables in the netCDF file will
be printed.

-S Suppress output for records with one or more NaNes [Default outputs all nodeshppendr
to reverse the suppression, i.e., only output the records with at least one NaN value.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to

male this apply only to input or output [Deilt applies to both]Give azme or more columns (or
column ranges) separated by commAppendT (absolute calendar time)(relative ime in cho-
senTIME_UNIT sinceTIME_EPOCH), x (longitude),y (latitude), orf (floating point) to each
column or column range itemShorthand-f[ijo]g means—f[i|o]0Ox,1ly (geographic coordinates).
See als@IME COORDIN ATES below.

TIME COORDIN ATES
Time coordinates in netCDF files will be recognized as sdUdte \ariable’sunit attribute is parsed to
determine the unit and epoch of the time coordinate in the Yellies are then cewrted to the internal
time system specified bYIME_UNIT and TIME_EPOCH in the .gmtdefaults file or on the command
line. Thedefault output is relatie ime in that time system, or absolute time when using the opf®h,
—f1T, etc.

EXAMPLES
To print out latitude, longitude and height in a netCDF file as ASCII records, while suppressing all NaN
values:

nc2xy —Hat/lon/height-Strackfile.nc > trackfile.xy

SEE ALSO
gmtdefaultél), GMT(1), psxy(1), psxy£1), xyz2grd1)
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NAME

psmeaplot — To create poster-siz@ostScriptplots from page-size plot
SYNOPSIS

psmegaplotplotfile —Sscale[ —C ]
DESCRIPTION

psmegaplotreads aGMT -producedPostScriptfile and 'blavs it up’ by an arbitrary scale. The result is
several plots that mag& up he pieces in a jiggapuzzle. Cut and paste these pieces toersknegaplot’.

plotfile PostScripffile as created by thHeMT programs.

-S Multiply the x- and y-dimension bgcale scalemust be larger than 1.0.
OPTIONS

No space between the option flag and the associated arguments.

-C Plot crop marks in each corner ekgy output page. [Default is no marks]
EXAMPLES

To magnify a contour-map PostScript file 3 timegjmg a total of 9 output pages to be pasted togetiser

psmegaplothawaii_contour.ps-S3 —C > hawadi_contour_meagplot.ps

BUGS
This program is unlikely to work on ndBMT -producedPostScriptfiles since it anticipates the structure of
the file. It also assumes that the output media is Letter size.

SEE ALSO
GMT(1)
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NAME
pssegy — Create imagemasked postscript from SEGY file

SYNOPSIS
pssegy SEGYfile-Jparameters—Rwesteastsouthinorth[r] —Ddeviation —F[rgb|gray]|-W [ —-Bbias] [
—Cclip][ —Eerror ][ -1 ][ =K ][ —Lnsamp] [ -Mntrace][ -N][ -O ][ -P ][ —Sheader] [ —Tfilename
][ —Uredvel][ -V ][ —Xscale] [ -Ysample inf[ -Z ]

DESCRIPTION
pssegyreads a nate (EEE) format SEGY file and producesPastScriptimage of the seismic data. The
imagemaskoperator is used so that the seismic data are plotted as a 1-bit deep bitmap in a single (user
specified) color or gray shade, with a transparent backgrolimel bitmap resolution is taken from the-cur
rentGMT defaults. Theseismic traces may be plotted at their true locations using information in the trace
headers (in which case order of the traces in the file is not signifiGtandardSMT geometry routines
are used so that in principleyamap projection may be used,vhever it is likely that the geographic pro-
jections will lead to ungected results. Beare also that some parameteryéaon-standard meanings.
Note that the order of operations before the seismic data are plottedatodéclip]([bias]+[normal-
ize](sample value)). Deviation determinesmiar in the plot coadinatesa [normalized][biased][clipped]
sample value of 1 plots from the trace location. The SEGY file should be a disk image of the tape format
(ie 3200 byte text headawhich is ignored, 400 byte binary reel headad 240 byte header for each trace)
with samples as nat real*4 (IEEE real on all the platforms to which Maaccess)

SEGYfile
Seismic data set to be imaged

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMeEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendig, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flatO/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€éOblique Mercator - tw points)
—Jodon0/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)
AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
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—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—-Jglon0/latq/horizori/scale(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/latd/horizor[/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

-D gives the deviation in X units of the plot for 1.0 on the scaled trace.

~F[rgblgray]
Fill trace (variable area, defaults to filling pogi rgb or gray gies the color with which the
imagemask is filled.

-W Draw wiggle trace.
You mustspecify at least one efW and-F.

OPTIONS
No space between the option flag and the associated arguments.

-B Bias to apply to data (added to sample values).

-C Sample value at which to clip data (clipping is applied to both pesitd neyative \alues).
-E Allow error difference between requested and actual trace locations whenTigiption.
= Fill negative rather than posite excursions.

-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Override number of samples per trace in reel header (program attempts to determine number of
samples from each trace header if possible tovdlbo variable length traces).

-M Override number of traces specified in reel hea@tegram detects end of file (relafly) grace-
fully, but this parameter limits number of traces that the program attempts to read.

-N Normalize trace by dividing by rms amplitudesofull trace length.
-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mode [Default is Landscapegsaéeefaultsto change this].

-S Read trace locations from trace headers: header is either ¢ fop@wPffset, or b<num> to read
a long starting at byte <num> in the header (first byte corresponds to num=a)ltbef location
given by trace number.
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-T Plot only traces whose location corresponds to a k&nhgn filename Order in which traces are
listed is not significant - the entire space is checked for each trace.

-U Apply reduction elocity by shifting tracesipwardsby redwel/|offset]. Ngative vdocity remores
existing reduction. Units should be consistent with offset in trace header and sample interval.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-X Multiply trace locations by scale before plotting.
-Y Override sample interval in reel header.
-Z Do not plot traces with zero rms amplitude.
EXAMPLES

To plot the SEGY file val.sgy with normalized traces plotted at trudsef locations, clipped at +-3 and
with wiggle trace and posit variable area shading in black, use

pssegywal.segy-JX5/-5-R0/100/0/10-D1 -C3 -N -So -W -Fblack > segy.ps

To plot the SEGY file va1.s@y with traces plotted at true cdp*0.1, clipped at +-3, with bias -1 agive
variable area shaded red, use

pssegywal.segy-JX5/-5-R0/100/0/10-D1 -C3 -Sc —X0.1-Fred—-B-1 -1 > segy.ps

SEE ALSO
GMT(1), pssegydl)
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NAME
pssegyz — Create imagemasked postscript from SEGY file

SYNOPSIS
pssegyz SEGYfile -Jparameters—Jz|Zparameters—Rwesteastsouthinorth[/zminzmaj[r] —Ddeviation
—F[rgblgray]|-W [ —Bbias] [ —Cclip ] [ —EazimutHelevation] [ =I ][ =K ][ —Lnsamp] [ -Mntrace] [
-N][-O][ -P][ —Sheader_sheader | [ —Uredvel][ =V ][ —Xscale] [ —Ysample_inf[ -Z ]

DESCRIPTION
pssegyzreads a nate (EEE) format SEGY file and producedestScriptimage of the seismic data. The
imagemaskoperator is used so that the seismic data are plotted as a 1-bit deep bitmap in a single (user
specified) color or gray shade, with a transparent backgrotimel bitmap resolution is taken from the-cur
rentGMT defaults. Theseismic traces may be plotted at their true locations using information in the trace
headers (in which case order of the traces in the file is not signifiGtandardsSMT geometry routines
are used so that in principleyamap projection may be used,vhever it is likely that the geographic pro-
jections will lead to ungected results. Beare also that some parametervéaon-standard meanings,
and a couple of the options fpssegyare not &ailable inpssegyz Note that the order of operations before
the seismic data are plotted is deviation*[clip]([bias]+[normalize](sample valueyjatizen determines
how farin the plot coodinatesa [normalized][biased][clipped] samplalue of 1 plots from the trace loca-
tion. TheSEGY file should be a disk image of the tape format (ie 3200 byte text hehddr is ignored,
400 byte binary reel headend 240 byte header for each trace) with samples agnatl*4 (IEEE real
on all the platforms to which | kia access)

SEGYfile
Seismic data set to be imaged

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendmg, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range eR option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalgCassini)

=Jcyl_sterd[lon0/flatO/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€éOblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/latl/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:
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—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latq/horizori/scale(Orthographic)
—Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scdl@eneral Perspeut).
—-Jdon0/latd/horizor[/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JKk[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
=Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

-D gives the deviation in X units of the plot for 1.0 on the scaled trace, This may be a single number
(applied equally in X and Y directions) or devX/devY

-E Azimuth and eleation for the 3-D projection.

~F[rgblgray]
Fill trace (variable area, defaults to filling pogi rgb or gray gies the color with which the
imagemask is filled.

-W Draw wiggle trace.
You mustspecify at least one efW and-F.

OPTIONS
No space between the option flag and the associated arguments.

-B Bias to apply to data (added to sample values).

-C Sample value at which to clip data (clipping is applied to both pesitd neyative \alues).
= Fill negative rather than posite excursions.

-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Override number of samples per trace in reel header (program attempts to determine number of
samples from each trace header if possible tovdlbo variable length traces).

-M Override number of traces specified in reel hea@tegram detects end of file (rela#ly) grace-
fully, but this parameter limits number of traces that the program attempts to read.

-N Normalize trace by dividing by rms amplitudesofull trace length.
-0 Selects Overlay plot mode [Default initializes avrot system].
-P Selects Portrait plotting mode [Default is Landscapegsaeefaultsto change this].
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-S Read trace locations from trace headers: header is either ¢ foo@@mffset, b<num> to read a
long starting at byte <num> in the header (first byte corresponds to num=0), or a number to fix the
location.
First parameter for x, second farQefault has X and Y gen by trace number.

-U Apply reduction velocity by shifting tracegwardsby redwel/|off'set]. Ngative vdocity remores
existing reduction. Units should be consistent with offset in trace header and sample interval.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-X Multiply trace locations by scale before plotting.
-Y Override sample interval in reel header.
-Z Do not plot traces with zero rms amplitude.
EXAMPLES

To plot the SEGY file val.sgy with normalized traces plotted at true offset locations, clipped at +-3 and
with wiggle trace and posit variable area shading in black, use

pssegyaval.segy-JX5/-5-D1 -Jz0.05-E180/5-R0/100/0/10/0/16-C3 —N —So -W -Fblack > sgy.ps

BUGS
Variable area imolves filling foursided figures of distressing generalityknow that some of the more
comple degenerate cases are not dealt with correctly or at all; the incidence of such cases increases as
viewing angles become more oblique, and particularly as the viewingtiete increases. Wgle-trace
plotting is not affected.

SEE ALSO
GMT(1), pssegyl)
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NAME
segy2grd — Coverting SEGY file to grid file format

SYNOPSIS
segy2grd segyfile—Ggrdfile —Ixinqfunif][=|+][/yindunif][=+]] —Rwesteastsouthinorthr] [ -A[n|z] ] [
—-Dxnaméynaméznaméscaldoffsettitie/remark] [ -F ] [ —Nnodata] [ -Szfilg ][ -V ][ -Z[flag] ]
=:[ilo]1[ —bi[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
segy2grdreads an IEEE SEGY file and creates a binary grid file. Either a simple mappinglésqub
xyz2grd -Z) or a more complicatedasaging where a particular grid cell includes values from more than
one sample in the SEGY file can be dosegy2grdwill report if some of the nodes are not filled in with
data. Such unconstrained nodes are set to a value specified by the user [Default idddaN]with more
than one value will be set to theeeage value.

segyfile ASCII [or binary] file holding z or (x,y,z)alues. xyz triplets do not ha o be ®rted (for binary
triplets, see-b). 1-column z tables must be sorted and-thenust be set).

-G grdfileis the name of the binary output grid file.

= x_inc[and optionallyy_ind is the grid spacing. Appena to indicate minutes arto indicate sec-
onds.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

OPTIONS

-A Add up multiple values that belong to the same node (samA&zs Appendn to simply count
the number of data points that were assigned to each fiddfault (no—A option) will calculate
mean value]. Not used for simple mapping.

-D Give \alues forxname yname zname scale, offset, title andremark To leare sme of theseal-
ues untouched, specify = as the value.

-F Force pixel registration [Default is grid registration].

-N No data. Set nodes with no input sample to this value [Default is NaN].

-S set variable spacingeaderis c for cdp, o for déet, b<number> for 4-byte float starting at byte
number If -S not set, assumege pacing of samples at the dx, dy supplied with -I

-L Override number of samples in each trace

-X applies scalax-scaleto coordinates in trace header to match the coordinates specified in -R

-Y Specifies sample interval asintif incorrect in the SEGY file

-M Fix number of traces to read in. Default tries to read 10000 traces. -MO will read number in binary
header-Mn will attempt to read only n traces.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES

To areate a grid file from anven paced SEGY file test.segyy
segy2grd test.segyl 0.1/0.1-Gtest.grd-R198/208/18/25-V

Note that this will read in 18-25s (or km) on each trace, but the first trace will be assumed to be at
X=198

To aeate a grid file from the SEGY file tesggelocating traces according to the CDP number
where there are 10 CDPs per km and the sample interval is 0.1, try
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segy2grd test.segyGtest.grd-R0/100/0/10-10.5/0.2-V -X0.1 -Y0.1

Because the grid interval is ¢gr than the SEGY file sampling, the individual samples will be
aveaged in bins

SEE ALSO
GMT(1), grd2xyZ1), grdedit(1), pssegy{l)
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NAME

backtracker — Forward and Backward flowlines and hotspot tracks

SYNOPSIS

backtracker [infile(s) —Estage file [ —A[youndold] ] [ —C ] [ —-Dflb ] [ —HJil[nred ] [ —-Lf|bstep] [
—MTilo][flag] ] [ —Nupper_ae] [ —Qfixed_ae] [ —Sfilestem| [ -Tzero_aye] [ -V ][ -WIalt] ][ —:[il|o] ]
[ =blilo][s|S|d|D[ncol|c[varl/..]] ]

DESCRIPTION
backtracker reads (longitude, latitude, age) positions frimfiles [or standard input] and computes pro-
jected (x,y,t) coordinates using the specified rotation parametecan either calculate final positions
[Default] or create a sampled track between the initial and final posititmes.former mode allows addi-
tional data fields after the first 3 columns which musthngitude,latitude,age). Seption—: on haw
to read (latitude,longitude,age) files.

No space between the option flag and the associagedhants. Useipper case for the option

flags and lower case for modifiers.

infile(s) Data file(s) to be projected. If notvgh, standard input is read.

-E

OPTIONS
-A

GMT 4.3.1

Give file with rotation poles and opening angl@is file must contain one record for each rota-
tion; each record must be of the following format:

lon lat tstart [tstop] ccw-angle [kab cd e fg]

where tstart [and tstop] are in Ma, with lon, lat, and angle gmedss. Br stage rotations, the old-

est stage must be listed first, whereas for total reconstruction rotations the youngest rotation is
listed first. tstart (tstop) is the age of the old (young) end of the stag®evariance matrix, if
present, may begn in the given format. Blankiines and records whose first column contains #

will be ignored.

Used in conjunction witk-Lb|f to limit the track output to those sections whose predicted ages fit
between thgoungandold limits. If —LB|F is used instead then the limits apply to the stage ids.

If no limits are supplied then individual limits for each seamount are expected in columns 4 and 5
of the input file.

Expect Total Reconstruction Poles rather than Backv&tage Poles [Dafdilt]. Fileformat is sim-
ilar to the stage pole format except the youngest rotation must be listed first and that the tstart col-
umn is optional (assumed to be 0 Ma).

Set the direction to goe:Df will go forward in time (from younger to older positions), whilbb
will go backward in time (from older to younger positions) [Default].

Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines

and lines starting with # arevadys skipped.

Specify a sampled path between initial and final positidh:will draw flowlines, while-Lb will
draw backtrack (hotspot track) path&ppend sampling interval in kmif step< 0 then only the
bend-times (knots) will be returne@Vhen-LF or -LB is used, the third output column will con-
tain the stage id (1 is youngest) [Default is along-track ages].

Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—M setting applies to both input and output.
Use-Mi and-Mo to give eparate settings.

Set the maximum age to extend the oldest stage back in time [Default is no extension].
Assign a fixed age to all positions. Only lon, lat input is expected.
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-S When-L is set, the tracks are normally written to stdout as a multisegmen$fikcify afilestem
to have each track written tdilestem.#where# is the track numberThe track number is also
copied to the 4th output column.

-T Set the current time [Default is 0 Ma].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Rotates the gen input (lon,lat,t) and calculates the confidence ellipse for the projected pbiat.
input pointmusthave a tme coordinate that matches a particular finite rotation time, otherwise the
point will be skipped.Appendt or a to output time or angle, respedly, after the projected lon,
lat. Afterthese 2-3 items, we write azimuth, majomor (in km) for the 95% confidence ellipse.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/ivar2l... to specify the variables to be read. [Default is 3 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default depends on settings].

EXAMPLES
To backtrack the (x,y,t) points in the file seamounts.d to their origin (presumably the hotspot), using the
DC85.d Euler poles, run

backtracker seamounts.e¢Db ~EDC85.d > newpos.d

To project flowlines forward from the (x,y,t) points stored iwvesal 3-column, binarydouble precision
files, run

backtracker points.*—Df ~EDC85.d-Lf25-bo -hi3 > lines.b

This file can then be plotted wiisxy —M.
SEE ALSO
GMT(2), project(1), mapprojec(l), hotspottefl), originator(1)

REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME
hotspotter — Create @M mage from seamount flowlines
SYNOPSIS
hotspotter [infile(s) —-Estage file —GCVAgrid =Ixindunif][ =|+][/ yindlunif][ =|+]]

—Rwesteastsouthinorth[r] [ —-C ][ —Dfactor][ —=F ][ —H[i][nred ][ —Nupper_ae][ -S][ -T]1[ -V ]I
=:[ilo]1[ —bi[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
hotspotter reads (longitude, latitude, amplitude, radius, age) records ififiles [or standard input] and
calculates flowlines using the specified stage pole (Euler) rotations. These flowlinesraheedonith the
shape of the seamount (using a Gaussian shaegeaplitude and radius = 6 sigma) and added upue gi
a Qumulative Wlcano Amplitude grid (CX). Seeoption—: on hav to read (latitude,longitude,...) files.
No space between the option flag and the associagedhants. Useaipper case for the option
flags and lower case for modifiers.

infile(s) Data file(s) to be processed. If notai, standard input is read.

-E Give file with stage poles and opening angl&sis file must contain one record for each stage;
each record must be of the following format:

lon lat tstart tstop ccw-angle

where tstart and tstop are in Ma and the rest is gneés. Theoldest stage must be listed first.
tstart (tstop) is the age of the old (young) end of the stage. Blank lines and records whose first col-
umn contains # will be ignored.

-G Specify name for output grid file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaaly, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/aeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

OPTIONS
-C Expect Total Reconstruction Poles rather than Backv&tage Poles [Dafilt]. Fileformat is sim-
ilar to the stage pole format except the youngest rotation must be listed first and that the tstart col-
umn is optional (assumed to be 0 Ma).

-D Modify the sampling intera along flavlines. Defult [0.5] gives goproximately 2 points within
each grid box. Smaller factorsvgs higher resolutions at the expense of longer processing time.

-F Force pixel registration [Default is grid registration].

-H Input file(s) has Header record(sNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.
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—bi

EXAMPLES

Set the upper age to assign seamounts whose crustal age is unknown (i.e. NaN) [no upper age].
Normalize the resulting GVgrid to percentages of the @\naximum.

Truncate seamount ages exceeding the upper age setNitto truncation].

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/ivar2l... to specify the variables to be read. [Default is 5 input columns].

To ceate a CX image from the Pacific (xzrt) data in the file seamounts.d, using the DC85.d Euler
poles, run

hotspotter seamounts.¢EDC85.d—-GCVA.grd —R130/260/-66/66-110m -N145-T -V

This file can then be plotted wigrdimage.

SEE ALSO

GMT (1), grdimage(1), project(1), mapprojectl), backtrader (1), originator(1)

REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME

rotcorverter — Manipulate finite and stage rotations
SYNOPSIS

rotconverter [ +- ] rotA[ +|-rotB][ +|-rotC]... [-C[alt]] [ -D][ —Finfout][ -N]1[ =-S]1[ -T ][ -V ]
DESCRIPTION

rotconverter reads one or more plate motion models (rotations) stored inwbrefges. If more than one
plate motion model is gén we will add or subtract them in the order yhwere listed. The minus sign
means we should first transpose the rotation and then add it to Wmuprotation. The input files must
all be of the same type (stage poles or finite rotations) which may differ from the desired output format; see
—F. If a file cannot be opened we will attempt to decode the file name as a single rotation whose parame-
ters are separated by slashes.

No space between the option flag and the associagedhants. Useipper case for the option
flags and lower case for modifiers.

rotX Name of a file with a plate motion model. Separatersé files with desired operator (+ or -).
The very first file may also kia a kading minus to imply a transpose. Ifyaf the specified rota-
tion models cannot be opened as a file, we will try to decode the file name as
lon/lat/tstar{/tstod/anglefor a single rotation gen on he command lineThe tstopargument is
required for stage poles onlyor a finite rotation without antime information, gre lon/lat/angle
only.
OPTIONS

-C Write out a column header record indentifying the various columns [Default is no header record].
Appendato indicate opening angles ahtb indicate opening rates [Default].

-D Report longitudes use the -180/+180 range [Default is 0/360].

-F Specify both the input and output format for rotatiofitie in andout flags must be eithdror s
for finite or stage rotations, respeely. Note that both must be specified- is set [Default is
—Fff (both input and output are finite rotations)].

-N Place all output poles in the northern hemisphere [Default reports/pastttion angles].

-S Place all output poles in the southern hemisphere [Default reporty@asitition angles].

-T Transpose the final result, i.e., change the sign of the rotation angles.

-V Verbose option: Report statistics of extracted rotations [Default is silent].
EXAMPLES

To oorvert the finite rotations in the file model_finite. APM to stage poles, run

rotconverter model_finite. APM-Ffs > model_stages.APM

To dbtain Nazca motion relat o Pacific hotspots by adding the motion of Nazca retath a fixed Pacific

to the Racific-Hotspot reference model DC85_stages.d, and report the result as finite reconstruction poles in
the northern hemisphere, try

rotconverter DC85_stages.APM + Pac_Naz_stages.RPM-Fsf> Naz_HS finite. APM

To add the final rotations @T(150.1, 70.5, -20.3) and® (145.0, 40.0, 11.4), try

rotconverter 150.1/70.5/-20.3 + 145/40/11.4

which prints out 157.32, -80.44, 11.97.

SEE ALSO
backtradker (1), hotspotte(1), originator(1)
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NAME
grdrotater — Rotate a grid using a finite rotation

SYNOPSIS
grdrotate ingrdfile —Goutgrdfile—T plor/plattomega —Fpolygonfile] [ —H[i][nred ][ —-M[flag] ][ -N ][
=Q[bic|l|n][[/1threshold ] [ -Rwesteastsoutdnorthir] 1 [ -S 1 [ -V 1 [ =iilo] 1 [
=blilo][g|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
grdrotater reads a geographical grid and reconstructsvignga tal reconstruction rotationOptionally,
the user may supply a clipping polygon in multiple-segment format; then, only the part of the grid inside
the polygon is used to determine the return griglore Theoutline of the projected region is returned on
stdout.
No space between the option flag and the associagedhants. Useipper case for the option
flags and lower case for modifiers.

ingrdfile
Name of a grid file in geographical (lon, lat) coordinates.

-G Name of output grid. This is the grid with the data reconstructed according to the specified rota-
tion.

-T Finite rotation. Specify the longitude and latitude of the rotation pole and the opening angle, all in
degrees.

OPTIONS
-F Specify a multi-segment closed polygon file that describes the inside area of the grid that should

be projected [Default projects entire grid].

-H Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Datilt will write out header records if the input dataenthem]. Blank lines
and lines starting with # arevadys skipped.

-M Multiple segment file. Segment separator is a record beginnindlagth[Default is ">].
-N Do Not output the rotated polygon outline [Default will write it to stdout].
-Q Quick mode, use bilinear rather than bicubic interpolation 40Igf Alternatvely, select the

interpolation mode by addinig for B-spline smootingg for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally appendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaNalues the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay, etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO0 will just return the wlue of the nearest node instead of interpolating. This is the
same as usingQn.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

-S Skip the rotation of the grid, just rotate the polygon outline (requifes
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input/outjfiRefault is (longi-
tude,latitude)].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or amgétite input file is netCDFOptionally,
appendvarl/ivar2l... to specify the variables to be read. [Default is 2 input columns].
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-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

EXAMPLES
To rotate the data defined by grid topo.grd and the polygon outline clip_path.d, using a finite rotation with
pole at (135.5, -33.0) and a rotation angle of 37.3 degrees and bicubic interpolation, try

grdrotater topo.gretT135.5/-33/37.3-V —Fclip_path.d-Grot_topo.grd > rot_clip_path.d

To rotate the entire grid faa.grd using a finite rotation pole at (67,:28\85S) and a rotation angle of 19.6
degrees using a bilinear interpolation, try

grdrotater faa.gret T67:45W/22:35S5/19.6V —Q —Grot_faa.grd > rot_faa path.d

To just see hw the outline of the grid large.grd will plot after the same rotation, try

grdrotater large.grd T67:45W/22:355/19.6V -S| psxy —Rg —JH180/6i—-B30-M -W0.5p | gv -

Let say you hee mtated gridA.grd and gridB.grd, restricting each rotation to nodes inside polygons
polyA.d and polyB.d, respeetly, using rotation A = (123V22S,16,4) and rotation B = (108V16S,
-14.5), yielding rotated grids rot_gridA.grd and rot_gridB.gfd. determine the region ofverlap between

the rotated grids, we use grdmath:

grdmath 1 rot_gridA.grd ISNAN SUB 1 rot_gridB.grd ISNAN SUB 2 EQvertap.grd

The grid werlap.grd nev has 1s in the regions of/erlap and 0 elsghere. You can use it as a mask or use
grdcontour to extract a polygon (contour).

SEE ALSO
backtradker (1), hotspotte(l), originator(1) rotconverte(1)
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NAME
grdspotter — Create @M mage directly from gravity or bathymetry grids
SYNOPSIS
grdspotter [grdfile] —Erotations_file —GCVAgrid =Ixindunit][ =|+][/ yindlunif][ =|+]]

—Rwesteastsouthinorth[r] [ —Aagegrid ] [ -Bn_try][ -C ][ —-DDlgrid ][ =F ][ =M ][ —Nupper_ae] [
—PPAgrid ] [ -QIDinfo ][ =S][ =T ][ —Ufixed_vall [ -V ][ =Zz_mif/z_ma¥z_ind] ]

DESCRIPTION
grdspotter reads a grid file with residual bathetry or gravity and calculates flowlines from each node
that exceeds a minimurralie using the specified rotations file. These flowlines are themleed with
the volume of the prism represented by each grid node and added ve toGQymulative \blcano Ampli-
tude grid (CVA).
No space between the option flag and the associagedhants. Useaipper case for the option
flags and lower case for modifiers.

grdfile Data grid to be processed, typically residual bathymetry or free-air anomalies.

-E Give file with rotation poles and opening angldsis file must contain one record for each stage;
each record must be of the following format:

lon lat tstart tstop ccw-angle

where tstart and tstop are in Ma and the rest is gneés. Theoldest stage must be listed first.
tstart (tstop) is the age of the old (young) end of the stage. Blank lines and records whose first col-
umn contains # will be ignored. Howex, s2se—C for total recostruction poles.

-G Specify name for output G\grid file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tovée igimeter km,
miles, or nautical miles, respaay, and will be conerted to the equalent degrees longitude at
the middle latitude of the region (the ®ersion depends oBLLIPSOID ). If /y_incis given but
set to 0 it will be reset equal x0inc otherwise it will be cowverted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt+ to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheveyaeidwed a
gridline-registered or pixel-registered grid; see Appendix B for details.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respektj with -90/+90 in latitude).

OPTIONS
-A Supply a crustal age grid that is co-registered with the input data grid. These ages become the
upper ages to use when constructing flowlines [Default extewtlrfés back to oldest age found
in the rotation file; but seeN].

-B Getn_trybootstrap estimates of the maximumACNcation; the longitude and latitude results are
written to stdout [Default is no bootstrapping]. Cannot be used-with

-C Expect Total Reconstruction Poles rather than Backv&tage Poles [Dafdilt]. Fileformat is sim-
ilar to the stage pole format except the youngest rotation must be listed first and that the tstart col-
umn is optional (assumed to be 0 Ma).

-D Use flowlines to determine the maximum AC¥hcountered along each flowline and create a Data
Importance (DI) grid with these values at the originating nodes.
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-F Force pixel registration [Default is grid registration].

-L Supply a co-rgistered grid with seamount chain IDs for each node. This option requires that you
also use-Q.

-M Do not attempt to keep all flowlines in memory when usiBgand/or—P. Should you run out of

memory you can use this option to computw/filees on-the-fly It will be slower as we no longer
can reuse the flowlines calculated for theAQep. Cannobe used with-B or the multi-slice

mode in-Z.

-N Set the upper age to assign to nodes whose crustal age isvanir@, NaN) [no upper age].
Also see-A.

-P Use flowlines to determine the flowline age at theA@waximum for each node and create a Pre-

dicted Age (PA) grid with these values at the originating nodes.

-Q Either give (1) a single ID to use or (2) the name of a file with a list of IDs to usafilaefses all
IDs]. Eachline would be AG ID [w e s 1. The w/e/s/nzoom box is optional; if specified it
means we only trace the flowline if inside this region [Default uses region s&]byRequires

-L.

-S Normalize the resulting GVgrid to percentages of the @\naximum. Thisalso normalizes the
DI grid (if requested).

-T Truncate crustal agesven via the—A option that exceed the upper age set with[no trunca-
tion].

-U After a node passes the test impliedH&; use thisfixed_valinstead in the calculationgDefault
uses individual node values].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-Z Ignore nodes with zalues lower tharz_min[0] and optionally larger tham_max[Inf]. Give

Zz_min/z_max/z_intb male sparate CX grids for eachz-slice [Default makes one @Vgrid].
Multi-slicing cannot be used withM.

EXAMPLES
To ceate a CX image from the Pacific topograpbrid Pac_res_topo.grd, using the DC85.d Euler poles,
and only output a grid for the specified domain, run

grdspotter Pac_res_topo.gr¢EDC85.d-GCVA.grd —-R190/220/15/25-12m -N145-T -V

This file can then be plotted wigrdimage.

SEE ALSO
GMT (1), grdimage(1), project(1), mapprojectl), backtrader (1), hotspotte(l), originator(1)

REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME
originator — Associate seamounts with hotspot point sources

SYNOPSIS
originator [infile(s) —Estage file —Fhs_file[ -C ][ -Dd_km] [ —H[i][nred ][ —L[flag] [ —Nupper_aye]
[-Qrt]1[ -9n_hd]1[ -T]1[ -V ] -Wmaxdist] [ —:[i|o] ][ —bi[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
originator reads (longitude, latitude, height, radius, crustal_age) recordsiffifdes [or standard input]
and uses the ggn Absolute Plate Motion (APM) stage poles and the list of hotspot locations to determine
the most likely origin (hotspot) for each seamount. It does so by calculating flowlines back in time and
determining the closest approach to all hotspots. The output consists of the input records with four addi-
tional fields added for each of thehsclosest hotspotsThe four fields are the hotspot id (e.g., HWI), the
stage id of the floline segment that came closest, the pseudo-age of the seamount, and the closest distance
to the hotspot (in km). See optienon hav to read (latitude, longitude,height, radius, crustal_ag) files.

No space between the option flag and the associagedhants. Useaipper case for the option

flags and lower case for modifiers.

infile(s) Seamount data file(s) to be analyzed. If neégi standard input is read.

-E Give file with stage poles and opening angl&sis file must contain one record for each stage;
each record must be of the following format:

lon lat tstart tstop ccw-angle

where tstart and tstop are in Ma and the rest is gneés. Theoldest stage must be listed first.
tstart (tstop) is the age of the old (young) end of the stage. Blank lines and records whose first col-
umn contains # will be ignored.

-F Give file with hotspot locations. This file must contain one record for each hotspot to be consid-
ered; each record must be of the following format:

lon lat hs_id hs_name
E.g., for Havaii this may look like
205 20 HWI  Hawaii

Blank lines and records whose first column contains # will be ignored.

OPTIONS
-C Expect Total Reconstruction Poles rather than Backv&tage Poles [Datilt]. Fileformat is sim-
ilar to the stage pole format except the youngest rotation must be listed first and that the tstart col-
umn is optional (assumed to be 0 Ma).

-D Sets the flowline sampling interval in km. [Default is 5].

-H Input file(s) has Header record(dNumber of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should
have header records [Default will write out header records if the input datathem]. Blank lines
and lines starting with # arevadys skipped.

-L Output clostest approach for nearest hotspot only (igne8es Choose-Lt for (time dist, 2
[Default], -Lw for (omeya, dist, 3, and-LI for (lon, lat, time, dist, z).Normally, dist is in km;
use upper case modifieF8VL to getdistin spherical degrees.

-N Set the maximum age to extend the oldest stage back in time [no extension].
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INput files only hasx,y,?; specify constant values fot that

—bi

EXAMPLES

will be implied for each record-S Set the number of closest hotspots to report [Default is 1].
Truncate seamount ages exceeding the upper age setN\itto truncation].
Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Only report those seamounts whosevfines came withirmaxdistto ary hotspot [Default reports
all seamounts].

Toggles between (longitude,latitude) and (latitude,longitude) input and/or ofifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or amgétite input file is netCDFOptionally,
appendvarl/ivar2l... to specify the variables to be read. [Default is 5 input columns].

To find the likely (hotspot) origins of the seamounts represented by the,rtcy points in the file
seamounts.d, using the DC85.d Euler poles and the pac_hs.d list of possible hotspots, and report the 2 most
likely hotspot candidates for each seamount, run

originator seamounts.&S2 ~-EDC85.d-Fpac_hs.d > origins.d

SEE ALSO

GMT(2), project(1), mapprojecfl), backtrader (1) hotspotte(l)

REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME

x2sys_binlist — Create bin-ingdiles from track data files
SYNOPSIS

x2sys_binlisttrack(s)[ —-TTAG] [ =Ccfflgle][ -D1[ —E][ —Nunit][ -V ]
DESCRIPTION

x2sys_binlistreads one or more track data files and produces a multi-segment ASCII track kifilende

(tbf) with the track id in the header and one data record per bin crossed; these recorddorgritein

index, flagd, disf], wherelon, latis the coordinates of the center of the bin,ititeexis the 1-D number of

the bin, andlagsis a bitflag that describes which data fields wews#lable in each bin. The optiondist
requires-D. The input files can be of siormat, which must be described and passed with Theption.

The bin-inde listing is a crude representation of where the track goes and is used by the datst tochi

build a track data base for track queries such as to determine which tracks need to be compared for
crosseer analysis. You must rurx2ys_initto initialize the tag before you can run the indexing.

tracks Can be one or more binary or ASCII data files.give a list of names, use ‘cat tracks.lis' ovgi
the name of the track list after a colon (e.g., :tracks.lishhe names are missing the suffix we
will append the stifx that goes with thiFAG Track files will be looked for first in the current
directory and second in all directories listedsi2SYS_HOME/TAG paths.txt (if it exists). [If
$X2SYS_HOME s not set it will default té¢GMT_SHAREDIR /x2sys].

OPTIONS
No space between the option flag and the associated arguments.

-C Append a one-letter code to select the procedure for along-track distance calculation selected with
—D (see-N for selecting units):
¢ Cartesian distances in user units [Default].
f Flat Earth distances.
g Great circle distances.
e Geodesic distances on curr&@MT ellipsoid.

-D Calculate the length of trackline segments per bin [Default skips this Sepl-C for method
and-N for units. The length fragments aregi as he 5th output column (after thiegs.

E Corvert data to a yindrical equal-area projection prior to binningasically we gply the pro-
jection =JYlon0/37:04:17.166076/360, whetenO is the mid-longitude of the géon. Requires
-D, geographical data, and a global region (e-Bg or —Rd).

-N Append the desired distanaait ase (meter),k (km), m (miles), orn (nautical miles).[Default is
—Nk (km)]. Requires-D.

-T Sets the data s€@AGwhich among other things sets the definition file.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To ceate a bin indetable from the MGD77 file 01030061.mgd77 using a global, 1x1 degree bin system,

do

x2sys_binlist01030061.mgd7#TMGD77 > 01030061.tbf

To ceate a track bin indefile of all MGD77+ files residing in the current directory at a bin resolution of
30 x 30 minutes, calculating the geodesic distance lengths for each bin in km, run

x2sys_binlist*.nc -TMGD77+-Ce —D> dl.tbf

SEE ALSO
gmtdefaultél) x2sys_inif1)
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NAME

x2sys_datalist — A generic data-extractor for ASCII or binary files

SYNOPSIS

x2sys_datalisttrack(s)-TTAG[ —Fnamel,name2,][ —H[i][nred ] [ —~Rwesteastsouthinorth[r]] [ —S]
[ =V ][ —bo[s|S|d|D[ncoll|c[vard/..]] ]

DESCRIPTION
x2sys_datalistreads one or more files and produces a single ASCII [or binary] table. The files can be of
ary format, which must be descriped and passed with-Theption. You may limit the output to a geo-
graphic region, and insist that the output fronaesa files be separated by a multiplegsent header
Only the named data fields will be output [Default selects all columns].

tracks Can be one or more binary or ASCII data files.give a list of names, use ‘cat tracks.lis' ovgi

-T
OPTIONS

the name of the track list after a colon (e.g., :tracks.lishhe names are missing the suffix we
will append the suffix that goes with tHi®\G Track files will be looked for first in the current
directory and second in all directories listedbi2SYS_HOME/TAG paths.txt (if it exists). [If
$X2SYS_HOME s not set it will default té¢GMT_SHAREDIR /x2sys].

Sets the data s@AGwhich among other things sets the definition file.

No space between the option flag and the associated arguments.

-F

-H

EXAMPLES

Give a omma-separated sub-set list of column names defined in the definition filaulfDef
selects all data columns].

Input file(s) has Header record(s). Number of header records can be changed by editing your
.gmtdefults4 file. If usedGMT default is 1 header record. Uséli if only input data should

have header records [Datilt will write out header records if the input dataenthem]. Blank lines

and lines starting with # arevadys skipped.

Output a multisegment header between data from each track. Note this option does notyimply an
thing about the input file; that information is geged via the system tagT).

Suppress output records where all the data columns are NaN [Default will output all records].
Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

To extract all data from the old-style MGG supplement file c2104.gmt, recognized by the tag MGG:

x2sys_datalistc2104.gmt-Tmgg > myfile

To make lon,lat, and depth input fdrlockmean and surface using all the files listed in the file tracks.lis
and define by the tag TRK, but only the data that are inside the specified area, @adtméakinaryrun

x2sys_datalistcat tracks.lis'-TTRK —Flon,lat,depth-R-40/-30/25/35-bo > dltopo.xyz

SEE ALSO

blockmealil), GMT(1), surfac€1), x2sys_crogd)
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NAME
x2sys_cross- Find and compute Cross-Over Errors

SYNOPSIS
x2sys_crosgrack(s)-TTAG[ —-Ccff[gle] [ —Fflags] [ —Iljalc ] [ —Jparameterd [ -Kcombi.li§ [ -O ][
—Nd|sunit] [ —Q¢€li ] [ =Sljulhspeed [ =V ][ -Wt|d|nsize] [ —2][ —bo[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
x2sys_crossis used to determine all intersections between ("external cvesspor within (“internal
cross-o@ers") tracks, and report the time, position, distance along track, heading and speed along each
tracksgment, and the crosga and mean values for all obsables. Thenames of the tracks are passed
on the command line. By dailt, x2sys_croswwill look for both eternal and internal crosssrs. Asan
option, you may choose to project all data using one of the map-projections prior to calculating the
crosseers.

tracks Can be one or more binary or ASCII data files give a list of names, use ‘cat tracks.lis' ovgi
the name of the track list after a colon (e.g., :tracks.lishe names are missing the suffix we
will append the suffix that goes with tHi&\G Track files will be looked for first in the current
directory and second in all directories listedbi2SYS_HOME/TAG paths.txt (if it exists). [If
$X2SYS_HOME s not set it will default té¢GMT_SHAREDIR /x2sys].

-T Sets the data s€AGwhich, among other things, sets the definition file.

OPTIONS
No space between the option flag and the associated arguments.

-C Select procedure for along-track distance calculation:
¢ Cartesian distances [Default].
f Flat Earth distances.
g Great circle distances.
e Geodesic distances on curr&@MT ellipsoid.

-F Sets which columns to us&ive a @mma-separated list of column names; this list must include
X, y or lon, lat and ideallytime [Default selects all columns]if time is not selected (or selected
but the cruises do not ka ime information), then we output proxy times (e.g., floating point
record numbers) instead tirhe.

= Sets the interpolation mode. Choose among:
| Linear interpolation [Default].
a Akima spline interpolation.
¢ Cubic spline interpolation.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tfMEEASURE_UNIT setting in .gmtdefaults4,ub
this can be werridden on the command line by appendmg, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apjenrd or -
to the width, respeactély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

=Jcyl_sterd[lon0/flat0/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
—Jo[b]lon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
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-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaldUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scal€Albers)
-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
=Jllon0/latO/lat1/lat2/scaléLambert Conic Conformal)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizori/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latJ/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
-Jglon0/latq/horizor}/scale(Orthographic)
—-Jglon0/latO/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat(d/horizor[/slaf]/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert IV)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt| T][/y-scaldd|l|ppowt|T]] (Linear, log, and power scaling)

Only process the pagombinations found in the filkombi.lis[Default process all possible combi-
nations among the specified files].

Output results using the old XOVER format [Default is X2SYS formatjis option should only
be used with *.gmt-formatted MGD77 files.

Appendd for distance ors for speed, then gé the desiredunit ase (meter or m/s)k (km or
km/hr), m (miles or miles/hr), on (nautical miles or knots)[Default is -Ndk —Nse (km and
m/s)].

Appende for external crossars only andi for internal crosseers only [Default is all crossers].

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

Defines windw of track speeds. If speeds are outside this winadee do rot calculate a
crosswer. Yecify

—Sl sets lower speed [Default is 0].

—Susets upper speed [Default is Infinity].

—Sh does not limit the speed but sets a lower speedvbettich headings will not be
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computed (i.e., set to NaN) [Default calculates headirgsdiess of speed].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Givet, d, or n and append the corresponding maximum time gap [Infinity], or distance gap [Infin-
ity] (both in user units) allowed between theotpoints immediately on either side of a crosso
If the gap exceeds this maximum gap we skip the cvessalculation. Br -Whn, give the maxi-
mum number of points on either side to use in the interpolation [3].

-2 Report the values of each track at the creasfefault reports the crosger value and the mean
value].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

REMARKS
The COEs found are printed out to standard output in ASCII format (urlbesis set). When ASCII is
chosen, the output format depends on whether or not old-stMERM®uUtput (L) has been selectedf
so, then the first record contains the file names and their stariweaeas subsequent recordsehtne
data for each COE encounterethe fields written out are lat, lon, time along track #1 and #2, xitgra
X_magnetics, x_bajtmetry, average graity, average magnetics,varage batiimetry heading along track
#1 and #2. If the dalilt format is chosen then the header record starts with "> ", and the output format for
crosseers are first 10 columns that contain xtigne along track #1 and #2, distance along track #1 and #2,
heading along track #1 and #2, velocity along track #1 and #2, and then pairs of y@@ge aalue) for
each data type (or track-values #1 and #2:-&e It is recommended that the Akima spline is used instead
of the natural cubic spline, since it is less seresit outliers that tend to introduce wild oscillations in the
interpolation.

SIGN CONVENTION
If lega and legb are passed on the command line, then the COE value is Vighle Yialue (legb).

PRECISION AND FORMAT
THe output format of individual columns are controlledby-FORMAT except for geographic coordinates
(OUTPUT_DEGREE_FORMAT) and absolute calendar timeOUTPUT_DATE_FORMAT, OUT-
PUT_CLOCK_FORMAT ). Make are these are set tovgi you enough significant digits to achéethe
desired precision.

EXAMPLES
To compute all internal crossers in the gmt-formatted file c2104.gmt, and output in the ol&/KR for-
mat, using the tag MGG, try

x2sys_cros2104.gmt-L -TMGG > c2104.d

To find the crosseer locations with bathymetry between theotWIGD77 files A13232.mgd77 and
A99938.mgd77, using the MGD77 tag, try

X2sys_cros#A13232.mgd77 A99938.mgd Qe —TNGD77-Flon,lat,depth > crossers.d

SEE ALSO
GMT(1), x2sys_inif1) x2sys_dataligtl) x2sys_gefl) x2sys_putl)
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NAME

x2sys_get — Get track listing from track ixd#atabases
SYNOPSIS

x2sys_get —TAG[ -C ][ —Fflags] [ —L[list] [ —Nflags] [ ~-Rwesteastsouthinorthr]][ -V 1]
DESCRIPTION

x2sys_getwill return the names of the track data files that match them géquirements. du may choose
a geographic region and optionally ask only for tracks that meet certain data crigarély, you may
select an option to list all possible pairs that might generate gapsso

TAG  The unigue tag name of this data type system.

OPTIONS
No space between the option flag and the associated arguments.

-C Instead of reporting the track names, just output the coordinates of the center of each bin that has
at least one track with the specified data.

-F Give a ®omma-separated list of column names (as described in the definition file) that should be
present. [Default selects all data columns].

-L Crosswer mode. Returra list of track pairs that should be chedkfor possible crossers. The
list is determined from the bin-indelata base on the assumption that tracks gdngphe same
bin are very likely to intersect. By default we return all possible pairs in the dataAggend
the name of a file with a list of tracks if yowamt to limit the output to those pairs thatdlve &
least one of the track names in your list. The output is suitable feitluption inx2sys_cross

-N Give a omma-separated list of column names (as described in the definition file) that must be
absent.
-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal

degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respektj with -90/+90 in latitude).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To find all the tracks associated with the tag mgd77, restricted to yoecagrtain region in the south
Pecific, and hae & least free air anomalies and bathymeitgy

x2sys_get -V —mgd77-R180/240/-60/-36-Ffaa,depth

To find all the tracks associated with the tag mgd77 that tepth but not twt, try

x2sys_get -V —mgd77-Fdepth—Ntwt

To find all the pairs associated with the tag mgd77 that might intersect eachbothamly those pairs
which involves tracks in your list melis, try

x2sys_get -V —-mgd77-Lnew.lis > xpairs.lis

SEE ALSO
x2sys_binlisfl) x2sys_crog4) x2sys_dataligtl) x2sys_inif1) x2sys_putl)

GMT 4.3.1 15 May 2008 1



X2SYS_INIT(1) GeneridMapping Dols X2SYS_INIT(1)

NAME
x2sys_init — Initialize data base for track data files

SYNOPSIS
x2sys_init TAG -Ddeffile [ —-Esuffix ] [ =F ] [ =Gdjg 1 [ -ld{/dy] 1 [ —-MJilo][flag ] [
—Rwesteastsouthinorth[r] ][ -V ][ ~Wt|dgap]

DESCRIPTION
x2sys_initinitializes a set of data bases that are particular to one kind of trackTdegtse data, their asso-
ciated data bases, andykparameters are ggn a $ort-hand notation called a systetA@. The TAG
remembers settings such as file format, whether the data are geographic or not, and the binning resolution
for track inde&es. Runningx2sys_initis a prerequisite to runningsys_binlistwhich will create a crude
representation of where data track go and which oasens are ilable; this information serves as input
to x2sys_putwhich updates the track data base. Tk@sys gettan be used to find which tracks and data
are aailable inside a gien regon.

TAG  The unigue name of this data type system.

-D Definition file for this data set.
OPTIONS

No space between the option flag and the associated arguments.

-E Specifies the file extension (fiM} for these data files. If not\ggn we wse the definition file prefix
as the suffix (seeD).

-F Force creating ne files if old ones are present [Default will abort if old files are found].

-G Selects geographical coordinatésppendd for discontinuity at the Dateline (makes longitude go
from -180 to + 180) og for discontinuity at Greenwhich (makes longitude go from 0 to 360
[Default]).

= x_inc[and optionallyy_ind is the grid spacing. Appena to indicate minutes arto indicate sec-
onds.

-M Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>’]. For binary files all fields must be NaN.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respehtj with -90/+90 in latitude).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Givet or d and append the corresponding maximum time gap (in user units; this is typically sec-
onds [Infinity]), or distanceap (in user units; this is typically km [Infinity] ) allowed between the
two points immediately on either side of a crosso

DEFINITION FILES
The *.def files contain information about the data file format. The *.def files tae sctions: (1) header
information and (2) column information. All header information starts with the character # in the first col-
umn, immediately followed by an uppease directie. If the directve fakes an argument it is separated by
white-space. ¥u may append a trailing # commentsveHiirectives are recognized:

ASCII states that the data files are in ASCII format.

BINARY states that the data files are binary files.

SKIP takes an intger argument which is either the number of lines to skip (when reading ASCII files) or
the number of bytes to skip (when reading binary files).

GEO indicates that these are geographic data set, with periodicitiesxrctioedinate (longitudes).

MULTISEG means each track consists of multiple segments separate@G byl amultisggment header
(alternatvely, use—M when defining the systenAG).
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The column information consists of one line per column in the order the columns appear in the data file.
For each column you must pvie seen dtributes:

name type NaN NaN-proxy scale offset oformat

nameis the name of the columranable. Itis expected that you will use the special natoas(or x if
Cartesian) andat (or y) for the two required coordinate columns, atiche when optional time data are
present.

typeis a for ASCII representations of numbers, whereas for binary files you may choose fivsosigned
1-byte character (-127,+128),for unsigned byte (0-255h for signed 2-byte integers (-32768,+32767),
for signed4-byte integers (-2,147,483,648,+2,147,483,6810r 4-byte floating points and for 8-byte
double precision floating points.

NaNis Y if certain values are to be replaced by NAN, and N otherwise.

NaN-proxyis that special value.

scaleis used to multiply the data after reading.

offsetis used to add to the scaled data.

oformatis a C-style format string used to print values from this column.

For ASCII data theypeformat is alvays a. NaNshould be Y if there is a certain value (e.g., -9999) that is
used to represent missing data (NaNs). If soN&N-proxyvalue should be set accordingly (otherwise it

is ignored). The scaleandoffsetare applied to the data values afterythe read (first scaled, thenfsdt),
whereas theformatis used by some programs for formatted output. If yme gias the oformatthen
GMT'’s formatting machinery will be used instead (i.ePLOT _DEGREE_FORMAT,
PLOT_DATE_FORMAT, PLOT_CLOCK_FORMAT ). Somefile formats already he& definition files
premade. Thesiclude mgd77 (for plain ASCIl MGD77 data files), mgd77+ (for enhanced MGD77+
netCDF files), gmt (for old mgg supplement binary files), xy (for plain ASCII x, y tables), xyz (same, with
z-column), geo (for plain ASCII longitude, latitude files), and geoz (same, with z-column).

EXAMPLES
If you have a hrge set of track data files you cagarize them using the x2sys tooldere we will outline
the steps.Let us assume that your track data file format consist of 2 header records with text information
followed by ay number of identically formatted data records with 6 columns (lat, lon, time, obsl, obs2,
obs3) and that files are called *.trkeWill call this the "line" format. First, we create the line.def file:

# Define file for the line format

#ASCII #File is ASCII

#SKIP 2 # XKip 2 header records

#name type NaN NaN-proxy scale offset oformat
lon a N 0 1 0 94.0.5f

lat a N 0 1 0 9®.5f

time a N 0 1 0 % . 1f

obsl a N 0 1 0 % .2f

obs2 a N 0 1 0 % .2f

obs3 a N 0 1 0 % .2f

Next we create the AG and the databases for these line track files. Assuming these contain geographic
data and that we want to keep track of the data distribution at a 1 x 1 degree resolution, we may run

x2sys_initLINE -V -G —Dline —R0/360/-90/90-11/1 —Etrk

where we hae wsed LINE as our system tag. When x2sys tools try to read your line data fijlegltHiest

look in the current directory and second look in theT#& paths.txt for a list of additional directories to
examine. Therefore;reate such a file (here LINE_paths.txt) and stick the full paths to your data directories
there. AlITAG-related files (definition files, tag files, and track data bases built) will be expected to be in
the directory pointed to bl§X2SYS_HOME.
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Create tbf file(s):
Once the (empty) AG database he been initialized we go through a two-step process to popu-
late them. First we rur2sys_binliston all our track files to create one (or more) mulgjrsent
track bin-inde files (tbf). These contain information on which 1 x 1 degree bins (grosmer
blocksize; see-l) each track has visited and which observations (in your case obsl, obs2, obs3)
were actually obseed (not all tracks may ke dl three kinds of observationy@&ywhere). or
instance, if your tracks are listed in the file tracks.lis we may run this command:

x2sys_binlist =V =TLINE ‘cat tracks.lis' > tracks.tbf

Update index data base:
Next, the track bin-indefiles are fed tx2sys_putwhich will insert the information into theAG
databases:

x2sys_put =V —TLINE tracks.tbf

Search for data:
You may naw usex2sys_geto find all the tracks within a certain sulgi@n, and optionally limit
the search to those tracks thavéna @rticular combination of obseables. E.g.to find all the
tracks which has both obs1 and obs3 inside the specified region, run

x2sys_get -V —TINE —R20/40/-40/-20-Fobs1,0bs3 > tracks.tbf

MGD77[+] or GMT:
Definition files already exist for MGD77 files (both standard ASCII and enhanced netCDF-based
MGD77+ files), the old *.gmt files manipulated by the mgg supplements, and plain x,y[,z] and
lon,lat[,z] tracks. To initiate nev track databases to be used with MGD77 data from NGDC, try

x2sys_initMGD77 -V —-Dmgd77-Emgd77-Rd -Gd -11/1 -Wt900 -Wd5

where we hee dosen a 15 minute (900 sec) or 5 km threshold to indicate a alatdhg other
steps are similar.

Binary files:
Let us pretend that your line files actually are binary files with a 128-byte header structure (to be
skipped) followed by the data records and whenelat, timeare double precision numbers while
the three observations are 2-byte integers which must be multiplied b¥i@dlly, the first two
obsenations may be -32768 which means there is no dattalle. All that is needed is a thf-
ent line.def file:

# Define file for the binary line format

#BINARY # File is nav binary

#SKIP 128 # XKip 128 bytes

#name type NaN? NaN-proxy scale offset oformat

lon d N 0 1 0 94.0.5f
lat d N 0 1 0 9®.5f
time d N 0 1 0 % . 1f
obs1 h Y -32768 0.1 0 %6.1f
obs2 h Y -32768 0.1 0 %6.1f
obs3 h N 0 01 0 %6.1f

The rest of the steps are identical.

SEE ALSO
x2sys_binlisfl) x2sys _gefl) x2sys_putl)
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NAME

x2sys_put — Update track data bases
SYNOPSIS

x2sys_put[ info.tbf] -TTAG[ -S][ -V ]
DESCRIPTION

X2sys_putaccepts a track bin-ingdile created by2sys_binlistand adds this information about the data
tracks to the rel@nt data baseThe systenTAGmust match the tag encoded in thio.tbffile. To inquire
about tracks in the data base, y8sys_get

-T Give TAG the unique name of this data type system.

OPTIONS
No space between the option flag and the associated arguments.

info.tbf Name of a single track bin file. If notvgh, stdin will be read.

-S Used to swap bytes when reading the binary records. Because the flat binary database is written
using natve hinary fwrite, you may hee o use this option if you are reading a file created with a
different endianness. The updated file isagk written with the current endianness.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To add the information stored in the track bin-irdde latest.tbf to the track data bases associated with the
tag MGD77, try

x2sys_putlatest.tbf~V —-TMGD77

SEE ALSO
x2sys_binlisfl) x2sys_g«tl)
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NAME

X_edit — corvert between binary and ASCII croso correction tables.
SYNOPSIS

x_edit —AlX[namé§ —O[outnamé
DESCRIPTION

The purpose of_editis to cowvert between ASCII and binary versions of the cressoorrection tables.
-A Name of ASCII correction table [stdin], write binary table to filegiby —O [stdout].

-X Name of binary correction table [stdin], write ASCII table to filegiby —O [stdout].

-0 Name of output correction table [stdout].

EXAMPLES
To oonvert the binary file cross@r_corr.b to ASCII and write to stdout, run

x_edit —Xcrosswer_corr.b > corrections.d

SEE ALSO
GMT(1), x_systerfl)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
X_init — Initialization of Cross-Over Data Bases.

SYNOPSIS
X_init —I

DESCRIPTION
The purpose of_init is to create tw key files that will be holding all the cross« information for all the
cruises tested. These files are callrdbase.tandxx_legs.band they will contain data for each cross«
and totals for each leg, respeely. x _init will create these twfiles in the current directorgnd write out
the fileheader with a 1 as the next record number in the case of xx. bi&efny previous files with the
same names in the current directory will be erased, so use with caution.

= Must be present form initialization to &@kffect.

BEWARE
Both files are binary and Y fixed record lengths. The formats of the files are as follows:
xx_base.b:
Record length = 40 bytes.
Rec # 1: fileheader
Rec # 2: pairheader
Next n recs: crosser-structure
Rec # n+3: pairheader etc.

The fileheader is a 40 byte character string where the last 10 bytes contains the record number of
the last record in the file. The pairheader is a 40 byte character string which contains the names of
the two legs in question and the number of COEs generated between theencrosseer-struc-

ture contains all the information for one COE, that is lat, lon, time alapgalkeies of graity,
magnetics, and bathymetry at the crogergoint, the heading of track #1, and the heading of
track #2. See program listing for more details on formats. The file is sequential indtdztaare
appended at the end of the file.

xx_legs.b:
Record length = 204 bytes.

Each record contains the complete information for eaglhkg has been checked. Thg-kruc-

ture contains fields Il year of cruise, number of internal/external COEs fowigramagnetics,

and batlgmetry, their means and standardvigions, and the best fitting regression lines, i.e. the
dc-shifts and drift-rates computed from the time/error data points. See program listing for com-
plete description of record format.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
x_list — Extract Cross-Over Information from the Data Base.

SYNOPSIS

x_list [ legl] [ leg2] [ —dataflags] [ —Rwest/east/south/north[ —Xxbase] [ -H ][ -1 ][ -V ][ —Ccor-
rfile ] [ —Zignorefile]

DESCRIPTION
x_list will allow the user to extract information from the xx_base.b and xx_legs.b $Sietal options can
be passed on the command line in order to specify which parameters to extnaeteThe

legl leg2
If two legs ae specified, the cross4rs they havein common are returned. If ongyles ecified,
all the external crossvers irvolving this leg are returned, OR only its internal crosgexs if -l is
selected. Iho legs are gen, all the external (or internal with —I) crosgecs are returnedThis
program is useful if one ants to look at, sagravity COEs versus time from port for a particular
leg, etc.

dataflags

This is a string of ancombination of the following:

I means list both legnames.

t means list time.

X means list longitude.

y means list latitude.

g means list gravity COEs.

m means list magnetics COEs.

b means list bathymetry COEs.

G means list @erage gravity at crossver.

M means list @erage magnetic anomaly at crossin

B means list gerage bathymetry at cross«s.

h means list heading of ship at cros&mo
The components are written out in the orderythppear indataflags The default output is
—txygmbGMBhI. When internal COEs are desired, the time reported is the elapsed time since the
ship first occupied the crossea point. For eternal COEs the time means time from the start of
the year in seconds.

-R Only return crossars inside the specifiedg®mn west, east, soutlandnorth. [Default is world].
-X Indicate alternat&x_base.lile.
-H Issue one header record on output.

= Report on internal COEs [Default is external COEs].

-C Apply cross-@er correction to the data (i.e. reports the croga-@alue after the best-fitting cor
rections hae been applied to both legs). If nmrrfile is given, the dedult correction file is
assumed.

-Z Ignore those legs that appear in idpeorefile

-V Operate in verbose mode.

SEE ALSO
GMT(1), x_syster(L)
REFERENCES

Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
x_over — Find and compute Cross-Over Errors

SYNOPSIS
x_ over leg 1[leg 2][ -A][ -C]1[-L ][ -V ][ —Wtimegap] [ -Gfact] [ -Mfact] [ -Tfact] [
—Nnp_int]

DESCRIPTION

X_over is used to inspect cruises to see if thyeintersect, and if so report the time, position, discrepan-
cies in graity/magnetics/bathymetnheading for each track segment, and therage values of the geo-
physical observables at the crosseiopoint. The names of the legs are passed on the command ling; If the
are identical or only one name is passed, thewer looks for internal crosswers. The optional parame-

ters are:

-A Use an Akima spline to interpolate the geophysical field at the cvespaint.
-C Use a Natural Cubic spline function instead.

-L Use a linear interpolant [Default].

-W Do not compute crossvers if the 2 nearest points are more thiaregapminutes apart.
-G Scale gravity byact[Default is 0.1 since gmt-files store gravity in g.u.]

-M Scale magnetic anomaly Ifgct[1.0].

-T Scale bathymetry bfact[1.0].

-N Specify hev mary points to use in the interpolation [Default is 6].
-V Verbose, report the number of crosgrs for this pair of legs.
BEWARE

The COEs found are printed out to standard output in ASCII format. The first record contaigsémeds

and their start yeawhereas subsequent recordseéhtie data for each COE encountered. The fields written

out are lat, lon, time along track #1, time along track #2, xitgra<_magnetics, x_bayimetry average

gravity, average magnetics,varage bathimetry heading along track #1, and heading along track #2. Sign
corvention: If lega and legb are passed on the command line, then the COE valatués (igga) - Value

(legb). Itis recommended that the Akima spline is used instead of the natural cubic spline, since it is less
sensitve © outliers that tend to introduce wild oscillations in the interpolation.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
X_remove — Remove QOEs for Selected Cruises from the Data Base

SYNOPSIS
x_remove removefile —Xxbase] [ —Llegbasg [ -V ]

DESCRIPTION
x_remove will read a list of 'bad’ cruises, read tiSYSTEM data base files, and write outnXSYS-
TEM files that do not include ICOEs generated by the bad cruises. This is useful if certain cruises turn
out to hae g/stematic errors (e.g. the topogrgpralues were inadrtently gven as ithoms instead of
meters), and we would kkto re-runx_over/x_update after the systematic errorsvgabeen rectified. The
new file names will consist of the old file names with the suffixv agpended.

-X Indicates alternate xbase file [Defaulkis base.h
-L Indicates alternate legbase file [Defaulkxs legs.h
-V Means operate in verbose mode.

SEE ALSO
GMT(1), x_syster(l)

REFERENCES

Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME

X_report — Report Cross-Over Error Statistics for Cruises
SYNOPSIS

x_report [ leg] [ —Xlegbasg [ -G -M -T ]
DESCRIPTION

X_report reads the x_system data base file and prints out statistics for gadhédestatistics are the num-
ber of, means, and standard deviations of COEs for both the internalttanthbcases. One or more data
types (GMT) may be specified.

leg Report orlegonly. [Default is all legs].

-X Specify alternate tpdata base [Default isx_legs.h

-G Give information for Gravity crosswers only [Default is G, M, and T].

-M Give information for Magnetics crossagrs only [Default is G, M, and T].
-T Give information for Topographcross-aers only [Default is G, M, and T].

SEE ALSO
GMT(1), x_syster(l)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
X_setup— Determine Pairs of Legs that need Cross-Over Checking

SYNOPSIS
x_setup[ —Llegfile] [ ~-Rwest/east/south/north
DESCRIPTION
X_setupscans thgmtindex.kfile that contains information on which legs ocgugach 1 by 1 degree bin

and reports all the pairs of legs that masgriap. Each pair is only reported oncegr if the two legs
involved are found in other bins also.

-L Only report pairs where at least one of the legs are presentlagfie
-R The region of interrest. [Default is world]
BEWARE

The-L option is useful when one wants to check out a handfulwfcngises. Obviously we only need to
compute COEs for the pairs thavdlve ane or tw of the nev cruises, since all the other combinations
have dready been done.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
x_solve_dc_drift— Find Best-fitting D.C.-shift and Drift Estimates

SYNOPSIS
x_solve_dc_drift [ —-Xxbase] [ -Llbase] [ -lignorefile] [ =S ] [ —Citeration ] [ —-Mmin_nx] [
—Rwest/east/south/norf{ —Uuselegsfilg [ -V ][ —Bbinfile] [ ~AASCIIfile]

DESCRIPTION
x_solve_dc_driftwill read the database files and, by iterating, find the best-fitting regression line to the
<time,COE> points for eachdethat minimizes the werall standard dgation of the data set in a least
squares sense. Finalbprrection file(s) are created.

-X Indicate an alternate database to read. [Defaxk ibase.b

-L Indicate an alternate legbhase to read. [Defauix isegs.h

= Ignore information for certain legs (that might be bad, etc).

-S Reset the old d.c.-shift and drift estimates to zero before iterating.
-C Specify hov mary iterations to do. Default is interaai ssion.

-M Solwe for drift only if the lg has more thamin_nxcross-oers.

-R Only talke QOEs inside this region into account. [Default is world].
-U Solwe for corrections imolving COEs from legs in theselegsfilenly.
-B Create a binary correction file (which can be read Bigt andgmtlist).
-A Create an ASCII correction table. At least one-Afand-B must be specified.
-V Operate in verbose mode.
BEWARE

The reason for theM option is that if the COEs arewigthen a stable estimate of the slope may not be
obtained (e.g. when most of the COEs occur midway between portsgvétoin most cases theutk of

the COEs do occur near the ports so that a drift estimate can be compatedational wisdom recom-
mends plotting the time-series and the computed regression line to see if it makes sense.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
X_system— A Cross-Over Error Analysis Tool

INTRODUCTION

The x_systemwas devdoped to aid in the task of gridding geophysical track data, gravity,
magnetics, or baymetry, It has long been recognized that although the data quality along track may be
quite good, one usually finds discrepancies at the points whelteaivks intersect. These crosgoerrors
(COE) can be large enough to cause artificial features in the final gridded dataset, outichender geo-
logical interpretations of such a map questionable. Also, notoriously bad cruises will generate high COEs
along their tracks, and should ideally be reetbfrom the data base before gridding is attempted. The rea-
sons wly COEs arise are mgrand will not be dealt with here. Although originally intended to be used for
marine gravity data on|yx_systemhas been designed to handle magnetics and bathymetry as well. (For an
overview of gravity COEs, see Wessel and Watts [1988]). In most cases, marivity gE&®Es can be
explained by a simple model having only 2 parameters. These are a d.c.-shift and a drift-rate that apply for
the duration of the cruise. The goal of the COE analysis is thus to determine the dc-shifts and drift-rates for
each Ilg that will minimize the COEs in a least squares sense, and at the same time flag cruizbibihat e
unreasonably high COEsv@m dter correction for d.c.-shift/drift). Furthermore, we can also assign a 'qual-
ity index’ for each cruise by looking at the standardiateon of the COEs. The d.c.-shift/drift rate model
may not be as meaningful for magnetics and bathymetry as it is fatygtdoweve, looking for high
COEs is still one of the best ways of identifying systematic errors in the magnetic/bathymetric data sets.

x_system PHILOSOPHY

Since the d.c.-shift/drift corrections for asgi cruise depend entirely on theslues of the COEs
generated at intersections with other cruises, there is no such thing as a ‘final correction’ as loregps we k
on adding data to the data base. This means that the system must be able to incowdediteamel com-
pute a ne set of d.c.-shifts/drift-rates that tak the n& COESs into accoun_systemis made modular so
that one program computes the actual COEs, one programeartté COE information, and the remain-
ing programs do various tasksdikeporting statistics (to flag bad cruisesitracting a subset of the COE
database, and solving for the best fitting d.c.-shift/drift corrections. Tysonly the n&@ COEs generated
need to be computed and added to the database befavecarrection solution is sought.

All the 8 programs that makup he x_systempackage hae keen written in the C programming
language and are intended to be run on a UNIX machine. Thus, it is assumed that the user has access to
UNIX tools like awk, gep, and sort, and that the operating system ypides a means for redirecting
input/output. Lilewise, it is assumed that all the geggical data are stored in the GMT-format as outlined
in the GMT MGG supplements man pages, and that the 1 bygfedebin information files (gmtingdo
and gmtlegs.b) h& bkeen created and are being maintained by the database librarian.

HOWTODOIT

To illustrate hev one would set things up, we will go through the necessary steps and point out
usage, useful tricks, and pitfalls. (A more complete description of what exactly each program does can be
found in the man pages for each programje will assume that we initially h&@ N quises in our GMT
data bank, and that we justveaeceived thex_systempackage. The first thing to do is to ninit which
will create an empty data base system. This will normally be done only @fiteN cruises on our hands
we will in the worst case ka b compare the N*(N+1)/2 possible pairs. This is whereetupcomes in
handy It will read the 1 by 1 dgee bin information files and print out a list of pairs that need to be
checled. The tw cruises that makup a @ir will at least once occyphe same 1 by 1 degree bin, and may
thus intersect. Those combinations which do nethany lins in common obviously donhaveto be
checked. Les all this list of pairs xpairs.lis.

X_over is the main program in the package as it is responsible for locating and computing the
COEs fer details on algorithm, see Wessel [1989]. It takes dwise names as arguments and writes out
all the COEs generated between them (f)aBince xpairs.lis may contain quite avfpairs, the most &t
cient way of runningk_over is to create anxecutable command (batch) file that stattsver for each
pair. Using awk to do this, we would say:

pratt% awk '{ printf "x_over -<options> %s %s\n", $1, $2}' xpairs.lis > xjob
pratt% chmod +x xjob (makit executable)
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pratt% xjob > xjob.d &

and relax while xjob is crunching the numbers. This is the time-consuming part of the COE analysis, and
on a SUN-3 computer with Floating Point Accelerator installed werage about 10,000 pairs of
cruises/daylt may pay of to split a huge xjob file into smaller parts, and call the output files.cjgb
xjob.d2 etc. Most of the run-time is taken up by reading the GMT files; when in memory the actual compu-
tations are remarkably fast. The output file xjob.d wilvrfmveall the COE information in ASCII form.
For each pair of lgs there will be a header record stating the names of the cruises and their starting years.
The following records up to the xteheader record (or End-Of-File) will contain lat, lon, time, value, etc.
for each COE found. This is a temporary file, but it is wise to back it up to tape just in case.

When thex_over part is done, time has come to avehhe data more efficiently than ASCII files.
This is done by _update which rearranges the data and updates the binary data base system. After this
step the xjob.d files can be deleted (presuminyg lagebeen backed up to tapeht this stage we ha
several options mailable. We can list some of the COEs by runnirglist, which will extract COEs that
match the options we pass, e.g. we might ask for all the internal COEs for cruise c2104, and only print out
time and gravity COE. See the man pages for more detaitsport can be run, and will output statistics
for separate cruises, i.e. mean and standard deviation of the COEddi@ntifiata sets (grity/magnet-
ics/battymetry). To solve for the best fitting corrections we would rnsolve_dc_drift This program will
solve for the d.c.-shift/drift-rates for all cruises, update that information in the data base system, and create
correction tables (ASCIl and/or binary).eWave nov completed the COE analysis for our initial GMT
data bank.

At some later time, hoever, we will get a nev batch of cruises. \&/will then follow the the same
recipe and go back and rynsetup but this time we will use theL option so that only the pairsviolving
new cruises are returned. Then we would run the remaining programs exactly as descrbed abo

SEE ALSO

GMT(1),

AUTHOR

Paul Wessel, Lamont-Doherty Geological Obssory, Palisades, NY 10964Wessel, PXOVER: A Cross-
over Error Detector for Track Dat&omputes & Geosciences, 1833-346.

Wessel, Pand A. B. Watts, On the Accurpaf Marine Gravity Measurementd, Geophys. Res., 93
393-413, 1988.
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NAME

X_update - Archiving of Cross-Over Information
SYNOPSIS

X_updatecross-overfild —Xxbase] [ -Llegbasd [ -V ][ ~“Wmax]
DESCRIPTION

X_update reads the ASCII file produced by over and writes the information to the database files
xx_base.landxx_legs.qunless other filenames are specified on the command line) using a compact, binary
format. The options recognized are:

-X Indicate alternat&x_base.lile.
-L Indicate alternatex_legs.Hile.
-V Verbose. Reports the pair currently being processed.

-W Prints a warning if the number of COEs generated lpypain of legs exceethax

BEWARE
For security reasons thex_legs.bare first renamed tg&x_legs.b_oldto prevent loss of information if a
black-out or system crash should occur during writing of thexoe legs.ile. It is recommended that the
old file is left on the disk in case of other disasters. Notexthapdate does not check if a pair ofde
already exist in thex_base.Hile. It is the uses responsibility to ensure that duplication of information
does not occurshould some pairs already in the database need to be re-examined, themernave
which will wipe out all traces of the specified cruises from the x_system data base fileweNan pass
the pairs that need to be redone throxgbver/x_update again.

SEE ALSO
GMT(1), x_syster(l)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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