


Editor's Remarks

The new Serfes oD Sprtfoz A7ia!grsds  will  be  devoted  to  longer  contributions  from  the  Kansas
Geological  Survey  to  the  understanding  of  variation  in  geologic  phenomena  through  time  and
space.   The  publications  will  encompass  theoretical   studies,   methodology   and   algorithms,   and
case  histories  and  demonstrations.   The  common  thread  running through  the series  will  be  con-
cern with the manner in which geologic properties change from point to point.

The  Ser{es  o7}  Spr€¢'oZ  Anazysis  should  not  be  regarded  as  a  continuation  of  the  earlier  Kan-
sas  Geological  Survey  Compttfer  Co"£rt.I)wt®.ous.   The CC's were a highly successful series designed
to serve as a publication outlet for geologically oriented  computer  programs  at  a  time  when  no
appropriate  medium  for  their  distribution  existed. With time, regular mechanisms for publication
Of programs  developed,  sock as the  Jourrral  of the   Iuterrationaz   Association  for   MatheTuntieal
Geology,  Computers  b  Geosciences,  Computer  Appzicatione, a:nd Geocom Progranrs, and the CG
series  was  no  longer  necessary.   The  Series  o"  Spc!t3.oZ  A7.azgrsis  will   contain  monographs   which
are  too  long  or otherwise  not  appropriate  for  these  publications.   In  addition,  the  series  will  be
confined  to  contributions  from  the  Kansas  Geological  Survey  and  associated  individuals.

The first paper in this series is by Robert J.  Sampson of the Operations Research Section of the
Kansas  Geological  Survey.   The  SURFACE  JJ Grapht.es  Sgrstem  is  a  user's  manual  for  the  com-
puter  contouring  and  graphics  display  system  developed  by  the Kansas  Survey,  as  currently  im-
plemented  at the  Computation  Center  of The  University  of  Kansas  and  at  other  facilities.   It  is
appropriate that this is the initial paper in our new series, because SURFACE 11 has been the pri-
mary tool used by the Kansas  Survey in its  investigations  of spatial  variability.   As  a result,  SUR-
FACE  11  incorporates  options  and  statistical  procedures  not  ordinarily  found  in  graphics  soft-
ware.   Many of the  succeeding  papers  in  the  Series  on  Spc}fjoz  An4!grst.s  will   describe   investiga-
tions which extensively used SURFACE 11, or algorithms and procedures implemented as adjuncts
to SURFACE 11.

Information  concerning  the  availability  of  SURFACE   11   and  the  costs   of  licensing  agree-
ments  for its  use  may  be  obtained  by  writing  the  Editor,  Series  on  Spc!tt'oZ  Aoc!Jgrsis.   Additional
copies  of this  manual  are  available  through  campus  bookstores  at those  universities  where  SUR-
FACE  11  has  been  implemented,  or  directly  from  the   Kansas  Geologic`al   Survey.    Suggestions
or  corrections  to  the  manual  will  be  appreciated,  and  should  be  sent  to  the  Editor.   Although
every  attempt has  been  made  to  insure  that  SURFACE 11 performs as described and that the in-
structions  contained in this  manual  al.e  correct,  the  Kansas  Geological  Survey  can  assume  no  re-
spousibilfty for the use of the SURFACE  11  graphics system.

Dr. John C. Davis, Editor
Series on Spatial Analysis
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Figure  3.--Block  diagram  of  topography,   corres-
ponding  to  Figure  I.     Spacing  between  lines
is   0.2  mile.

A  thil.d  type  of  diagram  is  a  pc>stjng,   or  plotting  of  symbols  representing  observations  at
their  appropriate   X  and  Y  coordinates.     SURFACE   11  will  plot  a  specified  symbol   at  the   loca-
tion  of  each  data  point  and,   if  desired,  will   label  each  point  with  either  an  identification
number  or  the  value  of  Z  associated  with  the  point.     Posting  may  be  combined  with  a  contour
map,  producing  a  map  on  which  the  original  control  points  are   located.     Figul.e  5  shows  a  post-
ing  of  the  sanples  used  to  construct  Figure  I.     Postings  may  also  be  created  using  the  line
printer.

SURFACE  11  also  generates  displays  of  the  spatial  relationships  between  observations.
Figure  6,   for  example,   shows  the  distance  from  every  point  in  the  map  area  to  the  nearest  con-
trol  point.     Such  maps  are  useful   for  evalua.ting  reliability  of  contour  maps  made  from  il.reg-
ularly  distributed  data.

Spatial  data  may  be  transformed  in  many  ways,   leading  to  a  great  variety  of  derived  maps
and  statistical  displays.     Numerous  examples  of  such  transformed  maps  are  included  with  the
appropriate  commands  in  the  Catalog  section  of  this  manual.

Figure  4.--Perspective  block  diagl.ans  of  topography
in  GrahaLm  Co. ,   Kansas,  plotted  for  stereoscopic
viewing.     Blocks  were  originally  drawn  twice
finished  size  and  photographically  reduced  to
prevent   line  details  from  being  obscured.
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Figure  5.--Posting  of  control  points  used  to  pre-
pare  Figure  1.

Figure  6.--Distance   function  map  for  Graham  Co.
area  shown  in  Figure   1.     Map  gives  distance
from  nearest  control  point  to  all  I)oints  within
map  area.     Contour  interva.1   is   0.25  mile  distance.
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in  a  specified  direction.     The  bordering  rows  and  columns  are  blanked  out  because  the  deriva-
tive  cannot  be  calculated  at  the  edges  of  the  map.

For  many  operations,   it   is  useful  to  remove  the  drift  or  linear  trend  from  the  Z  value  in
the  grid  matrix.     This  transfoms  the  surface  so  its  values  fluctuate  around  a  lnean  of  zero.
The  operation  can  be  regarded  as  a  rigid  rotation  and  translation  of  the  surface  to  a  point
where  the  regional  dip  becomes   flat.     Trend  removal   is  accomplished  by  calculating  the  plane
of  best  fit  through  the  surface  and  then  subtracting  this  plane  from  the  surface.     That  is,
2c,r  =   Zc,I   -   (Bo  +  Bixc   +  82Yr)   Where  the  B'S  are  the  intercept  and   slope  coefficients  of

the  best-fit  plane.

Values  in  the  Z  matrix  may  be  scaled  by  val.ious  transformations  to  conform  to  a  specified

:a:8:. ranTg:y a::::::r:::I:Xsb:n:::::f2:::d=bro: 2:::;f2::r°Ber#? :::h2::rb:1:gz::::e:h:::°
in  is  a  constant.     Constant  values  may  be  added  or  subtl.acted  from  the   Zc,I.

Scaling  operations  adjust  all   elements  in  the  grid  matrix.     At  times,   however,   it  may  be
more  meaningful   to  check  the  range  of  values  in  the  matrix  and  adjust  or  delete  only  those
which   exceed   set   limits.      This  may  be   done   in  SURFACE   11   using  a  command   in  which  the  accept-
able  range  can  be  specified.

A  related  operation  checks  the  X  and  Y  coordinates  of  grid  nodes  rather  than  Z  values  of
the  nodes.     All  grid  elements  satisfying  a  specified  condition  will  be  assigned  an  arbitrary
Z  value  which  will   insure  that  they  will  not  be  represented  on  the  finished  grapl`ics  display.
This  operation  is  used  to  blank  out  areas  of  a  map  or  block  diagram.

Finally,   the  number  of  rows  and  colulnns   in  the  gI`id  matrix  may  be  changed  if  desired.
The  new  grid  elements  are  calculated  by  interpolation  from  the  original  grid.     The  geographic
extent  of  the  new  matrix  may  be  changed  if  desired,   and  the  map  area  represented  by  either
more  or  fewer  rows  and  columns.     This  allows  two  or  more  grids  to  be  brought   into  coincidence.

Mu1ti |e  Grid erations. --The  inforlnation  contained  in
combined  and displayed  in  various  ways  using  SURFACE  11.     The  only  restriction  on  grid-to-grid

more  than  one  grid  matrix  can  be

operations   is   that  the  matrices  being  combiried  must  have  the  saLine.numbers  of  rows  ;nd  coluin;.
The   sixplest  comparison  between  two  grids  is  to  find  their  difference;   this  yields  an  isopach-
ous  or  equal  thickness  map  which  shows   areas  of  equal   difference  between  the  two  surfaces.

The  operation  is   2c,r  =  Z:,I  -   Z2,I  where  the  superscript  refers  to  the  two  grids.

Two  grids  may  be  added  together  to  obtain  their  sun,   Zc,r  =  Z:,I  +  Z:,r.     If  the  two
original  matrices  represent  thicknesses,   for  example,   the  combined  matrix  represents  total
thickness  of  the  two  intervals.

An  important  ap|)1ication  of  the  ability  to  subtl`a.ct  or  add  two  surfaces  is  calculation  of
trend-surface  residuaLls.     Trend  surfaces  are  polynomial  regressions  of  the  geographic  coordi-
nates  of  sample  data  points.     Once  aL  trend  surface  equation  has  been  found,   it  can  be  used  to
evalua.te  the  surface  at  every  grid  node,   yielding  a  matrix  of  estimated  trend  values.     Sub-
traction  of  this  tl.end  surface  from  the  original  grid  matrix  yields  a  matrix  of  the  trend
residuals.

Element-by-element  multiplication  of  one  grid  matrix  by  another  yields  a  product  matrix,
Zc,r  =   Z:,r       Z:,r.     The  Inverse  Operation  fc,I  =  Z:,r   .   +r,   Corresponding  to  element-by-

element  division  of  one  matrix  by  the  other,   can  also  be  performed.     These  operations  are
especially  useful  in  the  mapping  of  statistical  quantities  or  econometric  data.     For  example,
a  grid  matrix  representing  a  map  of  per  capita  income  may  be  cross-multiplied  by  one  of  popula-
tion  to  yield  a  total  income  map.     If  the  two  grids  represent  standardized  statistical  vari-
ables,   their  cross  product  is  proportional  to  the  local  covariance.     With  appropriate  scaling
of  the  original  grids,   a  combined  grid  can  be  created  that  closely  approximates  the  point-by-
point  correlation  between  the  two  surfaces.
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Crea.tion  of  a  Grid.--Grid  matrices  can  be  read   into  SURFACE   11   from  external   sources,   but
usually  observations  neatly  spaced  on  a regular  I)attern  are  not  a.vailable.     In  the  natural
sciences  especially,   it  is  ITLore  common  to  have  data  points   sea.ttered  il.regularly  across   the
map   area.      Because   gra.phic  displays   and   transformations  can  only  be  performed  with   SURFACE   11
on  regular  grids,   the  system  has   several  provisions   for  estimating  such  grids  from  irregularly
spaced  data.     In  fact,   the  "gridding"  of  scattered  da.ta  points  is  the  single  most  important
use  of  this  graphics  display  package.

The  two  general   classes  of  techniques  for  estimating  a  regular  mesh  of  points  on  a  sur-
face  defined  at  other  points  are  called  "global   fit"  and  ''1ocal  fit"  methods.     As  the  manes
suggest,   global  estimates  are  based  on  a,ll  original  data  points  on  the  surface  and  local  esti-
mates  are  made  only  from  a  selection  of  nearby  data  points.     Trend  surface  analysis  is  the  most
widely  used  global  method.     It  consists  of  fitting  a  polynomial  expansion  of  the  geographic  co-
ordinates  to  the   Z  va.Iues  at  the  original   daLta  points  using  the  method  of  least   squares.     Trend
surface  analysis  is  related  to  the  statistical  procedure  of  curvilinear  regression.     Each  orig-
inal  observation  is  considered  to  be  the  sum  of  a  deterministic  polynomial   function  of  the
geographic  coordinates  plus  a  random  error.     That  is,

Zk   =   Bo   +   Bixk   +   82Yk   +   83Xi   +   84Yi   +    ...    +   ek      .

Here,   the   subscript  k   simply  denotes  an  original   control  point   at   location  XkYk.     The  polynom-

ial  ca.n  be  expanded  to  any  arbitrary  degree,   within  the  limits  of  computational  capability.
The  unknown  8  coefficients  are  found  by  solving  a  series  of  simultaneous  linear  equations
which  involve  powers  and  cross  products  of  the  X,   Y,   and  Z  values.     Once   the  coefficients  are
found,   the  polynomial  function  can  be  evaluated  at  any  point  within  the  map  area.     It  is  a
simple  matter  to  create  a  grid  matrix  of  Zc,r  values  by  substituting  the  coordinates  of  the

grid  nodes  into  the  polynomia.1  and  calculating  an  estimate  of  the  surface  for  each  point.

There  are  a  number  of  disadvantages  to  a  globa,I   fit  procedure.     The  most  obvious  of
these  is  the  extreme  simplicity  of  form  of  the  polynomial   surface  as  coxpared  to  most  natural
surfaces.     A  first  degree  polynomial  trend  surface  is  a  dipping  flat  plane.     A  second  degree
surface  may  have  a   single  maximum  or  minimum.      In  general,   the  number  of  possible   inflections
in  a  polynomial   surface  is  one   less  than  the  number  of  coefficients.     As  a  ccmsequence,   a
trend  surface  does  not  generally  pass  through  the  data  points,  but  has  the  characteristics
of  an  average.

A  second  disadvantage  of  polynomial  trend  surfaces  is  that  they  tend  to  accelerate  upward
or  downward  without  bounds  in  area.s   of  no  control,   such  a.s  along  the  edges  of  maps.     Admittedly,
estimation  in  such  areas  is  questionable  using  any  method,   but  trend  surfaces  seem  particularly
inappropriate .

Computational  difficulties  can  be  encountered  if  an  attempt  is  made  to  fit  a  function  of
great  complexity.     This  will  require  solution  of  a  large  number  of  simultaneous  equations  con-
taining  very  large  elements.     The  matrix  solution  may  become  unstable,   or  rounding  el.rors  may
result  in  incorrect  coefficients.

Nevertheless,   there  al.e  circumstances  in  which  trend  surface  analysis  is  an  appropriate
method  for  estimating  a  grid  matrix.     If  the  raw  data  are  random  sta.tistical  variates,   perhaps
with  more  than  one  value  at  each  observation  point,  trend  surfaces  will  have  certain  statis-
tically  optimum  properties.     In  addition,   trend  surfaces  a.re  used  as  an  approximation  of
"regional   stl.ucture"  in  geologic  structure  maps.     Autocorrelated  positive  residuals  from  the
regional   struc.ture  are  used  a.s  guides  in  petroleum  exploration.

Local   fit  procedures  are  genera.lly  considered  to  be  the  most  appropriate  for  estimating
points  on  a  complex  surface.     They  are  based  on  the  intuitively  appealing  idea  that  a  nearby
observation  is  a  better  estimate  of  the  value  of  a  point  on  a  surface  than  a  more  distant  one,
and  that  a  small  number  of  the  nearest  control  points  provides  essentially  all  of  the  informa-
tion  that  is  relevant  in  an  estimate.     In  other  words,   values  a.t  successive  locations  on  a  con-
tinuous  surface  are  usually  considered  to  be  autocorrelated,  but  the  degree  of  autocorrelation
decreaLses  with  increasing  distance  between  the   locations.









Figure  12. --Locational  efficiency  of  residential
areas  in  Topeka,   Kansas,   in  terms  of  distances
to  junior  high  schools.     Contours  are  in  units
of  locational  benefit.     Geographic  coordinates
are  in  arbitrary  units.    The  outline  of  the
munici|)al  boundary  and  the  Kansas  River  has
been  digitized  and  plotted  on  the  map.

The  analysis   was  performed  by  D.   E.   Anderson.      OriginaLl   data  were in  the  form  of  389   1oca-
tional  benefit  values  -for  neighboinoods  within  the  Topeka  school  district.     These  were  used  to
create  a  56  x  40  grid  matrix  which  waLs  then  contoured.     A  digitized  outline  of  the  metropolita.n
boundaries  of  Topeka  was  read  in  and  plotted  on  the  map.

tical   Power  S ectra  of  Images of  Sandstones.--A  two-dimensional  Fourier  transfom  of  an
a  simple   lens.     If  monochromaticthe  image  throughly  by  projecting

light  is  used  and  the  image  is  placed  in  the  front  f6cal  plaLne  of  the  lens,   the  image's  Fourier
transform  will  appear  at  the  back  focal  plaLne.     All  information  originally  present  in  the  image
is  preserved  in  the  transfom,  but  reaLrranged  according  to  spatial  frequency  and  orientation
rather  than  by  spaitial  coordinates.     Examination  of  the  optical  Fourier  transfom  will  reveal
the  relaitive  contributions  of  different  spatial  wavelengths  to  the  original  image,  emphasizing
the  presence  of  periodicities  or  oriented  structures.

The  example  shorn  in  Figure  13  is  a  digitized  optical  transform  of  a  photomicrograph  of
sandstone.     The  pattern  in  the  original  image  represents  the  contrast  between  sand  gra,ins  and
open  pore  space.     The  transform  can  be  interpreted  as  reflecting  the  size  distribution  and
orientation  of  pores  and  grains  in  the  sample.

Data  were  obtained  by  photographing  the  transform  at  the  focal  plane  of  a  laser  optical
bench,   then  digitizing  the  optical  transmission  of  the  photograph.     An  area  one  inch  square
was  digitized  on  a  1024  x  1024  grid  at  64  density  levels.     AI.eas   10  x   10  were  then  averaged

opticalimage  can  be  created
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Figure  14.--Distribution  of  gold  in  soil  samples
from  the  Ma.1vern  Hills,   England.      Sample   loca-
tions   shown  by  crosses.     Spacing  between   sam-
ple  points  is  50  meters,   contour  interval  is
0.05   ppm.

I

I

Figure  15.--Distribution  of  silver  in  soil   sam-
ples   from  the  Ma.1vern  Hills,   England.      Conven-
tions  are  the  same  as  in  Figure  14,   except
the  contour  interval  is  0.10  ppm.

These  maps  are  part  of  a  study  of  the  statistical  rela,tionship  between  gold  a.nd  silver
D.   W.    Bullard,   and   P.    K.   Harveyvalues  and  ro-ck  type  in  the  Malvern  Hills,   by  J.   H.   Doveton,

(1974) .

Derivative  Ma. of  Subsurface  Structure  in Stafford  Count
successful

Kansas. --Seal.ching   for  favor-
used  techniquesand  widelyone  of  the  moststructures  isable  subsurface in  oil  and

gas  exploration.     This  is  done  by  mapping  the  configuration  of  key  horizons   (meaLsured  directly
as  drill  hole  elevations  or  as  seismic  reflectors)   and  looking  for  closed  structul.al  highs.
A  key  factor  in  evaluation  of  potential  traps  is  the  area  or  volume  of  closure,  which  indicates
the  maximum  possible  I.esel.ves  that  might  be  contained.     It  is  difficult  to  estilnate  closul.e  area
from  contour  maps,   because  this  requires  a  fortuitous  coincidence  of  a  contour  line  with  the
minimum  closed  elevation   (spill-over  point)   of  the  trap.

If  the  structural  contour  map  has  been
SIJRFACE   11,   it   is  possible  to  differentiate
will  produce  a  map  showing   slope  components
in  the  map  area.     Reversals  of  regional  dip

pl`epared  by  an  automatic  contouring  program  such  as
the  surface  with  respect  to  the  regiona.I  dip.     This
in  the  direction  of  the  regional  dip  a.t  all  points
appear  as  negative  values  while  crests  of  anticlines





Figure  18.--First  derivative  of  the  top  of  the
I.ansing,  taken  with  respect  to  the  regional  dip.
The  contour  interva.1   is  in  slope  units  of  20
feet/mile .

in  Illinois. --Figure   19  shows  average  annual  rainfall  in  inches.                ~_____     -_L1^~     ¢-+ha     A1-1ac.
Illinois.     Data  were  taken  from  ta,bles  in  the  Atlas
--,+E>`^L`,     -~     .--_-`-___              I

recorii€;5iE6E:i=:==FT6EiH6i5Zi6tEliies  of   Illinols.     IJaTa  wt:I-e   I.aho„  iLw„  .... __   _.I   _
of  Illinois  Resources   (Section  6,   "Agriculture  in  the   Illinois  Economy").     Geographic  loca-•       .       .   I ----- ^-.`-i:-rt   +ha   ar`T`rr.ximate  centers   of  counties   on  the  Atlas   base  map.

Amua,1  RainfallAverage

tions  were  obtained  by  measuring  the  approxinate  centers  ol  cotuii.ic>  u„   „„  ,`.._.   ____   __   ,
In  addition,   595  points  were  digitized  to  fom  an  outline  of  the  state.     Digitizing  was  done
using  a  Hewlett-Pa.ckard  digitizer.

Lngs::::r::h:iecE:::::::3:c:::dg::::rae::Cheii:#o:8::;:::::[r::::u:::;:!]:Eel:1:::1:::°::;
is  low,   it  is  sufficient  to  represent  the  generalized  data  of  the  agricultural  tables.     The
original  base  map  measured  16  Inches  in  maxlmun  length;   when  plotted  at  the  scale  of  Figure  19
digitizing  inaccuracies  become  acceptably  small.

Contour  lines  outside  the   sta.te  boundaries  were   suppressed  using  the   'BLAN'K  collunand,
which  sets  all   grid  va.1ues  outside  a  line  read   in  by   'R0lrr'LINE  to  a  code  value.     No  contours
are  dram  in  areas  containing  code  values.     Note  that  contours  within  the  state  approach  but
do  not  touch  the  boundary  in  all  instances.     The  width  of  the  gap  is  a  function  of  the  loca-
tlon  of  the  digitized  line  at  the  point  of  Intersection  and  the  coairseness  of  the  grid  matrix.

Original  data  were  taken  from  the  Atlas  o£  I11|nois  Resources   (p.13,   Sec.   6).     Digitiz-
ing  was  done  by  NIs.   Mella  Voellinger.

ReaLctions.--Plots  of  the  type  shorn  in  Figure  20  are  called
Neutoniaii-mechanics;   they  a,re  a.  cormoTifi3|rEJ6;;=aT6irTElassical  Neutonlan  mecliali

`ilts  from  reactive  scattering  studies  of  gas

of  Gas  PhaseNewton  Dia
Newton  diagrams bec.ause

results   I-ron  reactive  3iali-1+,,6  .._____   __   .       .
conditions  involve  the  crossing  of  two  beans  of  reactant  molecules  in  a

of  |o-6  to  lo-7  tor|..     A  small  fraction  of  the  molecules  collide  and  react.
and  velocity  of  the  products  from  these  reactive  encounters  are  measured;

a  convenient  and  informative  way  of  presenting  these  results.     The  Plot  is~         _.   __   _   £...^+i^n   ^f  +he  nroduct'S

phase  chemical  reactions.
method  of  presenting
Typical  experimenta.1

background  pressure
The  scattering  angle

a  contour  diagram  showing  the  relative  amount  of  product  fomed  as  a  function  of  the  product's
a  Newton  diagram  is  a   convenient   anci   |Iiluriiiai,I.v-„u,   v+   r.___..__   .

velocity  and  scattering  angle.     The  shaipe  a.nd  position  of  the  contours  give  infomation  about
the  mechanism  of  the  reaction.     For  example,   if  the  reaction  occurs  through  the  formation  of  a
complex  which  rotates   several  times  before  breaking  up,  the  contotirs  will   show  a  plane  of



F[gGi:g::;i=£V:::::1:::=[[:ai:::::  :: ::i:::::.
base  map;   contour  interval  is  one-half  inch.

Fig:RT:§¥§:;-::¥:;/;::::::;:i#§g::::::::::::;e::::;::::;::;:::::;:rm

of  KrcH5  measured  at  the  detector.
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symmetry  passing  through  the  center  of  mass  velocity  of  the  system,   and  perpendicular  to  the
relative  velocity  vector  of  the  reactants.     If  on  the  other  hand,   the  complex  bI.eaks  up  befc)re
completing  one  rotation,   the  products  will  be   scattered  forward  of  the  center  of  mass  velocity.
The  distance  that  a  product  is  found  from  the  center  of  mass  velocity  is  a  measure  of  the
amount  of  internal  energy  which  it  possesses.

Figure  20  is  a  Newton  diagraln  representing  the  reaction  between  a  bean  of  ionized  Krypton
gas  and  a  bean  of  methane  gas,   reacting  to  form  the  short-lived  cation  KrcH;.     The  diagram  was
prepared  from   174  measurements   by   L.   W.   Strattan.

Artifact  Density  in  a  Ho ewell   Indian  Villa e  Site.--Within  an  archaeological   site,   the
proportions  of  different  types  of  artifacts  found  within  different  areas  provide  a  clue  to  the
location  of  centers  of  activity  when  the  site  was  inhabited.     The  internal  stl.ucture  of  a  site
can  be  determined  only  by  an  intensive,   systema.tic  collection  of  materials.

The  Young  site  is  at  the  location  of  a  Hopewell   Indian  village  near  Kansas  City,   in  Platte
County,   Missouri.     An   11   x  14  grid  of  lo-meter  cells  was   superimposed  over  the  area  and  all
material   lying  on  the  surface  within  each  cell  was  collected.     Specimens  were  sorted  according
to  type,   such  as  waste  flint  flakes  or  debitage,  pottery  sherds,   bone,   etc.     These  data  were
converted  to  percent  abundance  within  ea.ch  cell.     Two  of  the  most   commonly  found  materials   in
Hopewell  sites  are  burned  limestone,  indicating  fire  hearths  and  debitage,  reflecting  flint
tool  manufacturing.     Figures  21  and  22  are  contour  maps  of  the  relative  percent  of  these  two
types  of  artifacts  found  within  the  Young  site.

The  original  data  represent  material  collected  within  areas;   for  contour  mapping  purposes,
the  observations  are  considered  to  come  from  a  point  at  the  center  of  each  area.     These  centers
are  on  a  regular  grid  which  could  be  contoured  directly.     This  was  not  done  because  adjacent

7                    9                    ''                   1366

Figure  21.--Percentage  of  burnt   limestone  frag-
ments  within  the  Young  Hopewell  archaeological
site,   Platte  Co.,   Missouri.     Coot.dinates  are
measured  in  tens  of  meters  from  the  southwest
corner  of  the  site.     Contours  are  in  percent.
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values  are  so  different  that  a  highly  erratic  surface  would  result.     Instead,   the  origlnal
values  were  entered  as   XYZ  data  a.nd  a  much  finer  grid  constructed,   which  allowed  the  Interpola-
tion   of   Slopes   between   adja.cent   extreme   va]ile<        T+   ^an   t`^   -~ ---- I   J`___..  v.   .+vt,.3   I.t:|ween  aa]a.cent  extreme  values.      it  can  be  argued  that  contour
propriate  for  such  data,   aind  a  choroplethic  technique  should  be  used  instead.
is  that  gradients  in  density  of  artifacts  obviously  must  exist  across  the  site
variation  of  a  contour  map  is  iiiore  realistic  than  the  discontinuous  changes  of
Data  for  this  example  were  supplied  by  P.   E.   Brockington.

mapping  is  inap-
A  counterargunent
so  the  continuous
a  choropleth  map.

Figure  22.--Percentage  of  debitage  within  the
YOung   site.

--The  map  in  Figure   23   shows
and  Shawnee  counties,   Kansas.

lines  and  two  north-south  tie
only  one-third  of  the  observa-

Field
1d

Intensit
Intensity

The  dataL  were  collected
A.Tea.   o£ensity in a pT6Eil6EIE±

by  an  airborne  proton  magnetomet_ I_   _,   _.  atiuiiliie  proton  magnetometof  1000  feet.     The  area  was  covered  with  eight   east-west
lines.      observations   are   clriQalv  eT`a^al   -.+--I .--.-

Kansas

er  floun  over  the  area  at  an  altitude_ _   __ .... u   „+.H  clgnT   east-west   flightlines.     Observations  are  closely  spaced  along  the  flight  lines;
tion  points  are  plotted  to  avoid  unnecessary  clutter  on  the  map.

Because  obsel'vations  are  closely  spaced  along  widely  separated  lines,   the  map  grid  was

;;;:;i:;iii:,cig;:a!:;:c;:¥;i;;;:;:i;i;;i;::;i;;;:i:;;::;;;;;;:fi:;;;i:i:;;;::::g:i;:e:i;iij::::;;e
The  X  and  Y  axes   in  Figure  23  al`e  mea.sured  in  degrees  of  latitude  and  longitude.     Magnetic

Intensity  is  in  +50,000  ga.rmas.     That   is,   the  contour   labelled  6400  is  actually  6,400  +  50,000
=   56,400  gammas.      The  magnetic  da.ta  wet.e  gathel.ed  by  H.    L.   Yarger  and   R.   AvaLnessians  of  the
Kansas  Geological   Survey.
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95.40                                                               9§.SO

96.50                                                           96.40

Figure  23.--Total  magnetic  field  intensity  as
measured  by  an  airborne  proton  magnetometer
over  parts  of  Douglas,   Osage,   and  Shawnee
counties,   Kansas.     X  and  Y  axes  are   scaled
in  degrees  of  latitude  and  longitude.     Con-
tour  interval  is  25  gammas;   annotation  values
should  be  increased  by  50,000.

Figure  24.--Map  of  per  capita  income  in  Kansas  for
1973.     Contour  interval  in  thousands  of  dollars.
X  and  Y  coordinates  in  inches  on  digitizer  used
to  digitize  State  outline  and  county  centers.
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BRIEF   DESCRlpTloN   oF   SURFACE   11   con"ANDs

The  Catalog  of  SURFACE   11   commands   lists   the  commands   in   alphabetical   order.      However,
it  is  also  useful  to  categorize  them  according  to  function.     Some  commands  cause  a  definite
action   to   be   taken.      Examples   are   'GRID',    'CONT'OUR,   and   'ECHO'.      Other   commands   cause   secon-
dary  effects;   that  is,   they  define  conditions  that  are  used  in  executing  the  first  set  of
(active)    comlnands.       Examples   are    'AZIM'UTH,    'CINT'ERVAL,    'LINE'S,   and   'SIZC'ONTOUR.      The''active"  commands  must  be  present  in  the  list  of  commands  if  the  desired  action  is  to  take
place.     In  many  instances,   the  secondary  commands  that  may  affect   these  actions  need  not  be
explicitly  listed  if  the  assumed  value  of  their  parameters  will  produce  the  desired  results.
Below  is  an  outline  of  all  the  active  coirmands   (underlined)   as  they  are  related  to  the  opera-
tion  of  SURFACE   11.      Listed  with  them  aLre  the   secondary  commands   (not  underlined)   which  affect
execution  of  active  commands.

Commands   to  input  data:

I.       'IDXY'    -reads   in   X,   Y,   Z   sample   da.ta  points.

Execution  is  affected  by:

'ECHO'        -lists  X,   Y  coordinates  of  data  points.
'RTXY'        -rotates  X,   Y  coordinates  of  data  points.
'SUBS'ET  -specifies  which  data  points,   if  any,   are

not   to   be   stored  by   SURFACE   11.

2.       'ROUT'LINE   -reads   in digitized  ma|)  bounda.I.ies.

Execution  is  affected  by:

'ECHO'   -   lists  X,   Y  coordinates  of  digitized  outline.
'RTXY'   -rotates  X,   Y  coordinates  of  digitized  outline.

3.      'LEVE'LS   -reads   in  desired  contour  levels  and  their
annotation  code.

Execution  is  affected  by:

'ECHO'   -   lists   levels  and  annotation  codes.

Commands  used   to   create  a  grid  rna.tl.ix:

A.     Generate  a  grid  matrix  from  sample  data  points.

I.      'DMAP'   -crea.tes  aL  grid  matrix  that  is  a  function  of  the
distance  from  a  grid  node  to  data  points  selected
by  a  search  algorithm.

Execution  is  affected  by:

'EXTR'EMES   -defines   X  and  Y   limits   of  the   grid.
'NEAR'             -nearest  n  neighbors   search.
'OCTA'NT        -octant   search.
'QUAD'RANT   -quadrant   search.
'VRAD'IUS     -variable  radius   search.

2.      'GRID'   -creates  a  grid  matrix  by  interpolating  from  irregula.rly
spaced  control  points,  using  a  local  weighted  averaging
technique.
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Execution  is  affected  by:

'EXTR'EMES   -defines   X  and  Y   limits   of  the   grid.
'NEAR'             -nearest  n  neighbors   search.
'OCTA'NT        -octant   search.
'QUAD'RANT   -quadrant   search.
'VRAD'IUS     -vat.iable  radius   search.

3.      'KRIG'E  -generates  a  grid  matrix  by  interpolation  from  irregular-
ly  spaced  control  points,  using  the  process  of  universal
Kriging .

Execution  is  a.ffected  by:

'EXTR'EMES   -defines   X  and  Y   limits   of  the  grid.

4.      'TREN'D  -creates  a  grid  matrix  based  on  an  n-th  degree
polynomial  regression  of  values  of  Z  on  the  X  and
Y  coordina.tes.

Execution  is  affected  by:

'EXTR'EMES   -defines   X  and  Y   limits   of  the  grid.

8.     Read  a  matrix  into  core  from  an  external  file.

I.      'MATR'IX   -reads   a  rna.trix  written   in   BCD   fomat   into  memory.

Execution  is  affected  by:

'ECHO'   -lists   2  values   in  matrix.
'INCR'EMENT   -specifies  which  rows   and  colurms   of  an

external  matrix  will  be  stored.

2.      'REST`ORE  -   reads  a  matrix  written   in  binary  format   into
memory.

Execution  is  affected  by:

'ECHO'   -   lists   i  values   in  matrix.
'INCR'EMENT   -specifies   which  rows   and   columns   of   an

external  matrix  will  be  stored.

C.     Modify  an  existing  matrix.

1.      'BLAN'K  -sets   specified  areas  of  a  grid  rna.trix  to  a  ''blank"
code   level

2.      'DERI'VATIVE   -replaces   the   grid  matrix  with  an   approximation
of  its  first  derivative.

3.      'FILT'ER  -multiplies  a  grid  matrix  by  a  spatial   filter  or  weighted
moving  average.

4.      'ISOP'ACH  -subtracts   elements  of  one  grid  matrix  from  corresponding
elements  in  another  grid  matrix.

5.      'MADD'   -   adds  elements  of  one  grid  matrix  to  corresponding  elements
of  another  grid  matrix.

6.      'MDIV'IDE   -divides   elements   of  one   grid  matrix  by  corresponding
elements  of  another  grid  matrix.
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ASSUMED   ORDER   OF   EXECUTION   OF    SURFACE    11    COMMANDS

The  order  of  appearance   of  SURFACE   11   commands   in  the  control   card  sequence  is  not  neces-
sarily  the  ol.der  in  which  the  commands  will  be  executed.     Thel.e  is  an  assumed  order  of  execution
which   can   be   controlled   by  the  user   by  using   the   'PERF'ORM  command.      SURFACE   11   reads   all   Com-
mands   in  the   control   deck  until   it   encounters   a   'PERF'ORM  command.      The  active   cormnands   are
read  and  executed  in  the  following  order:

Input   commands :

MaLtrix  modification/creation  commands :

6.        'GRID,
7.        'KRIG,E
8.        'TREN'D
9.      ,Dun'

10.        'REGR,ID
11.         'MLEV'EL
12.        'FILT'ER
13.        ' I)ERI'VATIVE
14.        '  ISOP'ACH
15.          ,MADD '

16.         'MDIV'  IDE

17.         'MMUL 'TIPLY
18.         'MSMO'OTH
19.         'RANG'E

20.         'SCAL'E
21.         'BLAN'K

Output   commands :

22.        'MOUT'PUT
23.         ,ODXY'

24.        ' SAVE'
25.        'PCON'TOUR
26.       'PPOS,T
27.        'NNA    ,
28.        ' ERAN'ALYSIS
29.        'HIST' OGRAM

Plotting  comands :
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SURFACE   11   control   operations:

I.      'CLEA'R   -clears  memory  of  all   previous  data  and   commands.

2.      'DEVI'CE   -turns  on  a  specified  plotting  device.

3.      'FINI'SH  -turns  off  a  plotting  device.

4.      'OFF   '   -negates  the  effect  of  a  previously  specified  comliiand.

5.      'PERF'ORM   -executes   the  preceding   string   of  SURFACE   11   commands.

6.      'STOP'   -halts  all  execution.

7.      'TITL'E   -labels  the  top  of  each  page  of  output.
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Figure  25.--Relationship  of  viewing  position  to
the  grid  matrix  in  a  block  diagram.     Azimuth
is  measured  in  degrees  counterclockwise  from
', south . „
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Figure  26.--Perspective  block  diagram  of  subsur-

face  geologic  structure  in  part  of  Graham  Co. ,
Kansas.     Azimuth  of  viewpoint   is   25°,   or  from
the  southeast.
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Figure  30.--Average  annual  rain fa,11   in   Illinois,
in  inches.     All  contours  outside  the  digi-
tized  state  bounda.ries  were  suppressed  by
I  BLAN I  K .
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Figure  33.--San`e  map  as  in  Figure  32,   but  with
rna.rgin  labeled  at  alternate  tick  rna.rks  orig-
inating  at  one.

BOX      1.5,2,I.5,2,I,0,0,I,0.1

BOX      1.5,2,I.5,2,I,1.5,I.5,1,0.I

BOX      1.5,2,1.5,2,I,1,1,1,o.I

BOX      1,2,I,2,1,I.5,I.5,I,0.1

BOX      I,2,1,2,I.0.5,0.5,I,o.1

BOX      1,2,1,2,I,0,0,1,0.I

0.0                      3.0

1.5                         4.5

1.0                         4.0

1.5             3.5             5.5

0.5             2.5             4.5

0.0            2.0            4.0

Figure  34.--Exaniples  of  different  labeling  con-
ventions  that  can  be  created  using  the   'BOX   I
cormand.
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'CINT'ERVAL   -   specifies  the  spacing,   annotation,   and   labeling  of  contour  lines.

Field
Number Parameter  Descri

Source  of  contour  level  reference  table.
If  0,   table  based  on  parameter   2,   3,   and  4.
If   1,   use  reference   table  plus   'LEVE'LS

command .
If   2,   use    'LEVE'LS   only.

Elevation  of  the  base  contour  level,   from
which  other  contour  levels  will  be  ca.1cu-
|ated .

Increment  between  each  successive   level.

Maximum  number  of  contour  levels  to  be
generated.
If  0,   a  sufficient  number  of  contours  will

be  generated  to  cover  the  entire
range  of  data.

Label   every  Nth  contour   line.

Height  of  numerals  in  label,   in  inches.

Number  of  characters  to  the  right  of  the
decimal  point  that  are  to  be  included  in
1 at) e 1 .

Minimurn  distance,   in  inches,   between  succes-
sive  labels  on  contour  lines.

Plot  every  Nth  contour  as  a  heavy  line.

Assumed
Value

Variable

0

4o9o   of  map
size,   measured
in  the  longest

dimension

5

The   'CINT'ERVAL  command   specifies   the  nature   of  contour   lines   to  be  drawn  on   a  map.
Contour  intervals  defined  by   'CINT'ERVAL  are  equally  spaced.      If  intervals  of  differing  sizes
are  to  be  used,   the  values  of  individual   contour  levels  must  be  read   in  with  the   'LEVE'LS
Comunand.     The  assured  value  of  parameter  three  is  vaLriable  and  depends  upon  the  physical  dimen-
sions  of  the  map.      If  the  smallest  map  dimension  is   less   than  10  inches,   the  increment  between
successive  contour  levels  will  be  adjusted  to  a  rational  value  that  will  yield  a  maximum  of
fifteen  contour  intervals  covering  the  range  of  the  original  data.     If  the  smallest  map  dimen-
sion  is  less  than  20  inches,   a  maximum  of  thirty  contour  intervals  will  be  generated.     If  the
Smallest  map  dimension  exceeds   20  inches,   up  to   sixty  contour  intervals  will  be  used (Fig.   36) .

Parameter  thI.ee  cannot  be  0  or  negative.     Only  those  contour  levels  that  fall  within  the
range  of  va.Iues  in  the  grid  matI.ix  will  be  used.     If  none  of  the  specified  contour  levels  are
found  within  the  range  of  the  grid  matrix,   the  contour  map  will  not  be  draun.

If  parameter  four  is  larger  than  0,   contour  levels  are  generated  by  adding  successive
integer  multiples  of  parameter  three  to  the  base  contour  level.     For  example,
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CINT      0,560,5,6

indicates  that  the  lowest  contour  level   is  S60  feet,   the  contour  interva.I   is  5  feet,   and  a
total  of  6  contour  lines  will  be  drawn.     Contour   lines  would  be  drawn  at  eleva.tions  of  560,
565,   570,    575,    580,   and   585   feet.

E468
Figure  36.--Structure  contour  map  of  the  top  of  the  Pennsylvania.n

Lansing  Group  in  part  o£  Graham  Co.,   Kansas.     Contours  have
been  dra`m  at  the   levels  calculated  under  the  assumed  values
of   the    'CINT'ERVAL   cormtand.

10

By  proper  selection  of  parameters  two,   three,   and  four,   it  is  possible  to  represent  only
values  which  fall  within  a  specified  range  on  a  map.     As   a.n  example,   Figure  37   shows  third
order  trend  surface  residuals   from  Lansing  structure  in  a  paLrt  of  GI.aham  Co.,   Kansas.     Only
positive  residuals  have  been  contoured.     Compare  this  illustration  with  Figure  167.

a                          4                          6                          e                         io

Figure  37.--Residuals  from  a  third  order  trend  surface  fitted  to  the  data
shorn  in  Figure  36.     Twenty  contour  lines  have  been  specified  covering
the  range  0  to  +200  feet,   so  only  positive  residuals  are  shown.
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If  pal`alTleter  four  is  set  to  0,   the  contour  levels  a.re  defined  by  adding  and/or  subtract-   =

::5ys:;:::s:::t:::e5::eT:I::::e:r:fw::;I:o:i:u:a:;:e::a:a::e:r|:r::et::I:a::.:::t::: ::::1       5
As   an   exaLmple,   consider   the   comlnand

CINT     0,0,25,0

where  the  range  of  values  in  the  grid  matrix  extends  fl.om  745  to  903.     The  base  value  ls  0
and   the  contour   Interval   is   25.     The   contour  table  would  be:     0,25,50,75 ,..., 700,725,750 ,...,
875,900,925 ,....   However  only  the  values   that  are  in  the  range  of  the  grid  matrix  will  be
used:      700,725,750,775,800,825,850.875,   and   900.     Tlie   same  results   could  have  been  obtained
using  the  command

CINT     0,1000,25,0
In  this  case  the  contour  Interval  is  subtracted  from  the  base  value  to  fom  the  table:
1000,975,950 ,..., 750,725,700 ,....   Only   the  values   between   700  and   900  will   be  used.

By  setting  parameter  four  to  0,   the  user  ha.s  the  greatest  flexibility  ln  defining  the

::::°::t::¥:1:n:;  ::eu:::t::rat:::i,a:t±:Sr:::i::::Ssary  to  know  the  range  of values  in  the

Parameters  five  through  nine  control  labelling  of  the  contour  lines.     If  all  Contour
lines  are  labelled,   the  map  may  become  cluttered  and  difficult  to  I.ead.     Pal`ameter  five  spec-
ifies  the  number  of  lines  to  be  annotated.     The  a.ssumed  value,   for  example,   will  cause  every

;;L€f;;;:i:€e€i::!j:i:;:¥€ej:::§T::e:€P§h:ia§Ci:1:=el€Z€e;::1:n;t¥:;C§h:;;;:Ojf;€t:h;e:¥C€h€ai:a:Cj:e€r;S;;§€e:d;€f;oar:;a;:ij:a:-.
itself.     La.bels  are  automaticaLlly  oriented  and  are  placed  on  the  line  only  at  locatlons  where
they  can  be  easily  read.     SURFACE  11  begins  searching  for  a  suitable  location  for  the  next
label  after  moving  the  minimum  distance  specified  by  the  eighth  paralneter.     The  next   label  is
not  written,   however,   until  an  aipproximately  stl.aight  segment  of  the  necessary  length  is  found
on  the  contour  line.

Parameter  nine  colltrols  the  dl.awing  of  bold  or  heavy  contour  lines.   Every  Nth  line  above
and  below  the  base  contour  line  will  be  bold.     These  lines  are  not  necessarily  the  sane  lines
selected  for  annotation.     Figures  38  and  39  denonstrate  some  of  the  available  options  of
'CINT'ERVAL.     The  commands  used  to  operate  these  two  illustrations  are  given  belo„

Read   XYZ   data,
calculate  and
plot  Figure  38

Plot  Figure  39

TITLE
DEVICE
IDXY
ExmEMEs
GRID
CONTOuR
CINTERVAL
SIZCONTOUR      1,6,3.6    ---- '-'-.v.`

3?ERXFORM              I.2.l,2,0,0,o,I,o.I
CINTERVAL         0,0,10,O,4,0.1,o,2.o,2
CONTOUR
PERFORM
STOP

CINTERVAL   TEST   FOR   SURFACE   MANUAL
I,  , DAVIS '
200",4,2,3,4,l,0,1,9999,'(F6.0,2F12.5,F7.0)'
0,10,0'6
1, 0. 2' 0. 2,1

0'O'|0,0,5,O.I,o'2.o'o
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Figure  38.--Map  of  da.ta  shorn  in  Figul.e  36  contoured  at
10  foot  intervals,  with  every  fifth  line  annotated.

Figure  39.--Map  of  da.ta  shown  in  Figure  36  contoured  at
10  foot  inter.vals  with  every  fourth  line  annotated
a.nd  every  second   line  drawl  bold.
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'CLEA'R   -      resets   the  parameter.s   of  all   SURFACE   11   commands   to  their  assumed  values   and

clears  the  grid  matrix,   the  filter  matrix,   sample  data  points,   contour  levels
table,   and  outlines   from  memory.

NO   PARAMETERS.

'CLEA'R  removes  all  previous   cormands  and  clears  memory.      It  has  the  effect  of  starting  a
new  SURFACE   11   job,   except  thaLt   the   'DEVI'CE   cormand  remains   as   initially  defined.     The  com-
mand  a.1lows  the  user  to  execute  multiple  runs  using  different  data  sets  without  submitting
each  as   separate  jobs.      'CLEA'R  should  not  be  used   if  previously  set  parameters  or  values  in
the  grid  matrix  will  be  used  in  the  new  plot.

IMPORTANT  NOTE:      'CLEA'R  is   executed   immediately  at   the  point  where  it   is   encountered   in
the   command   sequence.      Therefore,   a   'CLEA'R   command   should   immediately   follow  a   'PERF'ORM  colli-
mand.      Any   commands   between   a   'PERF'ORM  and   a   'CLEA'R   will   be   removed   by   'CLEA'R.









Figure  41. --Contour  map  of  subsurface  geologic
stmcture  in  part  of  Grahan  Co. ,   Kansas,   draun
with  an  extremely  coat.se  grid.     GI.id  coarseness
causes  excessive  angular.ity  in  the  contour  lines.

Figure   42.--Contour   lines   in  Figure  41   smoothed
by  piecewise   Bessel   interpolation  within  each
grid   cell.     Note   that   smoothing  may  cause   con-
tour  lines   to  cross   in  cel`tain  circumstances.
Unlike   the    'MSMO'OTH   command,    smoothing   of
contour  lines  does  not  affect  the  Z  values   in
the  grid  lnatrix.



Figure  44.--Surface  with  closed  depressions  indi-
cated` by  hatchuring  of  all  enclosing  contour
1 ine s .









PARAMETER  3

Figure  47.--Layout  of  I)lots  on  a  sheet  of  paper,
showing  how  parameters  of   'DEVI'CE  affect
spacing.
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Figure  48.--Perspective  block  diagl.am  of  subsur-
face  geologic   structure  in  part  of  Graham  Co. ,
Kansas.     Distance  to  viewpoint   is   7  map  units.
Severe  convergeT`ce  of   lines   causes   compl.ession
of  the  block  so  its  overall   size  is  reduced.

Figure   49.--Block  diagran  viewed   fl`om  a  point   20
map  units   away.     Note   slight   downward   conver-
gence  at  this   close  viewing  distance.



Figure   50.--Block  diagraln  viewed   from  a  point   100
map  units  away.     Block  has  moderate  front-to-
back  convergence  and  no  perceptible  downward
convergence .

--_--

Figure   51.--Block  diagrari  viewed   from   10,000
map  units  away.     This   is   the  view  created  by
the  assured  value  of  the   'DIST'ANCE   command.
There  is  no  measul`able  convergence  of  receding
1 ines .
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Figure  53.--Distance  from  every  grid  node  to  the
farthest  of  the  control  points  used  in  its
estimation.     Data  are  the  same  as  in  Figure  52.
Contour  inter`/al  is  0.25  miles  distance  away
from  farthest  estimating  point  found  by  a
nearest-neighbors  search  for  eight  points.

Figure  54.--Standard  deviation  of  distances  from  a
grid  node  to  the  points  used  in  its  estimation.
Data  are  the  same  as  in  Figure  52.     Contour  in-
terval  is  0.25  miles  standard  deviation.     Standard
deviations  are  calculated  for  the  eight  points
found  by  the  specified  nearest-neighbor  search.
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AUXILIARY   COMMANDS   used   with    'DMAP'  :

' EXTR ` EMES
I NEAR ,

' OCTA ' NT
' QUAD ' RiNI
' VRAD '  IUS

The   'EXTR'EMES   command   establishes   the  X,   Y   limits   of  the  map.      The  next   four  commands
allow  the  user  to  specify  the  search  procedure  which  finds  the  nearest  data  points  which  will
be  used  in  the  distance  calculations.     The  search  is  conducted  around  each  grid  node  to  be
estimated.     If  the  search  around  a  grid  node  does  not  find  an  acceptable  number  of  sample  data
points  for  calculation  purposes,   the  grid  intersection  is  assigned  a  code  value  for  missing
data.     Contour   lines  will  be  omitted  in  gI`id  cells  conta.ining  a  node  that  has  been  assigned
this  code  value.

The  sample  data  points  near  gach  grid  node  are  selected  by  the  search  procedure  specified.
If  no  search  method  is   specified,   a  nearest  neighbor  search   ('NEAR')   is  used  with  the  assumed
values   for  the  coTmnand  controlling  the  number  of  nearest  neighbors,   the  maximum  allowable  dis-
tance  to  the  nearest  data  point,   and  the  maximuim  search  radius.

There  is  a  certain  compromise  involved  in  selecting  the  search  radius  and  the  number  of
Points  to  be  sought.     If  these  values  are  selected  so  a  large  number  of  search  failures  occur,
the  nap  will  contain  numerous  incolnplete  contour  lines.     On  the  other  hand,   specification  of  a
large  search  radius  or  a  large  number  of  data  points  to  be  included  in  each  search  may  intro-
duce  excessive  avel.aging  and  loss  of  detail  in  the  grid  matrix.
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'ECIN'TERVAL   -specifies   the   spacing  of  elevated  contour   lines  on  a  block  diagran  made

using   the    'ECON'TOUR   command.

Field
Number Parameter  Descri

Source  of  contour  level  reference  table.
If  0,   table  based  on  parameter  2,   3,   and  4.
If   1,   use  reference  table  plus   'LEVE'LS

command .
If   2,   use    'LEVE'LS   only.

Elevation  of  the  base  contour  level,   from
which  other  contour   levels  will   be  calcu-
|ated .

Increment  between  each  successive   level.

Maximum  number  of  contour   levels   to  be
genel.at ed .
If  0,   a  sufficient  number  of  contours  will

be  generated  to  cover  the  entire
range  of  data.

Assuned
Value

Variable

0

The   'ECIN'TERVAL  coiunand   specifies   the  nature  of  contour  `1ines   to  be  draun  on  a  block
diagram.     Contour  intervals   defined  by   'ECIN'TERVAL  a.re   equaLlly  spaced.      If  interva.Is  of  dif-
fering  sizes  are  to  be  used,   the  values  of  individual  contour  levels  must  be  read  in  with
the    'LEVE'LS   command.

The  assumed  value  of  parameter  three  is  variable  and  is  adjusted  to  a  rational  value  that
will  yield  a  maximum  of  fifteen  contour  intel.vals  covering  the  range  of  the  original  data.
Pa.rameter  three  cannot  be  0  or  negative.     Only  those  contour  levels  that  fan  within  the  range
of  values  in  the  grid  matrix  will  be  used.     If  none  of  the  specified  contoiir  levels  are  found
within  the  range  of  the  grid  matrix,   the  block  diagram  will  not  be  draun.

If  pa,rameter  four  is   larger  than  0,   contour  levels  are  generated  by  adding  successive
integer  multiples  of  pal.ameter  three  to  the  base  contour  level.     For  example,

ECIN      0,560,5,6

indica.tes  thaLt  the  lowest  contour  level   is  560  feet,   the  contour  interval  is  5  feet,   and  a
total  of  6  contour  lines  will  be  draun  on  the  block.     Elevated  contour  lines  would  be  draun
at   elevations   of  560,   565,   570,   575,   580,   and   585   feet.

If  parameter  four  is  set  to  0,   the  contour  levels  are  defined  by  adding  and/or  subtra.ct-
ing  successive  integer  multiples  of  the  contour  interval  to  or  from  the  base  contour  level.
Only  those  Contour  levels  that  are  within  the  range  of  values  in  the  grid  matrix  are  used.
As   an   example,   consider   the  command

ECIN      0,0,25,0

where  the  range  of  values  in  the  grid  matrix  extends  from  745  to  903.     The  base  value  is  0
and  the  contour   inter.val   is   25.     The   contour   table  would  be:      0.25,50,75 ,..., 700,725,750 ,...,
875,900,925 ,....     However  only  the  values  that  are  in  the  range  of  the  grid  matl.ix  will  be



72

used:      700,72S,750,775,800,825,850,875,   and   900.      The   same   results   could   ha.ve  been   obtained
using  the  command

ECIN       0,1000,25,0

In  this  case  the  contour  inter.val  is  subtracted  from  the  base  value  to  fom  the  table:
1000,975,950 ,..., 750,725,700 ,....   Only  the  values   between   700   and   900  will   be  used.

By  setting  pa.raneter  four  to  0,   the  user  has  the  greatest  flexibility  in  defining  the
contour   levels  to  be  used  on  a  map.     It  is  not  necessary  to  know  the  range  of  va.1ues   in  the
grid  matrix;   only  the  contour  interval   is  requil.ed.

Examples  of  block  diagrams  with  elevated  contour   lines  are  given  with  the   'ECON'TOUR
command.     Operation  o£   'ECIN'TERVAL  parallels   that  of   'CINT'ERVAL:   refer  to  that   section
for  additiona.I   examples  which  use  a  contciur  map.
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'ECON'TOUR   -    creates  a  perspective  block  diagram  with  elevated  contour  lines.

Field
Nunbel. Paraneter  I)escri

If  0,   the  block  diagran  will  have  a  base.
If  I,   only  the  surface  will  be  displayed.
If  2,   vertical  grid  lines  will  not  be

drawn  on  base.

Percent  of  range  in  X-  or  Y-direction
(whichever  is  greater)   into  which
the  range  of  Z  will  be  scaled.
If  0,   no   scaling  is  done.

Determines  the  directions  of  lines  across
the  surfa,ce.
If  0,   only  elevated  contour  lines  will  be

draun .
If  I,   elevated  contour  lines  and  form  lines

parallel  to  the  X-axis  are  drawn.
1£  2,   elevated  contour  lines  and  form  lines

parallel  to  the  Y-axis  are  drawn.
If  3,   elevated  contour  lines  and  forln  lines

perpendicular  to  the  line  of  sight
between  the  observer  and  the  block
diagran  are  draun.

Scales  X  and  Y  axes  with  respect  to  each
other .
If  0,   one  unit  in  X  equals  one  unit  in  Y.
If  1,   Y  is  scaled  to  a  pet.centage  of  the

range  of  X.
If  2,   X  is  scaled  to  a  percentage  of  the

range  of  Y.

Percent  scaling  to  be  used  if  parameter
four  is   1   or  2.

Check  to  determine  if  specified  size  of
plot  is  reasonable.
If  0,   check  will  be  made.
If  I,   Ilo   check  will   be  made.

Assumed
Value

50%

The  shape  of  a  block  diagl.an  is  detemined  by  the  relative  length,   width,   and  range  of
heights  of  the  surface.     The  range  of  the  surface  in  the  Z-direction  is  the  di££el.ence  between
the  Smallest  and  largest  values  in  the  grid  matrix.     If  the  numerical  range  of  Z  is  much
larger  than  the  range  of  X  and  Y,   the  block  diagram  may  ap|)ear  as  a  spike,   and  the  plot  may
be  useless.     The   'SCAL'E  command  allows  the  user  to   scale  the  values  of  Z   in  the  gI`id  matrix
to  within  a  specified  I.ange;   this  operation  pemanently  destroys  the  original  Z  va.rues.     In
contrast,   'ECON'TOUR  allows   scaling  without  altering  the  original  values   in  the  grid  matrix.
Parameter  two  of   'ECON'TOUR  specifies  degrees  of  scaling  as  a  percent  of  the  X-  or  Y-range;   a
value  of  40  to  60%  usually  prciduces  a  t)lock  diagran  which  has  acceptable  I)roportions.     If  too
much  scaling  is   specified,   low  features  on  the  surface  may  be  lost.     If  the  vertical  range  is



74

specified  as  a  large  percentage  of  the  horizontal   sca.1e,   surface  features  may  a.ppear  exagger-
ated  and  the  elevated  contour  lines  may  have  excessive  separation.

Parameter  three  controls  how  contour  and  form  lines  will  be  drawn  across  the  surface  of
the  block.     Figures  58-61   illustrate  the  four  options.

Pa.rameters  four  and  five  can  severely  aLffect  the  appearance  of  a  block  plot.     These  a.re
illustrated   in  Figures   161   and   162,   under  the   'TRAN'SECT  command.

AUXILIARY   COMMANDS   used   with    'ECON'TOUR:

' AZ IM ' UTH
' D I ST I ANCE
' EC IN ' TERVAL
I E LEV ' AT I ON

LINE ' S
' S I ZC ' ONTOUR
` STER ' EO

The   'SIZC'ONTOUR  coliui`and  determines   the  physical   size   of  the   finished  plot   in   inches.
The   length,   width,   and  height  of  the  surface  are  scaled  to  the  dimensions  defined  by   'SIZC'-
ONTOUR  when  the  plotting  instructions  are  generated.     The  matt.ix  is  not  affected  by  this
command.

'LINE'S  defines  the  number  of  form  lines  that  will  appear  on  the  block  to  represent  the
surface.     It  has  no  effect  on  the  size  or  shape  of  the  plot.

The   'SIZC'ONTOUR,    'ECIN'TERVAL   and   'LINE'S   commands   contl.ol   the   a.ppearance   of   a  perspective
block  diagram  with  elevated  contour  lines.     If  the  assured  values  of  their  parameters  are  not
appropriate  for  displaying  a  specific  matl.ix,   they  should  ap|)ear  with  the   'ECON'TOUR  corma.nd.
Other   comands   used   in   conjunction  with   'ECON'TOUR   are   'DIST'ANCE,    'AZIM'UTH,   and   'ELEV'ATI0N.
These  determine  the  observer's  point  of  view  with  respect  to  the  block  diagram  and  contl.ol  the
perspective  effect.      'STER'E0  specifies  that  the  block  diagram  will  be  drawn  as  a  stereo  pair.

This   option  of   'ECON'TOUR   is   not   implemented
in  the   initial   release   of  SURFACE   11.

Figure  58.--Block  diagram  with  elevated  contour   lines,   showing   subsurface
geologic  structure   in  part  of  Graham  Co.,   Kansas.     Parameter  three  is
set  to  0,   so  only  elevated  contours  are  shown.
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This   option   of   'ECON'TOUR   is   not   implemented
in  the   initial   release  of  SURFACE   11.

F±g¥5eti3.a:3±!S¥  d38§a#t8:a#r:5t!se±€¥a€gd]?ontour  lines  a.nd  form  lines  parallel

This   option   of   'ECON'TOUR   is   not   implemented
in   the   initial   release   of  SURFACE   11.

Fig::etf8.?:3±::¥  dS:g=Bt8:a#r::t!se::¥a::d2?ontour  lines  and  fom  lines  parallel

This  option  of   'ECON'TOUR  is  not   implenented
in  the   initial   release   of  SURFACE   11.

Figure  61.--Block  diagran  drarm  with  elevated  contour  lines  and  fom  lines  perpendicular
to  the  line  of  sight  between  the  observation  point  and  the  block.   Parameter  three  is
set  to  3.









Figure   65. --Block  diagran  viewed  from  an  eleva-
tion  of  45°.     With  this  particular  surface,
the  appearance  of  I.elief  is  subdued  at  this
viewing  angle.

Figure  66.--Block  diagram  viewed  from  an  eleva-
tion  of  75°.     Because  of  the  extreme  angle
of  elevation,   the  sense  of  relief  is  almost
coxpletely  lost.
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Figure  68.--Scatter  diagram  of  original   Z  data
values   (horizontal  axis)   versus  estimated  i
values   (vertical  axis).
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Figure  69.--Scatter  dia.gram  of  original   Z  data.
values   (horizontal  axis)   versus  difference
between  origina.I   and  estimated  i  values
(vertical  axis) .
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'EXTR'EMES   -    defines  the  X  and  Y  limits  of  a  grid  rna.trix,   or  the  boundaries   of  a  posting.

Field
Number Para.meter  Descri

X-coordinate  of  the  first  colum  in  a  grid
matrix,  or  the  left  edge  of  a  posting.

X-coordinate  of  the   last  column  in  a  grid
matrix,   ol.  the  right  edge  of  a  posting.

Y-coordinate  of  the  first  row  in  a  grid
matrix,   or  the  bottom  edge  of  a  posting.

Y-coordinate  of  the  last  row  in  a  grid
matrix,   or  the  top  edge  of  a  posting.

Assured
Value

Varies;
see  text

Varies ;
see  text

Varies;
see  text

Varies ;
see  text

The   'EXTR'EMES   command  defines   the  coordinate   systeln  in  which
located.     The   X  and  Y   limits   estat)1ished  by  this   command  a.re  used
grid  matrices   sul]sequently  generated  by  SURFACE   11   during  a  run.

'EXTR'EMES   specifies   the  geographic   limits  of  a  grid  matrix.
command  are  a  function  of  the  location  of  the  most  distant  points,

the  sanple  data  points  are
as  the  boundaries  for  any

The  assumed  values  of  this
but    'EXTR'EMES   can   be   used

to  define  a  grid  matrix  which  is  either  larger  or  smaller  than  the  geographic  range  of  the  data.

:S::::::d}fzavg:::sin:::::I:::: ::::e:h:h::g:h:£m:a:mg]:I::t:::tin:;n::I::a:::r:::?I e Points  IS

IMPORTANT  NOTE:      The  ranges   of  X  and  Y   established   in  a  grid  matrix  by   'EXTR'EMES   cannot
be  changed  by  a  second   'EXTR'EMES  command.      If  the  previously  defined  parameters   of   'ExiF7iRES
are  not  appropriate  for  a  subsequent  rna.p,   the  gI'id  matrix  must  be  recreated  using  the  appropriate
sequence  of  commands.

Assumed  values   of  the   'EXTR'EMES  parameters

I.      For   the   following   commaLnds   and  conditions:

I DMAP ,

'GRID'

I KRIG ' E

' TREN ' D
'MATR'IX,   with   sample  data  points   in  memory
'REST'ORE,   using   option   0
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assumed  parameters  are

parameter  one:     minimum  X-coordinate  of  sample  data  minus   1%  of  range  of  X.

I)arameter  two:     rna.ximurn  X-coordinate  of  sanple  data.  plus   l9:a  of  range   of  X.

parameter  three:     minimum  Y-coordinate  of  sample  da.ta  minus   196  of  range  of  Y.

parameter  four:     maximum  Y-coordinate  of  sample  data  plus   1%  of  range  of  Y.

Expanding  the  map  by  1%  beyond  the  limits  of  the  data  points  insures  that  posted  points  will
fall  within  the  map  rather  than  on  the  boundary  line.

2.     For  the  following  commands   a.nd  conditions:

'MATR'IX,   with  no   sample  data  present
'REST'ORE,   with  no   sample  data  present   and  Option   0

assumed  parameters  are

parameter  one:     I.

paraneter  two:     number  of  columns  in  matrix.

parameter  three:     I.

parameter  four:     number  of  rows  in  matrix.

3.     For  the  following  command  and  condition:

'REST'ORE,   with   Option   1

assulned  pal.aneters  are

parameter  one:     minilnun  X-coordinate  value  saved  with  the  grid  matrix.

parameter  two:     naximurn  X-coordinate  value  saved  with  the  grid  matrix.

parameter  three:     minimum  Y-coordinate  value  saved  with  the  grid  matrix.

pal.ameter  four:     maximum  Y-coordinate  value  saved  with  the  grid  matrix.

Figures  70  through  73  show  the  effect  on  the  finished  plot  of  different  parameters  in  the
These  were   generated  by  the   following  sequence  of  SURFACE   11   colrmiands.' EXTR'ERES   conmand.

Read  in  data
and  post

Figure  70
using  assured

' EXTR ' EMES

parameters

Post  Figure  71

Post   Figure  72

Post   Figure  73

TITLE
DEVICE
IDXY
POST
S I ZCONTOUR
BOX
PERFORM
POST
EXTREMES
PERFORM
POST
EXTREMES
PEREOF"
POST
EXTREMES
PEFiFORM
STOP

EXTREMES   TEST   FOR   SURFACE   MANUAL
1 , ' DAVI S ,
200,11, 4, 2 , 3,4, I , 0,1,9999 ,  ' (F6. 0, 2F12 . 5 , F7 . 0)  '
2'0'0'0.I
0' 1. 667
1, 2 ,1, 2 ,0, -2 , -2 ,1, 0.1

2'0,0,0.1
0,10,0'6

2.0,0,0.1
2,8,2,4

2 '0,0, 0.I
-2,12,-2,8





r-+7'r-+
+a +t+++++ ++  Q-- -=_-+

2468
Figure  72.--Salne  data  as   in  Figure  70,   but  posted

using  an   'EXTR'EMES  comand  with   limits  of  2
to  8  in  the  X-direction  and  2  to  4  in  the  Y-
direction.

Figure  73.--Same  data  as  in  Figure  70,   but  posted
using  an   'EXTR'EMES   command  with  limits  of  -2
to  12  in  the  X-direction  and  -2  to  8  in  the  Y-
direction.
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'FILT'ER  -     filters  a  grid  matrix  by  a  weighted  two-dimensional  moving  average.

Field
Number Parameter  Descri

If  0,   blank  out  rows   and  columns  along
the  margin  of  the  grid  matrix  which
cannot  be  filtered.

If  1,   delete  rows  and  columns   along  the
margin  of  the  grid  matrix  which
cannot  be  filtered.

Assumed
Value

A  filter  is   a  small  matrix  containing  an  odd  number  of  rows  and  colurms,   a.nd  whose  elements
are  weights  that  sum  to  zero  or  one.     It  is  moved  to  successive  positions  on  the  grid  matrix,
and  element-by-element  multiplication  of  the  two  matrices  performed.     The  products  are  summed
and  become  the  new  value  of  the  grid  element  that  corresponds  to  the  center  element  in  the
filter.     The  filter  is  then  offset  one  grid  element  and  the  operation  repeated.     By  lnoving  the
filter  back  and  forth  across  the  entire  grid  matrix,   the  grid  is  replaced  by  a  weighted  moving
average  of  its  original  va.Iues.     The  weights  assigned  to  elements  in  the  filter  determine  its
effect;   it  can  be  used  to  emphasize  features  in  the  original  surface  that  are  character.ized  by
specific  spatial  frequencies,  while  subduing  other  features.     Design  of  two-dimensional  filters
is  discussed  by  Robinson  and  Ellis   (1971).

The  rna.rgins  of  a  grid  matrix  cannot  be  filtered  because  the  filter  matrix  would  lap  over
the  edge  of  the  grid.     If  a  filter  matrix  contains  r  rows  and  c  colums,   (r-1)/2  rows  will  be
lost  off  the  top  and  bottom  edges  of  the  filtered  grid,  and  (c-1)/2  colums  will  be  lost  off
the  right  and  left  margins.     Under  control  of  paraneter  one,  these  unfiltered  marginal  rows
and  colums  may  either  be  blanked  out  or  deleted  from  the  grid.

If  all  elements  in  the  filter  matrix  are  identical   (0.04  in  a  5  x  5  filter)   the  filter
acts  as  a  simple  moving  average.     By  mal(ing  some  of  the  elements   larger  and  others   smaller  or
negative,   the  filter  will   selectively  enhance  features  whose  form  and  size  corl`espond  with  the
al.ea  of  the   larger  elements.     For  example,

-0.001      -0.001
-0.001      -0.016
-0.010      -0.034
-0.026      -0.040
-0.034     -0.038
-0.035      -0.035
-0.034      -0.038
-0.026     -0.040
-0.010     -0.034
-0.001      -0.016
-0.001      -0.001

-0. 010
-0 . 034
-0 . 039
-0. 028
-0. 009
-0. 001
-0 . 009
-0.028
-0 . 039
-0. 034
-0. 010

-0. 026
-0. 040
-0. 028
0. Oil
0. 058
0. 082
0.058
0.011

-0 . 028
-0 . 040
-0 . 026

-0 . 034
-0. 038
-0.009

0 . 05 8
0 .140
0.167
0.140
0.058

-0.009
-0 . 038
-0. 034

-0. 035
-0 . 035
-0. 001

0.082
0 .167
0 . 204
0.167
0. 082

-0.001
-0 . 035
-0. 035

-0. 034
-0.038
-0. 009

0 . 058
0 .140
0 .167
0 . 140
0. 058

-0. 009
-0.038
-0. 034

-0. 026
-0. 040
-0. 028

0.011
0 . 058
0. 082
0 . 058
0.011

-0.028
-0 . 040
-0 . 026

-0.010
-0 . 034
-0 . 039
-0.028
-0 . 009
-0. 001
-0.009
-0.028
-0. 039
-0.034
-0.010

-0.001
-0.016
-0 . 034
-0.040
-0.038
-0.035
-0 . 038
-0. 040
-0 . 034
-0.016
-0.001

-0.001
-0 . 001
-0. 010
-0.026
-0.034
-0 . 035
-0 . 034
-0 . 026
-0.010
-0.001
-0 . 001

is  a  filter  designed  to  empha.size  features  whose  average  width  is  six  grid  units.     It  will  pass
features  as  small  as  three  grid  units;   anything  smaller  will  be  suppressed.

Figure  74  is  an  original  contour  map  of  subsurface  structure  in  part  of  Graham  County,
Kansas.     Figure  75  is  the  same  map  filtered  by  the  filter  matrix  given  above.     Because  of  the
size  of  the  grid  spacing,   the  filter  exphasizes  features  whose  average  size  is  approximately
three  miles.
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Figure  74.--Subsurface  structural  contour  map  of

the  top  of  the  Lansing  Group   (Permsylvanian)
in  part  of  Grahain  Co.,   Kansas.     Elevations  are
in  feet  below  sea  level.     Grid  spacing  is  one-
half  mile.

Figure   75.--Map  sho`uri  in  Figure  74  filtered  using
filter  rna.trix  listed  in  text.    The  filter  em-
pha.sizes  features  having  a  spatial  wavelength
of  six  grid  units,  or  thl.ee  miles.     Un filtered
marginal  rows  and  columns  have  been  blanked.
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'FINI'SH   -     Stops  all  plotting  activity  of  the  plotting  device  previously  activated  by  the
' DEVI' CE   command. Z

LJI

N0   PARARETERS

This  command  may  be  used  to  terminate  plotting  on  a  particular  device.     It  causes  the
a.ppropria.te  wrap-up  routines  to  be  called  so  the  plot  instruction  file  is  properly  closed.
If  used,   this   command  must  appear  before   'STOP' ,  but  is  not  necessarily  the  next-to-last
SURFACE   11   command.

'FINI'SH  releases  tape  drives  back  to  the  operating  system  but  does  not  terminate  a
SURFACE   11   job   aLs   does   the   comand   'STOP' .
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The  user  rna.y  define  the   size   (i.e. ,   the  number  of  colurms  and  rows)   of  the  matrix  in  two
differ.ent  ways.     By  setting  parameter  one  to  0,   the  nunber  of  colurms  and  rows  in  the  matrix
may  be  given  explicitly.     Then,   the  distance  between  columns  is

Xmax   -   Xmin

NC-1

Yma.x   -   Ymin

and  the  distance  between  rows  is

NR-1

where   Xminj   Xmaxi   Ymin,   and   Ymax   are   determined   by   'EXTR'EMES,   and   NC   a.nd  NR   are   given  by

paralneters  two  and  three.

When  parameter  one  is  set  to  I,   the  user  defines  the  distance  between  columns  and  rows,
and  NC  and  NR  are  calculated  by  dividing  these  distances  into  the  ranges  of  X  and  Y,   as   speci-
fied  by   'EXTR'EMES.     If  there  is  any  remainder,   the  ranges  of  X  and  Y  are  expanded  so  the  dis-
tances  between  all  rows  and  columns  are  uniform.     For  example,   if

Xmin=      1          Ymin=      1          Parametertwo=3

Xmax=   25           YmaLx=   20          Paralneterthree=3

the  number  of  columns  in  the  matrix  will  be

25-1
3

and  the  number  of  rows  in  the  matrix  will  be

20-1
3

+1=9

+   1   =   7   I/3    .

To  avoid  fractions,   the  number  of  rows  will  be  increased  to  8,   and  the  value  of  Ymax  automatical-
ly  expanded  to   22.

The  number  of  rows  and  columns  in  the  grid  matrix  has  aL  direct  influence  on  the  finished
appea.rance  of  a  contour  map.     As  the  number  of  rows   and  columns   is   increased,   the   lengths  of
straight-line  segments  in  the  contour  lines  are  reduced  and  the  c'ontours  become  smoother  in
appearance.     However,   estimation  of  additional  grid  intersections  increases  computation  time.
Figures  76   a]id  77   show  a  contour  rna.p  made  with  a  coarse  and  a  fine  grid  array.

If  option  0  of  parameter  four  is  specified,   each  grid  value  is  estimated  by  a  distance-
weighted  average  of  the  sample  data  points  found  in  the  specified  search  around  that  grid  inter-
section.     Because  an  average  cannot  lie  outside  the  range  of  the  values  from  which  it  was  calcu-
lated,   the  sa]nple  data  points  will  define  the  extl.eme  high  and  low  values  on  the  surface,   and
the  interpolated  grid  nodes  will  be  intermediate  in  value.

It  is  possible,  under  options  1  or  2  of  parameter  four,   to  calculate  grid  values  beyond
the  range  of  the  sanple  data.    At  each  sample  data  point,   a  first-order  trend  surface  is  fit  to
the  nearby  sample  da.ta  points  found  by  the  specified  search  routine.     The  trend  surface  is  con-
strained  so  it  passes  through  the  control  point  being  evaluated,   and  so  is  a  least-squares  esti-
mate  of  the  dip  of  the  surface  at  that  point.     Coefficients  of  this  trend  surface  are  then
evaluated  for  the  X,   Y  location  of  the  grid  node  being  estimated,   in  effect  projecting  the  dip
of  the  surface  from  the  sample  data  point  to  that  grid  intersection.     A  distance-weighted  average
is  then  made  of  the  projected  dips  from  the  sample  data  points  found  in  the  specified  search
around  the  grid  point   (Fig.   78).     Option  2  is  identical  to  option  1,   except  a  listing  is  printed
of  the  coefficients  of  the  local  trend  surfaces  at  the  sample  data  points.     Note  that  grid  cal-
culation  is  a  two-phase  procedure  under  options   1  and  2  of  pal.ameter  four,   as  separate  searches
must  be  made  for  points  from  which  to  calculate  dips   a.t  the  data  points,   and  then  again  for
points  to  calculate  the  surfa.ce  values  at  gI.id  intersections.     If  option  0  of  parameter  four  is
selected,   only  the  second  search  is  performed  because  dips  are  not   calcula.ted.
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Figure   76. --Contour  map  showing  subsurface  struc-

tural  elevation  of  the  top  of  the  Lansing  Group
in  part  of  Graham  Co.,   Kansas.     Grid  matrix  con-
tains   16  rows  and   26  columns.



I
Figure  78.--Projection  of  surface  dips  to  point

being  estimated.      (a)   Dip  of  surfa.ce  at
control  point   (arrow)   is  found  by  least-
squares  fit  of  plane  to  surrounding  control
points.      (b)   Dips  are  found  for  all  control
points   in  map  area.      (c)   Dips   al.e  projected
from  control  points  to  grid  node   (arrow)   and
their  average  calculated.

Sample  da.ta  points  used  in  the  estimation  procedure  are  weighted  so  their  influence  de-
clines  with  distance  from  the  point  being  estimated.     A  weighting  function  which  declines
slowly  with  distance  will  produce  hea.vily  averaged  estimates,   resulting  in  a  surface  with
slowly  changing  gradients.     A  rapidly  declining  weighting  function  places  great  emphasis  on
the  values  of  nearest  points  in  the  estimation  procedure,   and  may  yield  a  rapidly  changing
surface.     Available  weighting  options  of  parameter  five  are  listed  below  and  shown  in  Figure  79.
A  contour  map  prepared  using  a  weighting  function  of  I/D6  is   sho\^rn  in  Figure  80.     A  map  of  the

:s=:in::t:e:::ti::i::n:::o:e:f::in:s  ::a:::wT,5g, Fi::::e8!;  ::g:::e8:s i:ga|792  ::::h::i:gw:::out
scaling   (option   2).
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Distance  weighting  functions  available  under  parameter  five

Option function

I.1    x   D          `       '      `1.1    x   Dmax                                  max

co  is  the  weight  attached  to  a  sample  data
point  a  distance  D  from  the  grid  intersec-
tion  being  estimated.     D]nax  is  the  distance
from  the  grid  intersection  to  the  most  distant
sample  point  in  the  set  being  used  in  the  estimation.

Figure  79.--Generalized  plot  of  weighting  functions
used  in  averaging.      (a)   Constrained  distance-

:::::::::e::::::i::u:#:;:g`::::i::::1:::i:::::



2468
Ffg¥:eG::L=C8:::uEa:::s:fin:::s::i::e];5€u:::::t_

ing  function  and  dip  projection.

Figure  81.--Contour  map  of  subsurface  structure
in  Graham  Co. ,   Kansa.s,   made  using   I/D  weight-
ing  function  and  dip  pl`ojection.
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AUXILIARy   C0unIANDS   used   with    'GRID'  :

' EXTR ' EMES
I NEAR ,

' OCTA I NT
' QUAD ' EAT
I VRAD ' IUS

'EXTR'EMES  defines   the  X,   Y   limits   of  the  map.     The  next   four   coinmands   allow  the  user  to
specify  the  search  procedure  which  finds  the  nea.rest  data  points  which  will  be  used  in  the  esti-
ma.tion  procedure.     The  search  is  conducted  around  each  grid  node  to  be  estimated.     If  dips  are
to  be  calculated  and  projected,   a  search  is  also  conducted  around  each  sample  data  point.

If  the  search  a.round  one  grid  node  does  not  find  an  acceptable  number  of  sam|)1e  data
points  for  estimation  purposes,   the  grid  intersection  is  assigned  a  code  va.1ue  for  missing
data.     Contour  lines  will  be  omitted  in  grid  cells  containing  a  node  that  has  been  assigned
this  code  value.

A  search  I)rocedure  should  be  specified  for  each  of  the  two  phases   involved  in  the  gridding
procedure,   if  dip  projection  is  to  be  used.     It  is  possible  to  use  a  different  search  method  for
each  of  the  two  phases.     An  example  would  be  to  use  an  octant  search   ('OCTA'NT)   for  calculation
of  the  dips  at  the  control  points  aLnd  a  radius  search   ('VRAD'IUS)   for  estimation  of  the  grid
nodes.     If  no  search  method  is  specified,   a  nearest  neighbor  search   ('NEAR')   is  used  with  the
assumed  values  for  the  command  controlling  the  number  of  nearest  neighbors,   the  maxinun  allow-
able  distance  to  nearest  data  point,   and  the  maximum  seaLrch  radius.

There  is  a  certain  compromise  involved  in  selecting  the  search  radius  and  the  number  of
points  to  be  sought.     If  these  values  are  selected  so  a  large  number  of  sea.rch  failures  occur,
the  map  will  contain  numerous  incomplete  contour  lines.     On  the  other  hand,   specification  of  a
large  search  radius  ol.  a  large  number  of  data  points  to  be  included  in  each  sea.rch  may  intro-
duce  excessive  aLveraging  and  loss  of  detail  in  the  grid  matrix.
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'HIST'OGRAM   -Z]::;u::S::g:::Sg:fdt::t:i;frlbutlons  o£  X,   Y,   and  Z  control  values  or  of  the

Field
Number Parameter  Descri

:Ee8;£i::t:::::b::  ::d:eoEl!t:::u::  ::stogran.
grid  matrix.

If  1,   histogram  is  made  of  X-variable  of
X-Y-Z   control   points.

If  2,   histogram  is  made  of  Y-variable  of
X-Y-Z  control  points.

If  3,   histogram  is  made  of  Z-variable  of
X-Y-Z   control   points.

Middle  value  of  central  class  on  histogram.

Class  interval  width.

Assumed
Value

Variable]

Variabie2

'HIST'OGRAV  pl.oduces  a  fl.equency  distl.ibution  of  the  specified  variable,   and  calculates
the  first  four  moments  of  the  distrit)ution.     These  statistics  and  plots  are  useful  for  analy-
sis  of  the  uniformity  and  nature  of  the  spatial  arrangement  of  control  points,   the  distribu-
tion  of  the  lnapped  variable,   or  the  distritiution  of  estimated  va.1ues  calculated  by  the  grid-
ding  operation.     Figure  84   shows   the  table  of  statistics  printed  by   'HIST'OGRAM  under  option
three  of  paraneter  one.     The  accompanying  histogram  of  Z  va.1ues   is   shorn   in  Figure  85.

]Set  to  approximate  mean  of  distribution,   adjusted  to  rational  value.

2The  I.ange  of  values   is  divided  Into   2S   categories  whose  bounda.Ties  are  adjusted  to
rational  limits

L=
ur'I
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TEST     0F    HISTOGRAM

StATISTfcs    0F    HISTOGRAM

NUHBEfi    OF    SAMPLES    '...

HINIHUH   VALUE   I..'.'..

HAX|HUH   VALUE   ........

MEAN    OF    SAMPLES    ..'...

STANDARD    DEVIATION    ...

VARIANCE   I .............

SKEWNESS..-..+.......

I<URTOsts..........-..

loo

-1 30 8 . a oo o a ooo

-1 2 2e . O Oo o O OOO

-1 2 7 a . 6 3 15 7 6 5.

40.93e6072i

1 a 75 . 9€955 0 72

-I.17 ,a 131¢

I.2g627aoo

•....,,,,,,.....'-.'..........'.....'......................'....+.I............`.....
•....    HISTOGRArl   FREOuENCV    TABLE   .....

CLASS                                                   CLASS    IIHITS                                     STD.    Cl.SS    IIHITS                     COUNT---..------.---------------.--------.-----------.-----------------------
-12             -1306.0000    T(   -1377.0000
•ii             -1377.OOI)O    TO    -i36e.OooO
-io            -1360.oooa    Ta    -1359.ooao

-q            -1359.ooao   Tc   -i35o.oooo
-1350.0000    TO    -1341.0000
-1341.0000   TO   -1.32.0000
-1332.oaoo   To   -1323.oooo

-5             -1323.0000    TC    -1314.0000
•i3i..OOOO    TO    -i3o5.Ooaa
-1JO!.00CO    TO    -1296.0000

-2             -i29e.0000    Tc    -i2®7.OOOO
-1             -1287.0000    TO    -1278.0000

a              -i27e.OOcO    Tc    -1269.Oaoo
i            -1269.ooa.   To   -i26o.oooo
2             -1260.0000    TO   -1251.0000
3              -i2si.Oeoo    TO    -i2.2.OOOO
•             -1242.0000   T{   -lz33.0000
5             -1233.0000    TC   -122..0000
6             -i224.OOoO    TO   -i2i5.aooo
7             -1219.0000    TO    -1206.0000
e               -i2O€.OOOO     TO    -1197.OOOo
9              -ii97.OOoO    TO    -ii®e.OOOO

10             -1188.0000    TO    -117q.0000
ii            -1179.oooo   Ta   -ii7o.cooo
12             -1170.0000    TC    -1161.0000

-2.7.OO   TO             -2.5282
-2.5202   TO             -2.3003
-2.SOBS   TO              -2.0085
•2.Oe85   TO             -1.86e7
-1.06®7   To             -1.6.ao
-1.64Oe   TO            -i..29O
-1.4290   TO             -1.2091
-I.2091   TO            -0.909J
-0.9®93   TO             -0.769.
-0.769.   TO            -a.5.96
-0.5.96   TO            -a.3290
-tl.329®   TO              -0.1099
-0.1099   TO                a.1099

0.1099    T0                 a.3290
a.329e    To                a.5496
a.5496   TO                0.7694
0.769.   T0               0.9093
0.9893    TO                 1.2091
1.ZO9l    TO                 1..290
1.429O   TO                1.6.ee
1.6L,€e    TO                 1.8687
1.e6e7   To                2.I)ee5
2.o8e5    To                 2.)o63
2.3003   TO                  2.52®2
2.5202    TO                 2.7480

Figure  84.--Statistical  table  of  the  distribution
of  Z  values  of  subsurface  structural  elevations
in   Graham  Co. ,   Kansas.

in                                xxk#H:i                ii§                                                     xx„«xxxxxk,x„"xm!
+...------.------..---------.----.------------------------.-----.-.-----..-.----.--.------.--------,

-12-11-.0      -9     -.     -7     -6     -5     -.     -3      -2     -1012        3        .        5        6        7        .        91.1112

Figure  85.--I]istogram  of  Z  values  of  subsul.face
structural   elevations   in  Graham  Co. ,   Kansas.
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'JDXY'   -   reads   salnple  data  points,   ID   labels,   and  posting  symbols   into  an  array  in  memory.

Parameter Descri Assured
Value

10

i;::!3g:::i:g:

Maximum  number  of  data  points  to  be  read
in.     This  numl)er  can  be  gI.ea.ter  than  the
number  of  -samples  actually  on  the  file.
SURFACE   11   reads   in  only  the  number  of
samples  specified  by  this  paraLmeter,   even
though  the  file  may  contain  more  data
points.

::::t::?i  on  which  the  da.ta  points  are

Total  nulliber  of  fields  in  each  I.ecord  of

±E:]€:p::  f£::;.  Tfef::::Eu:i:#b::yofe
used  for  identification  purposes.    A  fifth
field,   which  miist  be  integer,   nay  be  used

::p::::i:yt::ed::: ;=:::  :: :ep::::n:?
The  symbols  available  for  a  posting  are
listed   in  the   'POST'   command.

Identifies  which  field  of  the  input  record
contains  the  X-variable.

Identifies  which  field  of  the  input  record
contains  the  Y-variable.

Identifies  which  field  of  the  input  recol.d
contains  the  Z-variable.

Identifies  which  field  of  the  input  record
contains  identification  numbers.     If  the
parameter  is  0,  or  parameter  three  is  3,

::::i::;::i;:::t::a::8:::i:::::::r:::::;e
reduced.

Identifies  which  field  of  the  input  record
contains  the  data  point  symbol  code.

If  0,   no  check   is  made  for  missing  data.   Any
positive  value  will   cause  SIJRFACE   11   to  check
each  Z-observation  against  the  missing  value
code  given  as  pa.rameter  ten.

Code  value  for  missing  data.

FomaLt  of  data.2

Required

Required

Required

Required  if  field  9
contains  a  positive

number

Required
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The   'IDXY'   command  reads   in  sanple  data  points   from  which  the  grid  matrix  is  to  be  calcu-
lated.     The  ID-variable  allows  the  user  to  designate  data  points  by  nuliierical   identifiers.
If  identification  numbers  are  not  supplied,   each  sample  nay  be  assigned  a  sequential   identi-
fication  number  by  setting  parameter  seven  to  0  a.nd  setting  parameter  three  to  3.

Parameter  fields  four  through  eight  are  necessa.ry  to  distinguish  one  variable  from  an-
other.     For  example,   if  six  vat.iables  appear  on  the  input  file,   it  is  possible  that  the  third
one  is  the  X-value,   the  second  one  is  Y,   and  the  sixth  one   is   Z.     The   ID-variable  might  be
the  first  on  the  file.     Thus,   it  is  necessary  to  specify  which  variables  on  the  input  file
correspond   to  X,   Y,   Z,   and   ID.

On  occasion,   some  of  the  Z  values   in  the  sample  data  may  be  missing.     Usually  missing
data  a.re  assigned  a  code  number  which  is  unlikely  to  occur  as  a  real  value  of  Z   (such  as   9999) .
SURFACE   11  will  check  for  missing  data  if  parameter  field  eight   contains   a  number  greater
than  0.     Any  sample  point  with  a  Z-value  identically  equal  to  the  code  value  specified  in
field  nine  is  ignored.

AUXILIARY   CchflIANDS   used   with    'IDXY'  :

' ECHO ,

RTXY ,
' SUBS ' ET

The   'ECHO'   comn`and  can  be  used  to   list  X,   Y,   Z   identification  numbers,   and  map   sylnbol
codes.     A  set  of  data  point  coordinates  read  in  by   'IDXY'   may  be  rotated,   translated,   and
scaled  to  some  other  coordinate  configuration  using  the   'RTXY'   command.      By  the  use  of   `SUBS'ET,
specific  data  points  may  be  identified  and  selected  out  to  make  separate  maps  from  a  single  file.
An  example  is  distinction  between  dry  and  producing  wells  in  a  subsurface  data  file  by  means  of
a  code  number.

IMPORTANT  NOTE:      In  the  Current  version  of  SURFACE   11,   it   is   impossible   to  read  more  than  one
data  set  from  a  single  file.     Successive  data.  sets  must  be  read,   using  separate   'II)XY'   commands,
from  different  files.
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'INCR'EMENT   -specifies  which  columns  and  rows  of  an  externally  stored  matrix  are  to  be

loaded  into  melnory.      'INCR'EMENT  may  be  used  when  reading   in  a  matrix  by  the
'MATR'IX   or    'REST'ORE   counands.

Parameter  Descri

First  column  to  be  stored.

The  increment  between  each  colurm  to  be
stored.

Last  column  to  be  stored.

Fir.st  row  to  be  stored.

The  increment  between  each  row  to  be
stored.

Last  row  to  be  stored.

-` ,,-..          L, , +L-52,i2t   ouiu  .u  I-urt.Il.     AH  rows   of  the  new  matrix  al.e  determined  in  this  manner.

:;:::::::::::::i:%:£:s:ie:s::;;:::::;:::;:::;:ic:::an=i:::::i::f#:ika;:Lx:::
matrix  when  it  is  plotted;  that  is,  the  first  col-  is  the  leftmost  edge  of  the
first  I.ow  is  the  bottom  edge.

Assured
Value

Number   of
colurms   in
the  input
matrix

1

I

Number   of
rows  in  the
input  matrix

The  assumed  values  ca.use  the  entire  matrix  on  a  file  to  be  read.     However,   if  an  entire
matrix  is  to  be  stored,   this  colunand  is  not  necessary.

|fvai:e=o:X28?£:5:fi:?2,Z8ea:::5g::;:g:i:hip;::anae:::r::e::sa:f[:£:t.f;!:.:fag::o#ind,

:::::::::::i::i:i:::::::::::::::i:::::::::h:::t:::2:f;;t::;;:;|,:::2;i;:;:t?e::;:;;:2i::::;
Z52,i2J   and  SO   for.th.      All   rows   of  the  new  matrix  a|.e  deteminad   in   +Li --------       `'   .        .

Note  that
first  subscript
which  an  ele-
as  a  grid
map  and  the

ctuZ





105
' ISOP'ACH   -    calculates  the  element-by-element  difference  between  a  gI`id  matrix  and  a  matrix

stored  on  an  external  file.

Parameter Descri

::1:t::::.8n  which  external  matrix  is

Defines  the  subtraction  procedure.
If  0,  the  extemal  matrix  is  subtracted

fl.om  the  grid  matrix.
If  1,  the  grid  matrix  is  subtracted  from

the  external  matrix.

The  difference  matrix,   sometimes  I.eferred  to  aLs  a  residual  or
original  grid  matrix  in  memol`y.     The  extemal  inatrix  and  the  grid
ber  of  rows  and  coluns.

The  operation  of   'ISOP'ACH  nay  be  symbolically  represented  as

a.I

al

2a-2

1a2

originaLl  grid
matl.ix

' ISOP ,

Assumed
Value

Required

isopach  matt.ix,   replaces  the
matrix  lnust  have  the  saine  nun-

;:12    ::I  -   :i:::::    :::::I
second  matrix               new  grid  matrix

If  parameter  two  is  0,   the  operation  is   [A]   -[8];   if  paLI.ameter  two  is  I,   the  operation  is   [8]
-[AJ.

The  external  mtrix  maLy  be  generated  by  some  pl.ogran  other  than  SURFACE  11,   but  it  must
be  stored  in  the   saune  fomaLt  as  a  file  created  by  the   'SAVE'   conmnd.     These  FORTRAN  instl.uc-
tions  aI.e  included  with  the  description  of   'SAVE' .     A  discussion  of  the  file  codes  used  in
parameter  one  is  given  in  Appendix  C.

E::§§:::::i;:;i;;;i;;;;¥:¥;:i;:::F¥j§r:r;j6::f;:;:;b¥a¥:¥;:;;¥r±o;::;::;;::;g:d%f§;;i:x
The  cormands  used  to  create  Figures  86-88  are  given  on  the  following  pa.ge.

]See  Appendix  C.

al0t^



Read  in
data  and
contour
top  of
IJansing

(Fig.    87)

Contour  top
of  Stone
Corral

(Fig.    86)

Create  isopach
(Fig.    88)

TITLE
DEVICE
IDXY
GRID
EXTF{EIVES

SAVE
CONT0lR
C I NTERVAL
SIZCONTOUR
BOX
PERFORM
IDXY
GRID
CONTOUR
PERFORM
IsOPACH
CONTOUR
PERFORM
STOP
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ISOPACH   TEST   FOR   SURFACE   MANUAL
1, ' DAVIS'
200,11, 5 , 2 ,3 ,4, I , 0 ,1, 9999 ,  '  (F6. 0 , 2F12 . 5 ,2F7 . 0) '
1,0.2'0.2
0'10,0,6
12

0' 0,10,0'5,0.I, 0'2 ,5
1'6'3.6
1,2,I,2'0,0'0'1'0.I

200 ,1l , 5,2 , 3 , S , I , 0 ,1, 9999, '  (F6 . 0,2F12 . 5 ,2F7 . 0)  '
I,0.2,0.2

12'0

Figure  86. --Subsurface  structural  configuration
of  the  top  of  the  Permian  Stone  Corral  Forma-
tion  in  part  of  Graham  Co. ,   Kansas.     Elevations
are  in  feet  above  sea  level.



Figure  87. --Subsurface  structural  configuration
of  the  top  of  the  Pennsylvanian  Lansing  Group
in  the  sane  area  as  Figure  86.     Elevations
are  in  feet  below  sea  level.

Figure  88.--Isopach  map  of  the  thickness  of  the
interval  between  the  top  of  the  Stone  Corral

::df:::.top  0f  the  Lansing.     Thicknesses  are







Universal   Kriging   is  used  in  SURFACE   11   to  estimate  values  of  a  surface  at  the  nodes  of
a  regular  grid  from  irregularly  spaced  sanple  data  points.     Unlike  the  distance-weighted
averaging  methods  used   in   'GRID' ,   Kriging.makes  optimum  use  of  the  autocorrelation  between
I)oint  on  the  surface.     It  requires  the  prior  determination  of  a  semivariogram,   which  is  a
function  I.elating  the  covariance  of  the  difference  between  points  to  the  distance  between  the
points.      In  general,   the   semivariance   increases  with  increasing  distance.      'KRIG'E  uses  the
form  of  this  function  to  calculate  estimates  of  the  surface  which  are  best   linea.r  unbiased
estimates,   provided  the  correct  fom  of  the   semivariogram  has  been  found.      'KRIG'E   also  esti-
mates  the  likely  error   (as   sta.ndard  deviations  or  variances)   at  every  estima.ted  point   in  the
grid.     This  can  be  napped  to  give  a  direct  assessment  of  the  reliability  of  the  contoured
surface.     As  an  example,   Figure  89  is  a  map  of  the  subsurface  structural  configuration  in
part  of  Grahan  County,   Ka.nsas,   prepared  by  Universal   Kriging.     Figure  90  is  a  map  of  the
a.ssociated  error,   given  in  feet  of  standa.rd  deviation.

Figure  89.--Subsurface  structure  of  the  top  of  the
Pennsylvanian  Lansing  Group  in  part  of  Graham  Co. ,
Kansas,   napped  using  the   'KRIG'E   gI`idding   command.



Figure  90.--Map  of  the  standard  deviation  of  estima-
tion  for  the  surface  shown  in  Figure  89.     Each
contour  interval  defines  an  integral  of  I  one
standard  deviation  about  the  surface.

In  theory,   no  other  method  of  grid  generation  can  produce  more  accurate  estimates  of
the  fom  of  a  napped  surface.     In  practice,   the  effectiveness  of  Kriging  depends  upon  the
proper  selection  of  several  parameters,   including  the  slope  of  the  semivariogram.     However,
even  with  naive  estimates  of  these  parameters,   Kriging  will  do  no  worse  than  arbitrary  esti-
mating  procedures   such  as   those   in   'GRID'.

The  price  that  must  be  paid  for  optimality  is  computational   complexity.     A  large  set  of
simultaneous   equations  must  be  solved  for  every  point   estimated  by  I(riging.     Therefore,   run
times  will  be  approximately  one  order  of  magnitude  greater  for  a  given  map  using   'KRIG'E
rather  than   'GRII)'.      In  addition,   an  extensive  prior  examination  of  the  data  niust  be  rna.de  to
find  the  slope  of  the  semivariogran  and  to  select  the  proper  ol.der  of  the  drift.     These  two
Pal.ameters  are  not   independent,   so  experimentaLtion  may  be  necessary  to  determine  the  best
comt)ination.     For  these  reasons,   Kriging  probably  should  be  applied  in  those   instances  where
the  best  possible  estimate  of  the  surface  is  essential,   and  the  data  are  of  sufficient  quality
to  warra.nt  the  additional   costs  of  analysis  and  processing.

The  user  may  define  the   size   (i.e.,   the  number  of  columns  and  rows)   of  the  matrix  in  two
different  ways.     By  setting  parameter  one  to  0,   the  number  of  columns  and  rows   in  the  matrix
may  be  given  explicitly.     Then,   the  distance  between  columns   is

Xmax   -   Xmin

NC-1

Ymax   -   Ymin

and  the  distance  between  rows   is

NR-I

Where  Xmini   Xmax.   Yminl   and  Yma.x   are   determined  by   'EXTR'EMES,   and   NC   and  NR  are   given  by

parameters   two  and  three.

When  pairameter  one  is   set   to   1,   the  user  defines  the  distance  between  columns   and  rows,
and  NC  and  NR  are  ca,1culated  by  dividing  these  distances   into  the  ranges  of  X  and  Y,   as
Specified  by   'EXTR'EMES.      If  there   is   any  remainder,   the  ranges   of  X  and  Y   a.re   expanded   so
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the  distances  between  all  rows  and  columns  are  uniform.     For  example,   if

Xmin=     I        Ymin=     1        Parametertwo=3

Xnax  =   24       Ymax  =   20       Parameter  three  =   3

the  number  of  columns  in  the  lnatrix  will  be

25-1
3

and  the  number  of  rows  in  the  matrix  will  be

20-1
3

+1=9

+   I   =   7   I/3.

To  avoid  fractions,   the  number  of  rows  will  be  increased  to  8,   and  the  value  of  Ymax  aLutoma.t-
cally  expanded  to  22.

The  number  of  rows  and  columns  in  the  grid  matrix  has  a.  direct  influence  on  the  finished
appearance  of  a  contour  map.     As  the  number  of  rows  and  columns  is  increased,   the  lengths  o£
straight-line  segments  in  the  contour  lines  are  reduced  and  the  coTitours  become  smoother  in
appearance.     However,   estimation  of  additional  grid  intersections  increases  computation  time.
This  is  especially  significant  with   'KRIG'E.

Under  the  statistical  theory  which  includes  Kriging,   a  single-valued,   continuous,  mappable
variable  is  called  a  "regionalized  variable"  and  is  considered  to  consist  of  two  parts,   a

and  a  residual  or  local  fluctuation.     The  drift  may  be  estimated
a  trend

drift  or  regional  tendency,
67Tpolynomial  function  analogous  to surface   (see   'TREN'D).     If  the  drift   is  removed,
the  sLrf.ace  can  be  regaI.ded  as-stationary  in  the  statistical  sense.     The  spatial  relationship
between  residuals  fron  the  drift  are  expressed  in  the  semivaLriogram.     Parameter  four  selects
either  values  of  the  dI.ift  or  (drift  +  residual  =  surface)  to  be  stored  in  the  grid  matrix.
Paralneter  five  is  used  to  specify  the  order  of  tie  drift  to  be  used.    A  zero-order  drift
corresponds  to  subtraction  of  the  mean  value  of  Z  from  every  data  point.     If  no  drift  is
specified,   a  second  order  polynomial  drift  will  be  assumed.

The  semivariogram  is  a  continuous  function,   similar  to  an  autocorrelation,  which  relates
values  at  point  on  the  surface  to  the  values  at  other  points  as  a  function  of  the  distance
between  them.     (The  semivariance  is  sinply  half  the  variance  of  the  differences  between  the
points).     In   'KRIG'E,   it  is  assumed  that  the  semivariogram  has  the  form

yd  =  nd

which  is  a  straight  line  through  the  origin  with  a  slope  of  u.     vd  is  the  semivariance  over
distances  d.     Furthermore,   the  function  is  assumed  to  be  the  same  for  all  directions  across
the  napped  area.

At  some  distance  dk  the  semivariance  will  become  approximately  equal  to  the  variance  of

the  entire  surface.     This  distance  is  called  the  =2Eg± and  is  the  greatest  distance  over  whi.ch
the  value  at  a  point  on  the  surfaice  is  related  to  the  value  at  another  point.     The  range  de-
fines  the  maximur`  neighborhood  over  which  control  points  can  be  selected  to  estimate  a  grid
node.     However,   because  the  Kriging  calculations  become  increasingly  costly  with  larger
number  of  points,   `KRIG'E  uses  a  smaller  "standaLrd"  neighborhood  wherever  possible.     The  rad-
ius  of  the  standard  neighborhood  and  the  larger  maximum  neighborhood  are  specified  in  the
'oCTA.NT  command.     The  slope  of  the  senivaLriogram  within  these  two  neighborhoods   is  Specified
by  parameters  six  and  seven  of  the   'I(RIG'E  comand.     Calculation  of  the  senivariogran  can  be
perfomed  using   the  FORTRAN  progran  SEMIVAR  written  by  R.   A.   0lea   (1977) .

Because   'KRIG'E  creates  both  an  estimate  of  the  surface  and  the  associated  error,   the
error  grid  must  be  placed  on  aLn  external  file  for  later  recall  and  contouring.     Paraneter
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'LEVE'LS   -     allows  the  user  to  specify  unequal  contour  intervals.

Parameter  I)escri

::::e:?ge  On  Which  the  contour  levels  are

Total  number  of  contour  levels  to  be  gen-
erated.     This  number  r[rust  agree  with  the
number  of  levels  read.

::v=::  :fdd:iao:::::ns:::::±es  the  contour

Assured
Value

Required

Required

Required

mapinT::e::e:fin:gi:ge:;fze:h:aT::i:t:f:;c:h:oT::#'::::i::=:::|!:ep::::::roTe:e::n::u;e
used  are  read  into  memory  from  a  file.     Each  record  on  the  data  file  must  contain  information
for  ollly  one  contour   level.     The  first  value  read  from  each  record  is  the  contour  level   (ele-
vation),   a.nd  must  be  read  in  real   format.     The  second  value  on  the  I.ecord  is  the  annotation
code  which  must  be  read  in  integer  format.

Annotation  codes  are:

If  any  other  value  is
lines  under  options  I

light  line  without  annotation   (labels)
light  line  with  labels

-  heavy  line  with  labels
-heavy  line  without  labels.
will  be  treated  as  an  annota.tion  code  of  0.     Labeling  of  contour
contl.olled  by   'CINT'ERVAL  pal.ameters   six  through  eight.

Figures   91   and   92   show  two   exanples   of   the  use   of   the   'LEVE'l,S   command.      SURFACE   11   com-
mands  and  the  levels  file  used  to  create  these  illustl.ations  are  given  below.

Read  in
da-ta,
8I.id'

and  plot
Figure  91

Plot
Figure  92

1see
Appendix  C.

2see  Appendix   a.

TITLE
DEVICE
IDXY
GRID
EXTREMES
cONTOue
LJRELS
CINTERVAL
SIZCONTOUR
BOX
PERFORM
CONTOUR
LEVELS
PEF`FORM
STOP

LEVELS   TEST   FOR   SURFACE   MANUAL
1 '  , DAVIS ,
200,11,4,2,3,4,1,0,1,9999,'(F6.O.2F12.5,F7.0)'
1,0.2,0.2
0,10'0,6

12,9, '  (F7. 0,12)  '
2-".0.1,0'2
1,6,3.6
1,2,1,2,0,0,0,1,0.1

13'10' '  (F7. 0' 12)  ,
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Contour                      Annot at i on

Levels
table
for

Figure  91

Levels
taLble
for

Figure  92

level

-1373.
-1343.
-1323.
-1313.
-1308.
-1303.
-1293.
-1273.
-1243.

code

Contour                      Annotati on
level

-1388.
-1382.
-1372.
-1352.
-1322.
-1292.
-1262.
-1242.
-1232 .
-1228.

code

Figure  91.--Subsurface  structure  of  the  top  of  the
Pennsylvanian  I,ansing  Groxp  in  part  o£  Graham
Co.,   Kansas.     The  range  of  elevations  has  been
divided  into  unequal  contour  intervals  with  the
greatest  number  of  lines  in  the  middle  of  the
range.



Figure  92.--Sane  daLta  as  in  Figure  91  contoured
at  unequal  intervals  so  the  grea,test  number
of  lines  are  at  the  high  and  low  extremes  of
the  range.
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'L|NE'S   -     determines  the  number  of  lines  to  be  drarm  on  a  perspective  block  diagran.

Field
Number Parameter  Descri

Defines  operation  of  parameters  two  and
three .
If  0,  parameters  two  and  three  specify

number  of  grid  intervals  between
lines  on  the  surface.

If  1,  parameters  two  and  three  specify
total  number  of  lines  on  surface.

Number  of  lines  to  be  drawn  perpendicular
to  the  X-axis.

Number  of  lines  to  be  dra.wn  perpendicular
to  the  Y-axis.

Assumed
Value

The  total  number  of  lines  appearing  on  a  transect  plot  may  be  specified  directly  by  the
user   (by  setting  paraneter  one  to  1)  or  may  be  expressed  as  a  froction  of  the  number  of  rows
and  columns  in  the  grid  matt.ix   (parameter  one  =  0).     If  the  desil.ed  number  of  lines  is  greater
than  the  number  of  c:olums  or  rows  in  the  grid  maitrix,   SURFACE   11  will   interpolate  values
between  the  grid  va.1ues  and  dra.w  the  additional  lines.

The  assumed  nuntier  of  lines  to  be  dra.un  is  one-half  the  number  of  colums  and  rows.     Thus,
if  the  user  does  not  include  a   'LINE'S  command.   the  perspective  block  diagram  of  a  40  x  40
maitrix  will  have  only  20  lines  in  the  X  and  Y  ail.ections.     If  the  surfaLce  is  highly  irregular,
more  lines  may  be  necessary  to  adequately  display  the  surface  featul.es.     For  many  purposes,
the  assumed  values  of  the   'LINE'S  cormaLnd  may  not  be  appropriate  if  the  grid  matrix  is  rela-
tively  small.     On  the  other  hand,   the  user  should  aLvoid  specifying  an  excessive  number  of  lines
because  the  cost  of  producing  the  plot  is  directly  propol.tional  to  the  number  of  lines  dl.aun.

Figures  93-96  show  a  block  dia.graLm  constructed  using  different  numbers  of  lines  on  the
surface.     Commands  used  to  construct  these  illustrations  a.re:

Read   XYZ
data'  grid,

plot
Figure  93

Plot
Figure  94

TITLE                        LINES   TEST   FOR   SURFACE   MANUAL
DEVICE                    I, 'DAVIS'

5R%                    i:8:i:6?£2.34Jlto.1.9999"6.o,2Fi2.5,F7.o) ,
EXTFiENIS              0,10,0,6
TRANSECT              0 , 20 , o
LINES                       I,10,10
SIZTRANSECT      6
DI STANCE              loo
ELEVAT I 0N           3 0
AZIMUTH                  25
PERFORM
TRANSECT              0 , 20 , o
LINES                       0,2,2
PERFORM



Plot
Figure   9S

Plot
Figure  96

lTENSECT
LINES
PERFORM
TRANSECT
LINES
PERFORM
STOP
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0,20,0
1,40,24

0,20,0
1'80'48

Figure  93.--Block  diagran  of  subsurface  geologic
structure  in  part  of  Graham  Co.,   Kansa.s,  using
only  ten  lines  in  X  and  ten  lines  in  Y  to  dis-
play  the  surface.

Figure  94.--Block  diagram  drawn  with  assu)ned
values  of  the  parameters  of  the   'LINE'S
command   (two  grid  intervals  between   lines)



Figure  95. --Block  diagram  draun  with  401ines
parallel  to  Y-axis  and  24  lines  parallel  to
X-axis .

Figure   96.--Block  diagram  draun  with  80  lines
parallel  to  Y-axis  and  48  lines  par.allel  to
X-axi s .
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'MADD'   -     performs  element-by-element  addition  between  a  grid  matrix  and  a  matrix  stored  on    a

an  external  file.                                                                                                                       <

=
Fie ld                                                                                                                                                                                        Assured
Number                                                                     Parameter  Description                                                                    Value

I                                                      File  code  on  which  second  matrix  is  stored.1                                 Required

The  sum  of  the  elements  in  the  grid  matrix  and  the  external  matrix  replaces  elements  of
the  original  grid  matrix.     The  second  matrix  must  be  stored  on  an  external  file  by  the   'SAVE'
comand  or  in  the  same  format   (binary)   as  a   'SAVEld  matrix.     The  external  matrix  must  have  the
same  number  of  rows  and  columns   as  the  grid  maLtrix.

The  operation  of  'IADD'   may  be  symbolically  represented  as

all2

all

original  grid
matrix

' MADD ,

bi2          b22                  ai2+bi2          a22+b22

bLL         b2i.              all+bii         a2i+b2i.

second  inatrix               new  grid  matrix

Note  that  subscripts  are  used  in  a  different  convention  than  in  matrix  algebra.    The  first  sub-
script  indicates  the  colum  and  the  second  subscript  indicates  the  row  of  the  matrix  in  which
an  element  is   located.     Colums  and  rows  of  the  maLtrix  are  arranged  in  the  same  marmer  as  a  grid
matrix  when  it  is  plotted;   that  is,   the  first  column  is  the  leftlnost  edge  of  the  map  and  the
first  row  is  the  bottom  edge.

Figures  97  through  99  show  the  result  of  adding  grid  matrices  representing  farm  income  and
non-farm  income  in  the  105  counties  of  Kansas,   to  produce  a  map  of  total  income  within  the  State.

]See  Appendix  C.



C)

Figure  97.--Non-farm  income  in  Kansas   for  1973,
by  counties.     Contour  intervals  are  logarith-
mically  spaced  over  the  range  1000  to  4,650,000

Figure  98.--Farm  income  in  Kansas  for  1973,
by  counties.     Contour  intervals  are  log-
arithmically  spaced.
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Figure  99.--Total   income  in  Kansas,   produced  by
adding  the  grid  matrices  from  Figures  97  and
98.     Contour  intervals  are  logarithnically
spaced.





Field
Number Parameter  Descri

Code  nulnber  of  the  file  from  which  the
matrix  is  to  be  read.1

Number  of  columns  in  the  matrix.

Number  of  rows  in  the  matrix.

Directs  SURFACE   11  to  store  the  matrix  as
grid  matrix   (I)   or  filter  rna.tl.ix   (2).

If  0,  the  first  colum  read  froln  the  file
will  be  stored  as  the  left  edge  of
the  matrix.

If  1,  the  first  column  read  is  stored  as
the  right  edge  of  the  matrix.

If  0,  the  first  row  read  from  the  file  is
stored  as  the  bottom  row  of  the
matrix .

If  1,  the  first  row  read  from  the  file  is
stored  as  the  top  row  of  the  matrix.

Forma.t  of  the  input  data;2  elements  of  the
matrix  must  be  read  in  floating  point   (real)
format  with  one  row  per  record.

Assumed
Value

Required

Required

Required

1

Required

The  matrix  may  appear  in  any  BCD  forlnat  but  must  be  I.ead  in  by  rows   (one  row  per   logical
record)   and  not  by  colums.     The   'INCR'ERENT  command  may  be  used   to   eliminate  any  elements   on
the  file  that  are  not  to  be  stored.     However,   the  same  results  can  be  achieved  by  use  of  an
appropriate  format  specification  in  parameter  seven.     Once  stol.ed,  the  grid  matrix  may  be
scaled,   smoothed,   plotted,   and  manipulated  in  exactly  the  same  manner  as  a  matrix  generated
by  a  SURFACE   11   counand.      Values  read   in  by   'MATR'IX  may  be   listed  by  using   'ECHO'.

The   'MATR'IX  command  reads  values   for  2  only.     The  values  of  the  coordinate  variables   X
and  Y  associated  with  elements  in  the  matrix  are  defined  by  the   'EXTR'EMES  command.     If  this
command  is  not  present  and  no  sanple  data  points  have  been  previously  read  in,   the  range  of
the  map  in  the  X-direction  will  be  set  equal  to  the  number  of  columns  in  the  grid  matrix
(Xmin  =   1i   Xmax  =  NC)   and  the  range  in  the  Y  direction  will  become  the  number  of  rows  in  the

matrix   (Ymin  =   I.   Ymax  =  NR).     Values  of  X  and  Y  associated  with  2c,r,   which  is  the  elelnent  in

column  c  and  row  r  of  the  grid  matrix,  al.e   (Xc,   Yr).     These  coordinates  are  calculated  by

Lsee  Appendix  C.

2see  Appendix  8.



128

Xc=   Xmin   +   (C-I)   dx             Yr   =   Ymin   +   (r-l)   dy

where  dx  is  the  distance  in  the  X-direction  between  colurms  in  the  grid  matrix  and  dy  is  the
distance  in  the  Y-direction  between  rows  of  the  grid  matrix.

dx
Xmax   -Xnin              ,           Ymax   -Ymin

dy
NC   -1                   -'                 NR   -I

Parameters  five  and  six  determine  the  placement  of  the  rows  and  columns  in  the  grid  matrix.
If  the  colurms  read  from  the  external  file  are  to  be  stoI.ed  from  the  left  edge  of  the  grid  to
the  right,  parameter  five  should  be  0.     If  the  colurms  read  from  the  file  should  be  stored  from
right  to  left  in  the  grid,  pal.ameter  five  should  be  set  to  i.     Similarly,   if  the  rows  read  from
the  file  are  to  be  stored  from  the  bottom  to  the  top,  parameter  six  should  be  0.     To  store  the
rows  starting  at  the  top  of  the  grid,   pal.ameter  six  should  have  aL  value  of  I.
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'MDIV'|DE   -    per.forms  element-by-element  division  between  a  grid  matrix  and  a  second  matrix.    Z5

=
Field
Number Parameter  Descri

File  code  on  which  second  matrix  is  stored.I

Defines  the  dividend  and  divisor.
If  0,  each  element  in  the  grid  naLtrix  is

divided  by  the  corresponding  element
of  the  second  matrix.

If  1,   each  element  of  the  second  inatrix  is
divided  by  the  corresponding  element
of  the  grid  matrix.

Assured
Value

A  quotient  matrix  replaces  the  original  grid  matrix.     The  second  matrix  is  stored  excer-
nally  in  the  same  format  as  a  matrix  written  by  a   'SAVE'   collmand;   it  must  have  the  same  number
of  rows  and  coluinns  as  the  grid  matrix.

Below  is  an  exaple  of  the  operation  of  'MDIV'IDE  on  a  2  by  2  grid  matt.ix,  with  parameter
two  set  to  0.

al2          a22

all         a2l

origina.I  grid
matrix

bl2b

b--b
11             -21

22|                                      ai2/bi2         a22"22

211                                       aiithii         a2i/b2iJ

second  matrix new  grid  matrix

Note  that  subscripts  are  used  in  a  different  convention  than  in  matrix  a.Igebra.    The  first
subscript  indicates  the  colum  and  the  second  subscript  indicates  the  row  of  the  matrix  in
which  an  element  is   located.     Colurms  and  rows  of  the  matrix  are  arranged  in  the  same  manner
as  a  grid  maLtrix  when  it  is  plotted;   that  is,   the  first  coluni  is  the  leftmost  edge  of  the  map
and  the  first  row  is  the  bottom  edge.

-       Figure  loo  is  a  contour  map  of  total  income  for  the  105  counties  of  Kansas.     Figure  101
is  a  map  of  the  populations  of  these  counties.     By  dividing  the  elements  of  the  first  map  by
elements  of  the  second,   a  map  of  per  capita  income  is  produced   (Fig.102).

]Refer  to  Appendix  C .



Figure   100.--Total   income  in  Kansas  for   1973,   by
counties.     Contours  are  logarithmically  spaced
over  the  range   Slooo  to   $4,650,000.     This  map
is  drawn  from  a  grid  rna,trix  created  using  the
'MADD'    coinmand   (see   Figs.    97-99).

'iiiiiJO   ao0£
0C)

ig©  0  Eo  ctgo
_n

e                                4                                6                                 a                                io

Figure  lol.--Population  in  Kansas  by  county  for
1973.     Contours  are   logarithmically  spaced.



Figure  102.--Per  capita  income  in  I(ansas,   obtained
by  dividing  elements  in  the  grid  matrix  of
Figure  100  by  elements  in  the  grid  rna,trix  of
Figul.e   101.     Contour  interval  is   $500.     The
$5000  contour  level   is  aLnnotated.





133

'MLEV'EL  -       subtracts  a  linear  trend  surface  from  a  grid  matrix,  replacing  the  matrix  with
the  residuals.

>
lIIJ
.IJ
=

This  comand  fits  a  linear  least  squares  regression  of  the  form  Z'   =  bo  +  b]Xc  +  b2Yr  to
the  estimated  values   2c,I,   c  =   1 ,...,   NC,   r  =   I ,...,   NR,   rather  than  to  the  original   sample

data  Points  as  does   'TREN'D.     The  values  for   Xc  and  Yr  are  calcula.ted  from  parameters  of  the
' EXTR'EMES   comand :

Xmax   -   Xmin

c                 NC   -1

Ymax   -   Ymin

I                NR   -1

*    (c-I)    +   Xlnin      ,

*   (I-I)   +  Ymin     '

where  c  and  I  are  the  column  and  row  coordinates  of  a  given  matrix  element.

If  parameter  one  is  set  to  I,   the  regI.ession  equation  is  evaluated  at  the  sample  data
points  from  which  the  grid  was  originally  created.     The  Z  values  of  the  sample  data  points
are  replaced  by  the  residual  value   (Z  -Z')   and  are  available  for  subsequent  posting.     'I'he
X  and  Y  values  of  the  sample  data  are  not  altered.

Beca.use  the  linear  trend  is  coxputed  fron  i  values  in  the  gI.id  matt.ix,   a  grid  must  have
been  previously  generated  fl.om  saxple  data  or  rea.d  from  an  extemal  file.

The  purpose  of   'MLEV'EL  is  to  transform  the  surface  to  a  statistically  stationary  form.
The  process   is   sometimes  referred  to  as  "leveling"  the  data.     Figures   log-106  show  a  surface
as  both  a  contour  map  and  block  diagram  before  and  after   leveling.     The  commands  which  pro-
duced  the  leveled  plot  in  Figure  105  are:

TITLE                        MLEVEL   TEST   FOR   SURFACE   MANUAL
DEVICE                     I,  'DAVIS.
IDXY                           200,11,4,2,3,4,I,0,1,9999,'  (F6.0,2F12.5,F7.0)'
GRID                           I,0.2,0.2
EXTREMES               0,10,0.6
MLEVEL
CONIDUR
CINTERVAL
SIZCONTOuR
BOX
PERFORM
STOP

0,0,10,0'5
i,6,3.6
1, 2,1, 2, 0, 0,0,I, 0.1
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Figure  103.--Contour  map  of  subsurfa.ce  geologic
structure  in  I)a.rt  of  Graham  Co.,   Kansas.     Con-
tours  represent  subsea  elevations  of  the  top
of  the  Lansing  group,  and  are  given  in  feet
below   sea   level.

Figure   104.--Block  diagram  of  the  surface  shown
in  Figure   103.     Note  pronounced  slope  of  the
surface  from  back  to  front  of  the  diagram.



Figure   105.--Contour  map  of  the  surface  shown  in
Figure   103  after   leveling  using  the   'MLEV'EI.
command.     Contours  are  in  feet  of  deviation
from  the  fitted  trend.

Figure   106.--Block  diagram  of  the   leveled   surface
shorn  in  Figure  105.     Note  that  the  back-to-
front  slope  apparent  in  Figure  104  is  not
present.     The  surface  fluctuaLtes  around  a
middle  value.
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'MMUL'TIPLY   -      multiplies  each  element   in  a  grid  matrix  by  the  corresponding  element  in  a

second  matrix.

Field                                                                                                                                                                                                        Assumed
Number                                                                    Parameter  Description                                                                    Value

1                                                       File  code  on  which  second  matrix  is   stored.1                                  Required

The  product  matrix  replaces  the  original  grid  matrix.     The  second  matrix  must  be  stored
on  an  external  file  by  the   'SAVE'   colmand  or  in  the  sane   (binary)   foma.t  as  a  matrix  created
by   'SAVE' .     The  externa.1  matt.ix  must  have  the  same  number  of  rows  and  columns  as  the  grid
matrix.

Below  is  an  example  of  the  operation  of   'unL'TIPLY  on  a  2  by  2  grid  matrix.

ai2       a22-®              bi2       b22|                                      ai2bi2       a22b22|

all         a2i.                                            bii         b2i.                                            aiibii         a2ib2i-

original  grid
matrix

second  matrix new  grid  matrix

Note  that  subscripts  are  used  in  a  different  convention  than  in  matrix  algebra.     The  first
sut)script  indicates  the  column  and  the  second  subscript  indicaLtes  the  row  of  the  matrix  in
which  an  element  is   located.     Colurms  and  rows  of  the  matrix  are  arranged  in  the  sane  mauner
aLs  a  grid  matrix  when  it  is  plotted;   that  is,  the  first  column  is  the  leftmost  edge  of  the
map  and  the  first  row  is  the  bottom  edge.

Figure  107  is  an  isopach  map  of  the   '8'   division  of  the  Mississippian  Osage  Series  in
Stafford  County,   I(ansas.     This  unit  is  a  zone  of  weathered  rock  composed  of  a  mixture  of  chel.t
fl.agments  in  a  clay  matt.ix.     In  some  areas,  natural  gas  is  trapped  in  pores  within  the  chert.
The  ratio  of  clay  matrix  to  chert  may  be  a  critical  control  on  gas  accumulation.     Figure  108
is  a  map  of  the  shale  ratio  derived  from  the  avel.age  intensity  of  gama  rays  emitted  by  potas-
sium  40  in  clay  minerals,   as  measured  on  radioactivity  logs  of  wells  drilled  thl.ough  the  in-
terval.     These  two  maps  can  be  combined  by   'muL'TIPLY  to  yield  a  map  of  equivalent   shale
thickness,   shorn  ill  Figure  109.     This  is  the  total  thickness  of  the  shale  fraction  of  the
Mississippian  '8'  division,   if  all  the  colistituent  clay  materials  wel`e  segregated  into  a
single  unit.     Because  this  map  indicaLtes  al.eas  of  relatively  high  shale  concentrations,   it
may  be  useful  in  futul.e  exploration  for  natural  gas  in  the  region.

1Refer
to  Appendix  C.
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Figure   107.--Thickness  of   '8'   division  of  Missis-
sippian  Osage  Series   in  Stafford  Co.,   Kansas.
Contour  interval   is  10  feet.     Tick  mar.ks  are
at   I-mile  intervals.     Cool.dinates  are  measured
from  an  arbitrary  origin.

-ea



-90 -BS

Figure   108.--Gamma  ray  shale  ratio  of  Mississip-
pian   '8'   interval,   based  on  average  garma  ray
intensity  measured  in  wells.     Contour  interval
is  0.I   shale  ratio.

-eo



Figure  109.--Total  thickness  of  shale  fraction  of
Mississippian   '8'   interval.     The  grid  matrix
for  this  map  was  created  by  using  the   'MMUL'-
TIPLY  comnand  to  combine  Figures   107   and   108.
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'MOUT'PUT   -    prints  or  punches  the  grid  matrix.

Field
Number Parameter  Descri

Type  of  output
If  0,  the  grid

I.OWS .

If  1,  the  grid
colums.

If  2,  the  grid
rows .

If  3,   the  grid
colums.

desired.
matrix  will  be  printed  by

matrix  will  be  printed  by

matrix  will  be  punched  by

matrix  will  be  punched  by

Fomat  of  punched  output.I

Assured
Value

Required  only
for  punched

Output

A  matrix  must  have  been  previously  read  or  generated  before  this  command  can  be  executed.
If  a  matrix  is  read   in,   the   'ECHO'   colrmand  can  be  used  to  print  it  as   it   is  I`ead.      'MOUT'PUT,
on  the  other  hand,   prints  the  inatrix  after  alterations,   if  any,  have  been  made.     For  example,
it   rna.y  be  used   to   displaiy  the   I.esults   of  commands   such   as    'MSMO'OTH,    'SCAL'E,    'ISOP'ACH,
'RANG'E,    'DERI'VATIVE,    'FILT'ER,   or   'MLEV'EL  which  modify  values   of   the   grid   matrix.      SURFACE

11  prints  the  lnatrix  in  strips  of  eight  colurms.

The  second  paraimeter  is  required  only  for  punched  output.     A  standa.rd  fomat  is  used  if
the  matrix  is  printed.

|see
Appendix   a.
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'MSMO'OTH   -     performs   "smoothing"  or  arithmetic  averaging  of  adjacent   2  values   in  the  gI.id

matrix.     One  puxpose  of  smoothing  is  to  eliminate  undesired  ''noise"  or  small-
scale  variability  that  may  be  present  in  the  original  grid.

Field
Number Paraneter  Descri

Number  of  times   the  smoothing  operation  is
to  be  performed.

Specifies  type  of  smoothing.
If  0,   neighbor.ing  values  used  in  the  smoothing

equation  are  not  weighted.
If  1,   neighbor.ing  values  in  the  smoothing

equation  are  weighted  by  the  inverse
of  their  squared  distance  from  the  grid
value  being  smoothed.

If  2,   neighboring  values  in  the  smoothing
equation  are  weighted  by  the  inverse
of  their  distance  from  the  grid  value
being  smoothed.

Weight   factor  of  center  point.     Must  be
greater  than  0.

Number  of  columns  on  either  side  of  the
grid  point  being  modified  to  be  included
in  the   smoothing  equation   (maximum  =   5) .

Number  of  rows  on  either  side  of  the  grid
point  being  modified  to  be  included  in  the
smoothing  equation   (maximum  =   5).

Assumed
Value

This  command  causes  arithmetic  smoothing  of  the  grid  matrix,  using  those  grid  values  near-
est  the  2  value  being  slnoothed.      In  unweighted  smoothing   (parameter   two  is   0) ,   the  center  point

:: :g:t::::::tb:p:cf::::rna:::f::dp:¥n::rae:i: :::::x:: :¥:::g:dawi:: :::u:¥::82:ed[:alues
yeighted  smoothing,   each  neighboring  point  is  assigned  a  weight  factor.     When  parameter  twols   Set  to   I,   to  =   1   -  a/dmax,   Where  d  is  the  distance  from  the  point  being  smoothed  to  the

neighboring  grid  Point  and  dmax  is  the  distance  to  the  most  distant  of  the  neighboring  points
used  in  the  smoothing  process.      If  parameter  two  is   set  to  2,   u  =   (I   -d/dmax)2.

The  smoothed  matrix  replaces  the  original  grid  matrix.     If  parameter  one  is  greater  than
1,   the  averaging  process  will  be  repeated  the  indicated  number  of  times  using  the  values  in
the  Previously  modified  matrix.     If  the  original  grid  is  to  be  retained,   it  must  be  saved
using  the   'SAVE'   conrmand  before   smoothing  is   done.

Figure  Ilo  is  a.  structural  contour  map  of  the  top  of  the  Lansing  Group  in  part  of  GrahaJ[l
County,   Kansas.     The   grid  matrix  was   then   smoothed  using  various   options   of  the   'MSMO'OTH  com-
mand  to  produce  the  rna.ps   shown   in  Figures   lil   through   120.      Figures   111-113   show  the   effect
of  different  distance  weighting  options.     The  most  severe  smoothing  is   accomplished  by  an
unweighted  average   (Fig.   lil)   and  the  least  smoothing   is  done  by  a  weighted  average  in  which
the  weights  drop  off  by  the  square  of  their  distance  away  from  the  point  being  smoothed   (Fig.
112).      If  the  central  point   among  those  averaged  is  heavily  weighted,   as   in  Figul.e  114,   the
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smoothing  effect   is  reduced.     Figures   115-118   show  the  effect  of  smoothing  over  increasingly
greater  numbers  of  grid  points.     Figure   115,   for  exalnple,   was   smoothed  using  a  weighted  average
of  nine  points   (one  row  and  one  column  on  either   side  of  the  point  being  averaged).     Smoothing,
of  course,   increases  as  the  number  of  points  used  in  the  average  is  increased.     The  most  severe
smoothing  in  this   sequence  was  done  using  121  points   (five  rows  and  columns  on  either  side  of
the  point  being  averaged),   shown  in  Figure   118  and  as  a  block  dia.gran  in  Figure   120.     The  block
diagram  may  be  compared  to  Figure  119,   which  shows  the   sul.face  before   smoothing.

e46e
Figure  Ilo.--Contour  map  showing  subsurface  struc-

tural  elevation  of  the  top  of  the  Lansing  Group
in  part  of  Grahain  Co.,   Kansas.     Contour  interval
is  10  feet.     Geographic  coordinates  are  in  miles
from  an  arbitrary  origin.

E46B
Figure  lil.--Grid  fl.om  Figure   110  smoothed  by  an

unweighted  average  of  two  rows  and  two  columns
on  either  side  of  each  grid  node.     Parameters
of   'MSMO'OTH   are   1,    0,    1,    2,    2.
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Figure   112.--Grid  fran  FiguI`e   Ilo  smoothed  by  a

weighted  avera.ge  of  two  rows  and  two  columns
on  either  side  of  each  grid  node.     Weighting
is  inversely  proportional  to  the  square  of
the  distance  between  points.     Parameters  of
'MSMO'OTH   are   I,    I,    1,    2,    2.

Figure   113.--Grid  from  Figure   Ilo  smoothed  by  a
weighted  average  of  two  rows  and  two  columns
on  either  side  of  each  grid  node.     Weighting
is  inversely  proportional  to  the  distance
between  points.      Parameters  of   'MSMO`OTI+  are
1'    2,    i,    2'   2.



a46B
Figure   114.--Grid   from  Figure   Ilo   smoothed  by  a

weighted  average  of  two  rows  and  two  columns
on  either  side  of  each  grid  node.     Weighting
is  inversely  proportional  to  the  distance
between  points,   except  the  central  value  is
weighted  eight  times  as  much  as  other  points
Parameters   of   'MSMO'OTH  are   I,    2,    8,    2,    2.

Figure   115.--Grid   from  Figure   110   smoothed  by  a
weighted  average  of  one  row  and  one  column  on
eac.h  side  of  each  grid  node.     Weighting  is  in-
versely  proportional  to  the  distance  between
points.      Parameters   of   'MSMO'OTH   are   I,   2,   1,
1,I.



Figure   116.--Grid  from  Figure   Ilo  snroothed  by  a
weighted  average  of  three  rows  and  three  col-
umns   on  either  side  of  each  grid  node.     Weight-
ing  is  inversely  proportional  to  the  distance
between  points.      Parameters   o£   'MSMO'OTH  are
1'    2,    I,    3'    3.

Figure   117.--Grid  from  Figure   110  smoothed  by  a
weighted  average  of  four  rows  and  four  columns
on  either  side  of  each  grid  node.     Weighting
is  inversely  proportional  to  the  distance
between  points.     Paraneters   of   'MSMO'OTH  are
I,    2,    1,    4,    4.
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Figure   ll8.--Grid  from  Figure   Ilo  smoothed  by  a

weighted  average  of  five  rows  and  five  colurms
on  either  side  of  each  gI.id  node.     Weighting  is
inversely  proportional  to  the  distance  between
points.      Parameters   of   'MSMO'OTH  al.e   I,   2,    I,   5,   5.

Figure   119.--Grid
from  Figure  Ilo
displayed  as  a
perspective  blc)ck
diagram.
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'NEAR'   -      specifies  that  sample  data  points  to  be  used  to  estimate  an  element  in  the  grid
matrix  be  found  by  a  nearest  neighbor  search  around  that  element.     A  nearest
neighbor  search  finds  the  n  nearest  points  regardless  of  their  radial  distribu-
tion  al`ound  the  element  to  be  estimated.

Field
Number Parameter  Descri

Use  of  the  search  procedure.
If  1,  use  a  nearest  neighbor  search

in   Phase   1   of   'GRID'  .
If  2,  use  a  nearest  neighbor  search

in  Phase   2   of   'GRID'.
If  3,   use  a  nea.rest  neighbor  search

in    'DVAP'  .

Nuiiiber  of  neighboring  data  points  to  be
found .

Maximum  allowable  distance,   in  units  of
X  and  Y,   of  the  nearest  data  point.

Ihximum  search  radius,   in  units  of  X
and  Y.

Assured
Value

8

Variable]

Variabie2

This  sea.rch  procedure  calculates  the  Euclidean   (straight-line)   distance  from  the  location
of  a  grid  node  to  the  surrounding  data  points.     The  closest  n  of  these,  as  specified  by  parameter
two,   are  used  to  estimate  a  value  Z  at  the  grid  node.     The  nearest  point  must  lie  within  the
radial  distance  specified  by  parameter  three.     All  of  the  specified  number  of  points  must  lie
within  the  maxirmn  ra.dial  distance  specified  by  parameter  four.     If  either  of  these  conditions
is  not  met,   the  search  ''£ails"  and  the  grid  node  is  set  to  the  default  or  blank  value.     Figure
121  shows  the   'NEAR'   search  pattern  on  a  typical  dataL  point  distribution.

The  minimum  number  that  may  be  specified  for  parameter  two   is  4,   and  the  maximum  allow-
able  is  48.     The  assured  values  of  paLrameters  three  and  four  are  calculated  from  the  size  of  the
map  al.ea,   as   defined  by  the   'EXTR'EMES  coimand,   and  the  number  of  points  on  the  rna.p.     The  assured
limits  are  sufficiently  broad  so  all  grid  elements  will  be  estimated  if  the  data  points  are  dis-
tributed  in  a  reasona.bly  uniform  manner  across  the  map.

Specification  of  a  small  number  of  control  points  in  parameter  two  may  result  in  an  irreg-
ular  estimated  surface  that  contains  abrupt  changes  in  slope.     Grid  nodes  near  control  points
will  be  estimated  with  great  accuracy,  because  the  value  of  the  nearby  point  is  averaged  with
only  a  few  more  distant  points.     However,  poor  estimates  may  be  made  of  grid  nodes  in  areas  of
sparse  control.     On  the  other.  hand,   specification  of  a  large  number  of  control  points  may  cause

]Set  to  the  ra.dius  necessary  to  include  twice  the  required  number  of  data  points  specified
in  parameter  two,   assuring  a  uniform  density  of  points  across  the  map.

2Set  to  the  radius  necessary  to  include  five  times  the  required  number  of  data  points
specified  in  parameter  two,   assuming  a  uniform  density  of  points  across  the  map.
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excessive  smoothing  of  the  surface.     Figures   122,   123,   and  124   show  maps   constructed  using
different  numbers  of  nearest  neighbors  in  the  estimation  procedure.     Selection  of  an  optimum
number  of  points  to  be  used  in  the  estinating  algorithm  can  be  made  only  by  considering  the
variability  in  the  surface  to  be  estimated  and  the  nature  of  the  data  point  distribution.
Experimentation  with  different  parameters  may  be  necessary  to  deterinine  the  best  selection.

Figure   121.--Search  pattern  used  by   'NEAR'   to
find  the  eight  closest  values  to  a  grid  node
being  estimated.

E46e

Figure  122.--Subsurface  structural  map  of  the  top
of  Lansing  Group   (Pennsylvanian)   in  part  of
Graham  County,   Kansas.     Grid  nodes  were  esti-
mated  from  points  found  by  a  nearest  neighbor
search  for  the  five  closest  control  points.



Figure   123.--Contour  map  of  the  data  shown  in
Figure  122,  but  gridded  using  eight  closest
control  points  in  a  nearest  neighbor  search.

Figure   124.--Contour  map  of  the  data  shown  in
Figure   122,  but  gridded  using  sixteen  closest
control  points  in  a  nearest  neighbor  search.
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'NNA   '   -   performs  a  nearest  neighbor  analysis  of  control  point  locations.

Field                                                                                                                                                                                                      Assumed
Number                                                                    Parameter  Description                                                                   Value

1                                                     Class  inter`/al  width  for  histogram.                                                   Variable]

The  distance  between  each  control  point  and  the  closest  other  control  point   (nearest
neighbor)   is  calculated.     Nearest  neighbor  distances  are  presented  in  the  fom  of  a  histogram
and  sulnmary  statistics  of  the  distribution  are  calculated.    These  include  the  first  four
moments  of  the  distribution  and  the  nearest  neighbor  statistic,   R,   calculated  as

R=|I
F is  the  mean  nearest  neighbor  distance  and  I  is  the  expected  nearest  neighbor  distance  for
a  random  distribution  of  points   (7r =  i v6,  where  p  is  the  density  of  points,  defined  as  the
number  of  control  points  divided  by  the  map  area) .

R  ranges  from  0  for  a  distribution  where  all  points  coincide,   to  I.0  for  a  random  distri-
bution  of  points,   to  a  maximum  of  2.15  which  chaLracterizes  a  point  distribution  in  which  the
mean  distance  to  the  neaLrest  neighbor  is  maximized.     Values  o£  R  less  than   I.0  indicate  a  ten-
dency  for  clustering  of  points,  whereas  values  greater  than  I.0  indicate  a  tendency  for  uniform
spacing  of  points.

]The  range  of  nearest  neighbor  distances  is  divided  into  25  categories  whose  boundaries
are  aLdjusted  to  rational   limits.





155

'OCTA'NT   -Specifies  that  Sample  data  point  to  be  used  to  estimate  an  element  in  the  grid <
;::;:a+5:  i;I::d'bou;r=  ::t:n€U::';r:a  :;o::auti:t-:i:::::. co"A;`;';`;I::tt.s.e;i::h6i=;ds   5
the  n  nearest  point  in  each  octant  around  the  element  to  be  estimated. 0

Field
Number Pa.rameter  Descri

Use  of  the  search  procedure.
If  1,   use  an  octant   search  in  Phase  I

of   'GRID'.
If  2,   use  an  octant  search  in  Phase  2

of    'GRID'.
If  3,   use   an  octant   seal`ch   in   'DMAP'.
If  4,   use  an  octant  search  in  the  standard

neighborhood  for  Kriging.
If  5,   use  an  octant  seal.ch  in  the  wide

neighborhood  for  Kriging.

Maximum  number  of  points  to  be  retained
in  each  octant.

Maxilnum  allowable  distance,   in  units  of
X  and  Y,   of  the  nea.rest  data  points.
For   Kriging,   this   is   the  minimum  number  of
data  points  that  must  be  found  in  a  search.
The  assumed  number  of  points   is   eight.

Maximum  search  radius,   in  units  of  X  and  Y.

Minimum  number  of  sectors   tha.t  must  have  at
least  one  data  point.

Orientation  of  octants  to  the  X-Y  axis
(-22.5   to   22.5   degrees).

Assured
Value

2

Varia.ble]

Variab|e2

6

00

An  octant   search  procedure  divides  the  area  around  a  grid  node  into  eight  equal   segments.
The  nearest  n  points,   where  n  is  specified  by  paraneter  two,   are  found  in  each  octant.     The
grid  node  is  not  estimated  and  is  set  to  the  default  or  blank  value.     The  search  for  addi-
tional  points  in  an  octant  will  not  extend  beyond  the  maximum  search  radius  specified  by  para-
meter  four.     The  search  pattern  is  shown  in  Figure  125.

Unless  the  minimum  number  of  octants  specified  by  parameter  five  contain  at   least  one
control  point  each,   the  search  ''fails"  and  the  grid  node  around  which  the  search  is  being  con-
ducted  is  set  to  the  default  or  blank  value.     A  total  of  at  least  four  data.  points  must  be
found  for  a  successful   search.

1Set  to  the  radius  necessary  to  include  twice  the  required  number  of  data  points   speci-
fied  in  parameter  two,   times  eight,   assuming  a  uniform  density  of  points  a.cross  the  map.     For
Kriging,   the  assumed  va.1ue   is  eight  points.

2Set  to  the  radius  necessary  to  include  five  times  the  required  number  of  data  points
specified  in  parameter  one,   times  eight,   assuring  a  uniform  density  of  points  across  the  map.
For  Kriging,   the  maximum  sea.rch  radius  must  be  specified.
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The  maxirmn  allowable  number  of  points  per  octant  that  may  be  specified  in  pa.ra.meter  two
is  6.     The  assured  values  of  parameters  three  and  four  are  calculated  from  the  size  of  the  map
area,   as   defined  by  the   'EXTR'EMES  command,   and  the  number  of  points   on  the  map.     The  assured
limits  are  sufficiently  broad  so  all  grid  elements  will  be  estimated  if  the  data  points  are
distributed  in  a.  reasonably  uniform  manner  across  the  map.     However,   if  the  minimum  acceptable
number  of  filled  octants  is   large   (over  6),   searches  around  grid  nodes  neaLr  the  margins  of  the
map  may  fail  because  most  of  two  or  lnore  octants  may  lie  outside  the  map  area.

An  octant  search  may  introduce  more  smoothing  into  an  estimated  surface  than  will  a  near-
est  neighbor  search  using  the   same  number.  of  I)oints.     This   is  because  points  will   be  ignored
in  an  octant  in  which  the  maximum  number  of  points  have  already  been  located,   even  if  these
points  are  closer  to  the  grid  node  than  points  in  other  octants.     The  effect  is  to  spread  the
sea.rch  over  a  greater  area,  using  more  distant  points  than  would  otherwise  be  the  case.

Octant  searches  are  especially  useful  with  certain  types  of  control  point  distributions.
If  data  such  as  aeromagnetic  or  seismic  measurements  are  collected  at  closely  spaced  intervals
along  widely  separated  traverses,   a  nearest  neighbor  search  may  attempt  to  estimate  grid  nodes
using  control  values  from  only  a  single   line  of  points.     Such  estimates  are  essentially  uncon-
strained  except  in  one  dimension,   and  unrealistic  slopes  may  be  generated  between  the  lines  of
control  points.     An  octant  search  forces  the  estimating  procedure  to  use  control  points  radi-
ally  distributed  around  the  grid  node  being  estimated.     This  introduces  control  from  neighbor-
ing  traverses  and  insures  a  two-dimensional  constraint  on  the  surface  between  the  traverses.
Figures   126  and  127  show  a  surface  generated  from  simulated  seismic  traverses  using  the  near-
est  neighbor  aLnd  octant  searches.

It  is  possible  that  traverses  of  control  points,   such  as  aircraft  flight  lines,  might
parallel  the  orientation  of  rows  or  columns  in  the  grid  matrix.     This  can  lead  to  an  undesir-
able  interaction  with  the  octant  search  pattern.     Parameter  six  allows  the  octant  pattern  to
be  rotated  to  minimize  this  interaction  effect.

Figure   125.--Search  pattern  used  by   'OCTA'NT  to
find  the  closest  control  point  in  each  octant
around  a  grid  node.



Figure   126.--Simulated  seismic  structure  map
of  the  top  of  the  Lansing  Groxp  in  part  of
Graham  Co. ,   Kansas,   cl.eated  by  a  nearest
lieighbor  search  for  eight  points.     The  simu-
1ated  seismic  data  is  spaced  along  widely
separated  traverses.

Figure  127.--The  same  data  -shown  in  Figure  126,
contoured  using  an  octamt  search  procedure.
The  search  specified  one  point  per  octant,   or
eight  points  for  each  estimaLted  grid  node.
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'OI)XY'   -      prints  or  punches  the  sa.xple  data  set.

Field
Number Parameter  Descri

Ty|)e  of  output  desired.
If  0,   a  listing  of  the  data  points  will  be

printed.
If  1,   a  card  deck  of  the  data  points  will

be  punched.

Format  of  output  deck.I

Assured
Value

Required  only
for  punched

Output

This  collrmand  prints  a  listing  or  punches  a  deck  of  cat.ds  containing  the  array  of  saxple
data  points  after  all  alterations  to  the  data  set  have  been  executed.     One  use  o£   'ODXY'   is  to
list  residuals  from  original  sample  data  points,   which  have  been  calculated  by   'MLEV'EL  or
' TREN ' D .

Five  fields  are  punclied  or  printed  on  each  logical  recol.d,   in  the  following  ol.der:     (I)
ID-variable,   (2)   X-value,    (3)   Y-value,   (4)   Z-value,   and   (5)   posting  symbol  character.     The
secc)nd  paraneter  of  this  command  is  required  to  specify  the  location  and  size  of  the  five
fields  in  the  output  record.

Lsee  Appendix  8.
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'OFF   '    -      I.esets  the  paraLmeters  of  a  SURFACE   11   cormand  to  their  assumed  values.

The  pairaneter  field  should  contain  the  first  four  letters  of  the  SURFACE  11  cormand  which
is  to  be  reset   to  its   aLssuned  paraneter  va.1ues.     Only  one  SURFACE   11   cormand  may  be  specified
in  an   'OFF   '   command.

The   following  series   of  SURFACE   11   commands   illustrate  the  use  of  the   'OFF   '   command.
The  fit.st  13  comands  grid  a  data  set  and  produce  the  transect  diagram  shorn  in  Figure  26.
The  OFF  AZIM  command  will   cause  the   'AZIM'un  comand  to  revert  to  its  assumed  value  of  4S°.

Grid
Original

daLta

Establish
dimensions

and  draw  first
diagram

(Fig.    26)

Reset   'AZIM'UTH   to
assumed  value   (45°)

G  draw  another  diagraLm

TITLE
IDXY
GRID
EXTFiEMES
DEVICE
PERFORM
TRANSECT

OFF   COMMAND   TEST   FOR   SURFACE   MANUAL
200,11, 4, 2, 3, 4,1, 0,1, 9999,  '  (F6 . 0 , 2F12 . 5, F7 . 0)  '
1,0.2,0.2
0,10, 0, 6
1,  ' SAMPSON '  , 60, 40 , 3 , 3

0'20'0
SIZTRANSECT     6
LINES
DISTANCE
ELJIVATI0N
AZIMU"
PERFORM
OFF
TRANSECT
PERFORM
STOP

I,40,24
loo
30
25

AZIM
0,20,0
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'OVER'LAY   -allows   superposition  of  two  or  more  maps.

No  paraneters

The   'OVER'LAY  commaLnd   causes   a  map   or  posting  to   be  drawn  on  top  of  a  previously  draun
map.     The  command  must   appear  within  the   comma.nd   sequence  of  the   second  map.     The  map  border
will  not  be  redraun.     As  the  overlain  map  is  a.Iways  dra.un  on  the   immediately  preceding  map,
a   series   of  overlays  rna.y  be  placed  on  a  coirmon  base  by  repeaLted  use  of  the   'OVER'LAY  command.
An   'OVER'LAY  map  must  not   exceed  the  dimensions   of  the  map  on  which   it   is   to  be  placed,   as
defined   by   the   'BXEX'TREMES   command.

Examples   of  the  use  of   'OVER'LAY  are   shorn   in  Figures   132   and   133.
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'PCON'TOUR  -    prints  a  contour  map  on  the  line  printer.

Parameter  Descri

Method  of  printing  contour  intervals.
If  0,  contour  intervals  are  shown  as

successive  bands  of  print,  each
band  consisting  of  identical
characters .

If  1,   contour  intervals  are  shown  as
bands  of print  alternating  with
blank  bands.

If  2,  contour  inter`rals  are  shown  as
bands  of  overprinted  charaLcters ,
producing  different  shadings.

Elevation  of  lowest  contour  level.

Size  of  contour  inter`/al.

Maximum  number  of  contour  levels.

Assured
Value

A  contour  map  niay  1)e  displayed  using  the  line  printer  with  the  cormand   'PCON'TOUR.      Instead
of  attellpting  to  print  lines   (which  would  be  discontinuous  in  a  line  pl.inter  presentation) ,  SUR-
FACE   11  produces  solid  bands  of  print  to  denote  intervals  between  successive  contour  lines.
Figul.es   128-130  show  maps  of  subsurfaLce  structure  in  Graham  County,   KansaLs,   printed  using  the
thl.ee  options  of  parameter  one.     These  maps  were  originally  10  x  6  I/4  inches.

The  physical   size  of  the  printed  map  is  controlled  by   'SIZP'CONTOUR.     The  size  of  a  nap  is
not  restricted  to  the  120-character  width  of  the  line  printer;   it  may  be  printed  in  successive
strips  which  can  be  spliced  together  to  create  a  nap  of  any  desired  physical  size.     SURFACE  11
will  automatically  print  a  map  in  strips  if  the  specified  size  exceeds  the  width  of  the  printer
carriage.     In  gelieral,   a  line  printer  map  should  be  larger  than  an  equivalent  plotted  contour
maLp.     This  will  aivoid  loss  of  surface  features  which  otherwise  would  be  sllialler  than  a  single
print  position.

The  value  of  the  lowest  surface  elevation  to  be  displayed  on  a  printed  contour  map  is  given
by  parameter  two.     The  contour  interval,   or  distance  between  contour  levels,   is  given  in  para-

B::e:ft::::o::d]:::I:a;::=a:£b::p:fd:O::O:;e[::::: :: !e:a::e:a:nan:i:rgf::I;at:::. acE=]e:=]e ,
suppose   SURFACE   11   executed   the   command

PCONTOUR      0,1000,50,15

and  i  Values  in  the  grid  matl.ix  range  from  935  to  1284.     Since  the  lowest  elevation  that  will
appear  on  the  printed  contour  map  is   1000,   all  i  values  below  100o  are  ignored.     Only  seven  con-
tour  levels  will  be  generated,  and  thus  there  will  be  six  distinct  bands  of print,  each  represent-
ing  one  contour  interval  on  the  final  map.     The  contour  levels  will  be:

]If  paraLmeter  four  is  not  specified  or  is  0,   sufficient  contour  intervals  will  be  creaLted
to  cover  the  range  of  the  data.
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1000
1050
1100
1150
1200
1250.

Contour  intervals  displayed  on  the  map  represent  the  following  intervals:
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Figure  128.--Line  printer  contour  lnap  of  subsurface
structure  in  Grahan  Co. ,   Kansas,  printed  under
option  0  of  parameter  one.
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|CCCC
ICCCCC
Icccccc
lccccccccc
lccccccccccc
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1o                       BBOB98BeBBBB99858aeB
I                                        B8BBeBB9BBEid83Be
I                                         BBBeeBB8e99or.€B
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Figul.e  129.--Line  printer  con-
tour  map  printed  using
option  1  of  parameter  one.
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'PERF'ORM   -     initiates  processing  of  SURFACE   11   comands.     No  pl.ocessing  is  done  until  this

comand  is  encountered.

NO   PARAMETERS

SURFACE   11   conunands    (with   the   exceptions   of   `CLEA'R,    'OFF   ',   and   'STOP')   are  not   executed
until  a   'PERF'ORM  command  is   encountel.ed  in  the  comand  sequence.     All  unexecuted  comma.nds
I)rior  to   the   'PERF'ORM  are  theli   executed.     The  order   in  which  SURFACE   11   commands  will   be  exe-
cuted  is  predetemined  and  not  influenced  by  the  physical  arrangement  of  the  comands  in  the
comand  sequence   (this  predetemined  order  is   listed  in  the  Introduction).     However,   'PERF'ORM
statements  may  be  used  to  alter  this  sequence  and  give  the  user  complete  flexibility  in  con-
trolling  the  sequence  of  operations.     For  example,   a  typical  comand  segment  migl`t  be

GRID
SAVE               12
MSMOOTH       1,0,1,1,1
PERFORM

Beca.use  of  the  pl.edetermined  order  of  executic)n,   the  gI.idded  matrix  will  be  smoothed  prior  to
being  saved  on  external   file   12.     The  command  segment

GRID
SAVE               12
PERFORM
MsrmTh     I,O,I,I,I
PERFORM

is   identicail  except   for  the  second   'PERF'ORM  statement  after  the   'SAVE'   cormaind.     This  will
cause  the  original  matt.ix  to  I)e  saved  on  the  external  file  before  smoothing.

IMPORTANT  roTE:     Although  the   'PERF'ORM  comand  is  used  to  alter  the  predetermined  order
of  execution,   it  does  not  change  the  values  of  certain  previously  set  parameters.     New  para~
meters  may  be  specified  by  repeating  the  comands  with  the  desired  new  values,   or  maiy  be  reset
to  their  assured  values  by  an   'OFF   '   coma.nd.





171

'POST'   -   generates  a  posting  of  the  sample  data  points.

Field
Number Pa.rameter  Descri

Determines  how  points  are  to  be   labeled.
If  0,   points  are   labeled  with  the  value

of  the  Z-variable.
If  1,   points  are   labeled  with  the   ID-

variable.
If  2,   symbols  are  posted  without   laLbels

Number  of  characters  to  the  right  of  the
decimal  point  in  the  label.

Height  of  sylnbol,   in   inches.

Height  of  label,   in  inches

Code  for  symbol   to  be  posted.

Assumed
Value

A  posting  is  a  map  which  shows   the   locations   of  sanple  data  points.     The  points  may  be
indica.ted  by  a  variety  of  different  symbols,   and  may  be  labeled  with  either  an  identification
number  or  with  their  Z-value.     Choice  of  labels   is  made  by  parameters  one  and  two  of   'POST'.
A  posting  lnay  be  a  separate,   independent  plot  or  may  be  superimposed  on  a  contour  map.     Exam-
ples  of  these  two  applicaLtions   are  shorn  in  Figure  131   and  132,   which  show  the  well   control   in
an  area  of  Graham  Co.,   Kansas.     A  post   can  be  placed  on  a  previously  drawn  contour  map   (or  on
a  previously  drawn  posting)   by  use   of  the   'OVER'LAY  command.

Symbol   and   label   size  can  be  controlled  independently  using  parameters   three  and  four.
The  symbols  which  can  be  used  and  their  code  are  given  in  the   following  ta.ble.     Parameter  size
allows  selection  of  a  desired  symbol   if  the  input  data  file  does  not  contain  sprbol   codes.     If
parameter  five  of   'POST'   is   set   to   0,   symbol   codes   for  individual  points  may  be  enter.ed  using
the    'IDXY'    command.

Figure  133   shows  wells   in  part  of  Grahan  Co.,   Kansas,   plotted  with  different   symbols   for
dry  and  producing  wells.

Codes  and  posting  symbols   specified  by  parameter
five   of   'POST'

0  =  read  symbol  code  from  input  data  file

I-+                                    4=+
2--><                                  s--A
3=0                                 6-I
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AUXILIARY   COMMANDS   used   with    'POST'  :

'BOX    ,

' BXEX ' TREMES
' OVER ' LAY
' POUT ' LINE
' S I ZC ' ONTOUR

The   'B0X   '   command  controls  the  annotation  of  the  border  of  the  plot.     The  size  of  this
border  is  controlled  by   'BXEX'TREMES.     A  posting  can  be  superimposed  on  a  contour  map  using
'OVER'LAY.     Outlines   and  similar   information  can  be  placed  on  a  posting  using   'POUT'LINE.     The

physical   dimensions   of  the  |]osting  are  given  by   'SIZC'ONTOUR.

+                       ++    `++
+

++++   `
+

++ `  +:    ++

` +  +`    `  .,  i:+++ +
+.,..+,-+

+
+    -++    +++++

+,:+.:+::+:`      +

+

++++

+

++  + ++++ `

+++

:+++

10

Figure  131.--Posting  of  control  wells   in  a  portion
of  Graham  Co.,   Kansas.
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Figure   132.--Combined  posting  of  control  wells  and
subsurface  structure  contour  map  of  the  top  of
the  Lansing  Group  in  Graham  Co. ,   Kansas.

Figure   133.--Sane  map  as  Figure   132,   but  plotted
to  distinguish  between  producing  (0)   and  dry
(+)wells.
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'POUT'L|NE   -    draws  outlines  on  a  contour  map  or  posting.     The  lines  are  drawn  inside  the
map   area  only.

N0   PARARETERS

Any  outline  to  be  drawn  on  a  map  or  posting  must  have  been  read  in  by   'ROUT'LINE.     All
outlines  which  have  been  previously  read  in  and  not  removed  by   'CLEA'R  will   be  drawn  on  the
contour  map   or  posting  when  command   'POUT'LINE   is   given   in  the   same   sequence  with   'CONT'OUR
Or    'POST'.

Figure  134  shows   a  posting  of  well   locations  on  which   lease  boundaries  have  been  plotted
using  'POUT'LINE.     Note  that  the  boundaries   can  be  drawn  at  arbitrary  positions  through  the
field  of  figures.     Figure  135  is  a  contour  map  of  annual  rainfall  in  the  state  of  Illinois.
'POUT'LINE  has  been  used  in  conjunction  with   'BLAN'K  to  create  a  map  in  which  the  outline
forms  the  boundary  of  the  map.

Figure  134.--Well  posting  in  a  drilling  tract
in  western  I(ansas,   showing  locations  of
lease  bounda.Ties.     Horizontal  scale  in
quarter-mile  increments.     Posted  numbers
are  well  identification  nuinbers.

Figure   135.--Inches  of  annual         0
rain fa.11  in  Illinois,   draurl E46
with  a  digitized  outline  of  the  state  as  a  border.     This  illustration  is
taLken  from  Figure  19  of  the  Introduction.
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'PPOS'T  -     prints  a  posting  of  saxple  data  points  on  the  line  printer.

Points  on  a  printer  posting  aLre  not  labeled.     Bounda.ries  of  the  map  area  are  specified  by
the   'EXTR'EMES  command.      Size  of  the  posting   is   determined  by   'SIZP'CONTOUR.

The  dimensions  of  the  map  should  be  large  enough  so  each  symbol  represents  only  one  data
point.     If  the  data  points  are  too  closely  spaced,  one  symbol  on  the  printed  posting  may  repre-
sent  nor.e  than  one  data  point.     If  this  occurs,   the  physical  size  of  the  map  should  be  increased
by  using   'SIZP'CONTOUR.      Figure   136  shows  a  posting  of  well  control  data  from  a  part  of  Grahan
County,   Kansas.     The  character  2  on  the  map  represents  a  point  where  two  wells  have  been  posted
as   a  single  charaLcter.

I

I.'

I
I

2

I.  .       t   ,
I
+     ,         ,          ,      +     +                  +      ,

I+
I++.+

+---------.---------+-..-.----+------.-.+----.----.---------+------.--.-.-------.---------+---------

Figure  136.--Line  printer  posting  of  Grahan  County
subsurface  well  data.     Map  reduced  from  an
original  size  of  10  x  6   I/4  inches.
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'QUA|)'RANT   -Specifies  that   sanple  data  points  to  be  used  to  estimate  a.n  element   in  the

grid  matrix  be  found  by  a  quadrant  search  around  that  element.     A  quadrant
search  finds  the  n  nearest  points  in  each  quadrant  around  the  elelnent  to  be
estimated.

Field
Number Parameter  Descri

Use  of  the  search  procedure.
1£  1,   use  a  quadrant  search  in  Phase  I

of   'GRID,.
If  2,   use  a  quadrant  search  in  Phase  2

of    ,GRID'.
If  3,   use  a  quadrant   search  in   'DMAP'.

Maximum  number  of  points  to  be  retained  in
each  quadrant.

Maximum  allowable  distance,   in  units  of
X  and  Y,   of  the  nearest  data  point.

Maximum  search  radius,   in  units  of  X  and  Y.

Minimurn  nur`ber  of  sections  that  must  have  at
least  one  data  point.

Orientation  of  quadrants  to  the  X-Y  axis
(-45   to  45  degrees).

Assumed
Value

A  quadrant  search  procedure  divides  the  area  around  a  grid  node  into  four  equal   segments.
The  nearest  n  data  points,   where  n  is  specified  by  parameter  two,   are  found  in  each  quadrant.
If  the  distance  to  the  nearest  data  point  exceeds  the  distance  specified  by  parameter  three,
the  grid  node  is  not  estimated  and  is  set  to  the  default  or  blank  value.     The  search  for  ad-
ditional  points  in  a.  quaLdrant  will  not  extend  beyond  the  rna.ximum  search  ra.dius  specified  by
parameter  four.     The  search  pattern  is  shown  in  Figure  137.

Unless  the  minimum  number  of  quadrants  specified  by  parameter  five  contain  a.t  least  one
control  point  each,   the  search  "faLils"  and  the  grid  node  around  which  the  search  is  being  con-
ducted  is  set  to  the  default  or  blank  value.     A  total  of  at  least  four  data  points  must  be
found  for  a  successful   search.

The  maximum  allowable  number  of  points  per  quadrant  that  may  be  specified  in  parameter  two
is  12.     The  assumed  values  of  parameters  thl.ee  and  four  are  calculated  from  the  size  of  the  map
area,   as  defined  by  the   'EXTR'EMES   colnmand,   and  the  number  of  points   on  the  map.     The  assumed
limits  are  sufficiently  bl.oad  so  all  grid  elements  will  be  estimated  if  the  data  points  are

1Set  to  the  radius  necessary  to  Include  twice  the  required  number  of  data  points  specified
in  parameter  two,   times  four,   assuming  a  uniform  density  of  points  across  the  map.

2Set  to  the  radius  necessary  to  include  five  times  the  required  number  of  data  points
specified  in  parameter  one,   times  four,   assuming  a  uniform  density  of  points  across  the  map.
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distributed  in  a  reasonably  'uniform  manner  across  the  map.     However,   if  parameter  five  speci-
fies  that  three  or  four  quadrants  must  be  filled,   searches  around  grid  nodes  near  the  margins
of  the  map  rna,y  fail  because  most  of  one  or  lnore  quadrants  may  lie  outside  the  inap  area.

A  quadrant  search  introduces  more  smoothing  than  aL  nearest  neighbor  search,   but  less  than
an  octant  search.     Points  in  a  quadrant  will  be  ignol.ed  if  the  maximurn  number  of  points  have
already  been  locaLted  in  that  quadrant,   even  though  these  points  may  be  closer  to  the  grid  node
than  points  in  other  quadrants.     'IT`e  effect  is  to  increase  the  ra,dius  of  search,  using  more
distant  points  tha.n  would  be  the  case  with  a  simple  nearest  neighbor  sea.rch.

QuadraLnt  searches  are  useful  under  the  sane  conditions  as  octant  searches,   especially  where
da.ta  points  are  collected  along  lines  or  traverses.     A  nearest  neighbor  search  may  find  the
specified  number  of  points  for  an  estimation  entirely  on  a  single  line.     An  estimate  made  from
such  a  collection  of  control  points  will  be  unconstrained  except  in  one  direction.     A  quadrant
search  pattern  insures  that  some  degree  of  radial  control  is  used  in  the  estimating  procedure,
and  will  avoid  the  creation  of  unrealistic  slopes  parallel  to  traverses  of  control  points.
Because  the  radial  constraint  on  a  quadrant  search  is  not  as  stringent  as  an  octant  search,   it
produces  effects  intermediate  between  octaLnt  and  nearest  neighbor  search  patterns.     Figures   138
and  139  show  exaxples  of  quadrant  searches  using  different  numbers  of  points  per  quadrant.

It  is  possible  that  traverses  of  control  points,   such  as  aircraft  flight  lines,  night
parallel  the  orientation  of  rows  or  columns  in  the  grid  matrix.     This  can  lead  to  an  undesir-
able  interaction  with  the  quadrant  search  pattern.     Parameter  six  allows  the  quadrant  pattern
to  be  rotated  to  minimize  this  interaction  effect.

Figure   137.--Search  pattern  used  by   'QUAD'RANT
to  find  the  closest  control  point  in  each
quadrant  around  aL  grid  node.
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Figure  138. --Subsurface  structural  contour  map  of

the  top  of  the  Lansing  Groan   in  Graham  Co. ,
KaLnsas,   napped  using  a  quadrant  search  with
two  points  per  quadrant.

E46B

Figure   139.--Same   surface  a.s   in  Figure   138,   but
napped  using  four  points  per  quadrant.
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'RANG'E   -      chec.ks   for  values  in  the  grid  matrix  that  may  be  above  or  below  specified   limits.

Field
Number Parameter  Descri

Minimum  acceptable  value  of  i  in  the
grid  matrix.

Ma.ximum  acceptable  vaLlue   of  2   in  the
grid  matrix.

Code  specifying  how  values  outside  the
allowable  range  are  to  be  modified   (see
text) .

\

Assumed
Value

0.0

100.0

The   'RANG'E  command  allows   the  user  to  change  or  eliminate   Zc,I  values  in  the  grid  matrix

which  are  smaller  than  some  minimum  value  or   larger  than  some  maximum  value.

If  Parameter  three  is  0,   each  value  of  Zc,r  in  the  grid  matrix  is  compared  to  the  range  of
values  given.     A  matrix  element  below  the  acceptable  range  is  assigned  the  minimum  value  speci-
fied  by  parameter  one.     An  element  having  a  value  greater  than  the  maximum  allowable  va.Iue
specified  by  parameter  two  is  set  equal  to  the  allowa.ble  maximum.

If  parameter  three  is  set  to   1,   the  value  of  aLny  grid  element  outside  the  allowable  range
is  assigned  the  code  value  used  to  indicate  missing  data.     Contours  are  not  created  for  grid
elements  outside  the  allowable  range,   and  hence  are  not  plotted.     Figure  140  shows  the  Graham
County  test  surface  as  a  contour  map  with  all  elevations  confined  to  the  range  -1100  to  -1300
feet.     Commands  used  to  create  this  illustration  are  given  below.

TITLE
DEVICE
IDXY
GRID
EXTRENIS
PERFORM
RANGE
CONT0lR
CINTERVAL
SIZcONTOUR
BOX
PERFORM
STOP

RANGE   TEST   FOR   SURFACE   MANUAL
I , , DAV I S '
200,11,4 , 2 , 3 ,4 , I , 0 , I ,9999,  '  (F6 . 0, 2F12 . 5 ,F7 . 0)  '
1,0.2,0.2
0'10,0,6

-1300 , -1150' 0

0' 0' 20' 0,5,0.I,0, 2 .0,5
I,6'3.6
1,2 ,1 '2 '0'0,0,1' 0.1



e4Ce
Figure  140.--Contour  map  of  subsurface  geologic

structure  in  part  of  GI`ahan  Co.,   KaLnsas.     All
elevations  below  -1300  feet  were  set  to  -1300,
and  all  elevations   above   -1100  were  set  to   -1100.
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'RE6R' |D   -     changes  the  number  of  col`mns  and  rows  in  an  existing  grid  matrix.

Field
Number ParameteI.  Descri

If  0,   the  number  of  colums  and  rows  in
the  new  grid  lmtrix  will  be
specified.

If  I,  the  number  of  colums  and  rows  in
the  new  grid  matrix  will  be  calculated;
the  distances  between  colulms  and  rows
must  be  given.

Either  the  number  of  colums  in  the  new  grid
or  the  distaLnce  in  units  of  X  between  colulms;
riterpretation  depends  on paraneter  one.

Either  the  number  of  rows  in  the  new  grid
or  the  distance  in  units  of  Y  between  rows;
Iri:terpretation  depends  on  parameter  one.

Assured
Value

2:i I \

2:i I 1

The  parameters  of   'REGR' ID  specify  the  size  of  the  modified  grid  rna.trix  and  a.re  completely
independent  of  the  original  grid.     Elements  in  the  new  matrix  are  estimaLted  by  double  linear
interpolation  from  elements  in  the  original  naLtrix.

The  user  may  define  the  size   (i.e.,   the  number  of  colums  and  rows)   of  the  rna.trix  in  two
different  ways.     By  setting  parameter  one  to  0,   the  number  of  colurms  and  rows  in  the  matrix
may  be  given  explicitly.     Then,   the  distance  between  columns  is

Xmax   -   Xmin

NC-I

Ymax   -   Ymin

and  the  distance  between  rows  is

NR-1

Where   Xnini   Xmax.   Ymin,   and  Ymax   a.re   determined  by   'EXTR'EMES,   and  NC   and  NR  are   given  by

parameters  two  and  three.

When  parameter  one  is  set  to  I,   the  user  defines  the  distance  between  columns  and  rows,
and  NC  and  NR  are  calculated  by  dividing  these  distances  into  the  ranges  o£  X  and  Y,   as  speci-
fied  by   'EXTR'EMES.      If  there  is  any  remainder,   the  ranges  of  X  and  Y  are  expanded  so  the  dis-
tances  between  all  rows  and  columns  are  unifom.     For  exanple,   if

Xmin=      1           Y.      =      1           parameter.two=3
mlTI

Xmax=   25          Xmax=   20         Paraneterthree=   3

the  number  of  columns  in  the  matrix  will  be

25-I
3

+1=9
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and  the  null`ber  of  rows  in  the  matrix  will  be

20-I
3

+    1   =   7    1/3    .

To  avoid  fractions,   the  number  of  rows  will  be  increased  to  8,   and  the  value  of  Y         automatical-
ly  expanded  to  22.

AUXILIARY   C0h"AND   used   with   'REGR'ID:

' EXTR ' Eras

'EXTR'EMES  defines   the  X,   Y   limits   of  the  regridded  matrix.     This   colnmand  can  be  used  to
expand  or  contract  the  limits  of  the  original  grid  matrix.     Elements  in  the  regridded  matrix
which  are  outside  the  limits  of  the  original  matrix  are  set  to  the  default  or  blank  value.



Field
Number PaLrameter   Descri

File  code  from  which  the  matrix  is  to  be
read .1

Determines  the  order  of  columns  in  the  grid
matrix.
If  0,  colums  are  stored  starting  with  the

left  edge  and  proceeding  to  the  right
edge  of  the  grid  lnatrix.

If  I,   colums  are  stored  from  right  to  left.

Determines  the  placement  of  rows  in  the  grid
matrix.
If  0,  rows  are  stored  beginning  at  the  bottom

of  the  matrix  and  proceeding  to  the  top.
If  1,  rows  are  stored  from  top  to  bottom.

Assured
Value

Required

The   'REST'ORE   command  is  used  to  read  a  grid  matrix  into  memory.     The  grid  matrix  must
ha.ve  been  previously  stored  on  all  extemal   file  using  the   .SAVE'   cormnand.     A  matt.ix  computed
by  another  program  also  rna.y  be  read  into  memory  using  the   'REST'ORE  command  if  the  matrix  is
stored  on  a  file  in  binary  format.

The  first  record  of  the  file  must  contain  the  number  of  columns   (field  one)   and  rows
(field  two)   to  be  read.     The  matrix  must  be  stored  by  rows  with  one  row  per  record.     A  third
field  is  included  on  the  first  record  which  is  a  code  indicating  the  contents  of  the  second
record  on  the  file.     If  this  code  value  is  I,   the  second  record  will  contain  inforTJiation  about
the  matrix   (including  the  range  of  X  and  Y  values)   which  is  used  by  SURFACE   11.      If  this   code
value  is  0,   the  second  record  of  the  file  will  be  the  first  row  of  the  matrix.     Under  this
option,   no  information  about  the  minimum  and  maximurn  values  for  X  and  Y  can  be  obtained  from
the  file.     This  option  should  be  used  to  read  in  all  binary  files  not  created  by  the   'SAVE'
command.

AUXILIARy   ComIAND   used   with   'REST'ORE:

' INCR I EMENT

If  only  part  of  a  saved  matrix  is  to  be  restored,   the   'INCR'EMENT  command  may  be  used  to
specify  which  rows   and  columns  of  the  saved  matrix  al.e  to  be  read  into  memory.
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'ROUT'LINE   -    reads   in  X  and  Y  coordina.tes   of  points   to  be  cormected  by  straight   lines,

forming  an  outline  within  the  map  area.

An  outline  read  by  this  comand  may  be  used  to  define  blanked  areas,   or  may  be  draun  on  a
contour  map  to  denote  special  areas  or  features.     The  area  defined  by  coordinates  read  by   'ROUT'-
LINE  must  be  contained  within  the  map  area.

The  first  recol.d  read  fl.om  the  input  file  must  contain  a  description  of  the  boundary  co-
ordinates  that  follow.     There  are  two  fields  in  the  first  record,  which  must  be  read  in  214
format.     The  first  field  contains  the  number  of  points  in  the  outline.     The  second  field  con-
tains  a  code  which  specifies  how  the  outline  should  be  inter|)I.eted.     If  the  second  field  is  0,
the  outline  to  be  read  does  not  define  blanked  aLreas,   but  may  be  dram  on  the  contour  map  using
'POUT'LINE,   as  in  Figure   134.     This  outline  does  not  necessarily  define  a  closed  area.      If  the
code  in  the  second  field  is  1,   the  map  area  outside  the  spa.ce  enclosed  by  the  outline  will  be
t)1anked   (see   'BLAN'K),   ais  in   Figure   135.      If  the  code  value  in  the  second  field  is   2,   the  area
inside  the  outline  is  blamked.     If  code  1  or  2  is  used,   the  outline  must  define  a  closed  area;
that  is,   the  first  cool.dinate  pair  must  be  identica.1  to  the  last  pair.

Following  the  first  record  are  the  X-Y  coordinate  pails,   one  pair  to  a  record,   which  define
the  end  points  of  the  line  seginents  of  the  outlined  area.     If  n`ore  than  one  outline  is  to  be
read,   the  first  record  and  the  coordinate  pairs  for  eaLch  succeeding  outline  immediately  follow.

AUXILIARY   CO"ANDS   used   with   'ROUT'LINE:

' ECHO '
' RTXY '

The  coordinates  of  the  digitized  outline  can  be  listed  using   'ECHO'.     The  set  of  coordinates
of  the  outline  rna.y  be  rota.ted,   translated,   and  scaled  to  some  other  coordinate  configuration
using   'RTXY'.

!s:: #::8i: 3:
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'RTXY'   -rotates,   tl.anslates,   and  changes  scale  of  X  and  y  axes.

Field
Nunbel` Parameter  Descri

Rotation  angle   ©,   mea.sured   cloc.kwise   in
degrees   from  the  X  axis.

Scale  factor  for  X  axis.

Scale  factor  for  Y  axis.

Amount  of  translation  of  origin,   in  X
direction.

Amount  of  translation  of  origin,   in  Y
direction.

Assumed
Value

This  command  is  used  to  alter  the  coordinate  axes  of  a  data  set,   to  bring  them  into  coin-
cidence  with  the  axes  of  other  data  sets.      It  is  used  only  in  conjunction  with   'IDXY'   or   'ROUT',
and  can  be  applied  either  to  the  coordinates  of  data  points  or  boundaries.

First,   the  data  set  is  rotated,   then  the  X  and  Y  scales  are  adjusted,   and  finally  the
origin  i:s  inoved.     Therefore,   the  amount  of  translation  should  be  given  in  units  of  the  new
scale.
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'SAVE'   -    stores  the  contents  of  a  grid  matrix  on  a  file.

Field                                                                                                                                                                                        Assured
Number                                                                    Parameter  Description                                                                    Value

I                                                     Code  for  the  file  on  which  the  matrix  will                                   Required
be  saved.I

Once  a  SURFACE   11  matrix  has  been  crea.ted,   it  may  be  written  onto  a  disc  or  tape  file  and
saved,   either  permanently  or  temporarily,   for  future  use.    The  matrix  is  saved  after  all  altera-
tions    (such   as    'RANG'E,    'SCAL'E,    'MLEV'EL,    'FILT'ER,    'DERI'VATIVE,    'ISOP'ACH)   have   been  performed.
If  a  matrix  is  to  be  sa.ved  before  modifications,   a   'PERF'ORM  statement   should  be  included  between
the   'SAVE'   command  and  the  matrix  modification  comands.     Refer  to  the   'PERF'ORM  comma.nd  for  fur-
ther  explanation.

The  first  record  written  on  the  file  by  the   'SAVE'   command  is  a  header  containing  three
fields.     The  first  two  fields  specify  the  number  of  colurms  and  the  number  of  rows  in  the  grid
matrix.     The  third  field  contains  a  code  value  which  tells  SURFACE  11  how  to  interpret  the
second  record  on  the  file.     If  the  va.1ue  in  this  field  is  1,   the  second  record  written  on  the
file  contains  additional  information  about  the  grid  matrix,   including  the  number  of  collrms,

¥:;::::?ri:ii:::#::iu:;::f;e!::F::::::i:g;:1:::::::::::;:::i:::::n::::;;t::;:;X::::;;;i:'
for.  future  use.     The  grid  itself  will  be  stored  in  the  third  and  succeeding  records,  one  row  to
a  logicaLl  record.     If  the  stored  value  in  the  third  field  is  0,   the  second  and  succeeding  records
will  contain  the  grid  matrix.

If  a  lnatrix  is   stored  by  SURFACE   11  under  the  instruction  of  a   'SAVE'   colnmand,   the  third
field  contains  a  I  and  the  appropriate  infomation  is  placed  in  the  second  record.     If  a  matrix
is  to  be  written  by  some  other  program  with  the  intention  of  reading  the  matrix  into  SURFACE   11
by  a   'REST'ORE  comand,   the  third  field  should  contain  a  0.     The  file  should  be  written  using
FORTRAN  unformatted   I/0  routines.     An  exanple  of  a  FORTRAN  program  that  writes  a  file  in  the
'SAVE'   fomat  is:

REWIND   IFILE

IZERO  =  0

W3ITE   (IFlu)   NCOLS,   NROWS,    IZERO

cO   loo   I   =   I,   NROwS

wl3ITE   (IFILE)    (A(I,J),   J  =   1,   NCOLS)

loo  CONTINUE

Lsee  Appendix  C.
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Field
Number Parameter  Descri

Type  of  opera.tion  to  be  performed.     See
table  below  for  codes.

A  consta,nt  to  be  added  to  each  element  in
the  grid  matrix  before  the  operation
requested  by  paralneter  one  is  pel.formed.

A  constant  to  be  used  in  the  arithmetic
operation.     If  the  operation  to  be  per-

f£F::w±:i:::#n:;1::i:fp2:aneter  defines

A  constant  to  be  used  in  the  arithmatic
opel.ation.     If  the  operation  to  be  per-

::F::w±:a::::n:;1::i:fp2=ameter  defines

Assured
Va.|ue

Varies,
see  text.

The  operations  which  na.y  be  performed  using   'SCAL'E  are  outlined  in  the  table  below,   a.nd
a.re  selected  by  the  first  paraneter.     In  all  options,   the  value  specified  in  parameter  two  is
added  to  every  element  in  the  grid  matrix.     One  purpose  for  this  addition  is  to  insul.e  that
aLll  elements  are  non-negative  if  a  square  root  operation  is  to  be  perfol.ned,  or  that  all  ele-
Inents  are  greater  than  0  if  the  log  of  each  element  is  to  be  ca.1culated.     If  pa.rameter  one  is
1,   2,   or  3,   the  assumed  value  of  parameter  four  is  the  minimum  I.ange  o£  X  and  Y.     If  paraneter
one   is  4,   5,   or  6,   then  the  assumed  value  of  parameter  four  becomes  0.

Operations  which  can  be  performed  on  elements
of  the  grid  matrix  using  the   'SCAL'E  colunand.

(cont . )

C,r

Code  value  of
pa.rameter  one QperaLtion

linear  sea.ling

square  root  scaling

Action  perfomed  on  each  i_  _  element

(Zc,r  +  PaLrameter  two)   is   scaled  to  the  ra.nge
of  parameter  three  to  parameter  four   (see
Fig.    141)

(\/i;:Tr  +  parameter  two)   is  scaled  to  the
range  of  parameter  three  to  parameter  four

(see   Fig.    142)
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Code  value  of
parameter  one

3

Operation

logarithmic  scaling

addition  and/or  multiplica-
tion  of  elements,  without
scaling

square  root  transformation
without  scaling

logarithmic  transformation
without  scaling

Action  performed  on  each  Zc,r  element

L08]o   (Zc,I  +  Parameter  two)   is   scaled  to  the

ra.nge  of  parameter  thl`ee  to  paraneter  four

(see   Fig.    143)

Zc,r  is  replaced  by  the  Value  of   [(2c,r  +

parameter  two)   *  parameter  three  +  parameter
four]    (see   Fig.   144)

Zc,r  is  replaced  by  the  value  of  [\/ZZ;:=T
parameter  two *  parameter  three  +  parameter

four]    (see   Fig.   145)

Zc,I  is  replaced  by  the  va.Iue  of  log[o

I(2c,I  +  PaLrameter  two)   *  parameter  three]
+  parameter  four   (see  Fig.   146)

Figure  141. --Contour  map  of  subsurface  structure
in  part  of  Grahan  Co. ,   Kansas,   scaled  linearly
to  the  range  0-loo.     Original  surface  is   shown
in   Figure   101.      Pat.aneters  of   'SCAI,'E  aLre   1,
1400'    0'    loo.
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linear  rescaling  of  the  square  root  transfor-
nation  shown  in  Figure  145.     Parameters  of
'SCAL'E   are   2,    1400,    0,    100.

Figure  143.--Contour  map  transfomed  and  scaled

::1:::  :::arw=:#:  :get::n::s8_:3%. of+:£3r±s
equivalent  to  a  linear  rescaling  of  the  log
transformation  shown  in  Figure  146.     Param-
eters  of   'SCAL'E  are   3,   1400,   0,   loo.
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Figure   144.--Contour  map  adjusted  upward  by  the
constant  1400  which  has  been  added  to  all   grid
values  to  raise  them  to  values  greater  than
zero.      Paraneters  of   'SCAL'E  are  4,   1400,   1,   0.

E46e
Figure   145.--Square  root  transforma.tion  of  map

shoim  in   Figure   144.      Parameters  of   'SCAL'E
are   5,   1400,    1,   0.



Figure  146. --Base-ten  logarithmic  transformation
of  map  sho`m  in  Figure  144.     Parameters  of
'SCAL'E   are   6,    1400,    1,    0.





Field
Number Parameter  Descri

If  0,   the  map  size  will  be  specified  as  the
number  of  units  per  inch.

If  1,   the  map  size  will  be  specified  in
inches .

Length  of  plot  in  X-direction.

Length  of  plot  in  Y-direction.

Assured
Value

I  unit  per.
inch  or
12  indies

Va.liable,
at  the  same

scale  as  the
X-direction

When  parameter  one  is  set  to  1,   the  physical  size  of  the  plot  in  inches  is  given  by
parameters  two  and  three.     The  scale  factor   (number  of  units  per  inch)   is  autoinatically  calcula-
ted  by  SURFACE   11.     When  pal.ameter  one  is  0,   the  value  of  pa.I.ameter  two  is  the  scale  factor   (num-
ber  of  units  per  inch)   in  the  X-direction  and  parameter  three  is  the  scale  factor  in  the  Y-
direction.     The  physical   size  of  the  map  in  inches   is  calculated  by  SURFACE   11.     The  finished
map  will   be   (Xnax  -Xm±n)/(parameter  two)   inches   long  in  the  X-direction  by   (Ymax  -Ymin)/

(paraneter  three)   inches  long  in  the  Y-direction.

If  the  third  parameter  is  omitted,   the  scale  factor  in  the  Y-direction  is  assumed  to  be
the  same  as  the  scale  factor  in  the  X-dil`ection.     The  physical  size  of  the  plot  in  the  Y-
direction  will  be  Calculated  as   (Ymax  -Y]n±n)/(number  of  units  per  inch  in  X-direction).     Mini-

mum  and  lnaximun  values   of  X  and  Y  are  defined  by   'BXEX'TREMES,   and  are   in  map  units   such  as
"miles,"  "kilometers,"  or  whatever  units  are  used  in  the  X-Y  coordinate  system.
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'SIZE'LEVATEI)   -determines   the  physical   size  of  a  perspective  block  diagram  with

elevated  contour  lines.

F ield                                                                                                                                                                                                                Assumed
Number                                                                     Parameter  Description                                                                         Value

I                                                                    Maximurn   size  of  plot,   in   inches                                                                  12

The  size  specified  in  the  paraneter  is  the  length  of  the  block  diagram  in  its   longest
direction.     SURFACE   11   scales   the  other  dimensions   to   agree  with  the   size  given.     This   Com-
mand  is   identical   in  operation  to   'SIZT'RANSECT;     refer  to  Figures   147  and   148  under  that
coirmand .
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'SIZP'CONTOUR   -     specifies  the  physical  size  of  a  contour  map  or  posting  created  on  the

line  printer.

Paraneter  Descri

If  0,   the  map  size  will  be  specified  as
the  number  of  units  per  inch.

If  1,   the  map  size  will  be  specified  in
inches .

Length  of  plot   in  X-direction.

Length  of  plot  in  Y-direction.

Number  of  characters  per  inch  across
Page .

Number  of  lines  per  inch  down  page.

When  parameter  one  is
paLrallleters  two  and  three.
Iated  by  SIRFACE   11.      When
(number  of  units  per  inch)

Assured
Value

I  unit  per
inch  ol`
12  inEEes

Variable,
at  the  sane

scale  as  the
X-direction

10

set  to  I,   the  physical  size  of  the  plot  in  inches  is  given  by
The  scale  factor   (number  of  units  per  inch)   is  automatically  calcu-
parameter  one  is  0,   the  value  of  parameter  two  is  the  scale  factor
in  the  X-direction  and  parameter  three  is  the  scaile  factor  in  the

Y-dil.ection.     The  physical  size  of  the  map  in  inches  is   calculated  by  SURFACE   11.     The  finished.            ____   .-____..-v„  -I.-raiali...t;i`   |III-ee  ls  Tne   Scaile   factor   in  the

nap  Will  be   (Xmax  -Xrin)/(Palraneter  two)   inches   long  in  the  X-direction  by   (Ymex  -Yminv

(parameter  three)   inches  long  in  the  Y-direction.

If  the  third  parameter  is  omitted,  the  scale  factor  in  the  Y-direction  is  assumed  to  be
the  sane  as  the  scale  factor  in  the  X-direction.     The  physicaLl  size  of  the  plot  in  the  Y-
direction  will  1)e  calculated  as   (Ymax  -Ym±n)/(number  of  units  per  inch  in  X-direction).     Mini-

mum  and  rna.ximun  values   of  X  aLnd  Y  aLre  defined  by   'EXTR'EMES   at   the  time  the  grid  matrix  is
generated,   and  are  in  map  units  such  as  "miles,"  "kilometers,"  or  whatever  units  are  used  in
the  X-Y  coordinate  system.

If  the  specified  size  of  a  printed  contour  map  is  wider  than  the  output  form,   the  map  will
Oe  printed  in  strips  which  my  be  spliced  together  to  fom  the  complete  map.     Generally,   the
size  of  a  printed  map  must  be  much  larger  than  that  of  an  equivalent  plotted  map  to  display  the
Same  degree  of  detail.     This  is  necessa.ry  because  aLny  surface  featul.es  smaller  than  the  size  of
a  print  position  will  be  omitted  from  a  printed  map.
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'SIZT'RANSECT   -     determines  the  physical   size  of  a  perspective  block  diagl`am.

The  size  specified  in  the  parameter  is  the  length  of  the  block  diagram  in  its   longest
dil.ection.      SURFACE   11   scales   the   c)ther  dimensions   to  agree  with  the   size   given.

Figure   147.--The  horizontal  dimension  is   specified
by   'SIZT'RiINSECT  for  a  block  which  is  wider  than
it  is  tall.

Figure  148. --The  vertical  dimension  is  specified
by   'SIZT'RANSECT  for  a  block  which   is   taller
than  it  is  wide.
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'STER'EO   -     plots  a  tllock  diagraLm  in  the  form  of  stereoscopic  pairs.     The  viewing  position

for  the  block  diagram,   as  detemined  by  the   'AZIM'UTH  conmand,   is  offset  to
produce  a  paLir  of  plots  col.I.esponding  to  views  of  the  surface  as  seen  by  each
of  the  observer's  eyes.

Parameter  Descri

Viewing  angle,   in  degrees,   between  the
block  diagrams.

I)etemines  the  placement  of  the  two  block
diagrams .
If  0,   two  separate  blocks  are  draun.
If  1,   the  blocks  are  drawn  on  top  of  ea.ch

other.     By  changing  the  color  of  ink,
a  three-dimensional  anaglyph  may  be
created  for  viewing  with  two-color
glasses .

The  number  of  inches  from  the  center  of
one  block  diagram  to  the  center  of  the
second  block  diagram.     This  option  is
used  only  when  parameter  two  is  0.

Assured
Value

Maxirm  size
Of  plot   (set
by   'SIZT'RAN-

SECT)

The   'STER'E0   coirmaind   is   used   in   conjunction  with   the   'TRAN'SECT  or   'ECON'TOUR   counand   to
produce  a  stereoscopic  pair  of  block  diagl.ams.     All   the  commands   that  are  used  with   'TRAN'SECT
or   'ECON'TOUR  to   control   viewing  position   ('AZ"'UTH,    'ELEV'ATI0N,    'DIST'ANCEL   size   ('SIZT'-
RANSECT,    'SIZE'LEVATED),   and  number  of  lines   ('LINE'S)   are  also  used  to  plot   a   stereoscopic  pair.

Parameter  one  controls  stereoscopic  exaggeration,  or  the  degree  of  the  thl`ee-dimensional
effect.     PaLrameter  two  controls  the  type  of  stet.eoscopic  diagram  to  be  produced.     When  para-
mete?  two  is  0,   the  plot  consists  of  two  offset  blackline  images  to  be  viewed  through  a  lens
Or  nlrror   Stereoscope.      Plots   shrirm   in   Fin.t.a-liih  --I   .I-^____   _._..`+.,,~   +,,mgc3   iu   i]e  viewea   through  aur  IIIirror  stereoscope.     Plots  shorn  in  Figures  149  and  150  are  examples  of  stereoscopic
to  be  viewed  with  a  standaird  pocket  stereoscope.      (A  pocket  stereoscope  has   lenses  24
apart  and  can  aLccept  images  up  to  2  inches  in  size.     Note  tha.t  these  illustrations  were
two  times  final  size  and  photographically  reduced.     If  the  plots  had  been  made  at  final
the  lines  would  have  been  excessively  heavy.)

Figure  149.--Perspective  block  diagraLln  of  sub-
surface  geologic  structure  in  paLI.t  of  Grahan
Co. ,   Kansas,   plotted  aLs  a  stereo  pa.ir   for
viewing  with  a  pocket  stereoscope.     Viewing
distance  is   loo  rna.trix  units.

Pairs
inches
drawn
size,
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Figure  150.--Perspective  block  diagran  plotted  as
seen  from  a  viewing  distance  of  only  20  matrix
units.     Exaggerated  convergence  heightens  the
three-dimensional   effect.

Figure  151   is  an  anaglyph,   or  stereo  pair,  plotted  in  two  colors  for  viewing  through  two-
color  glasses.     Anaglyphic  glasses  have  a  green  right   lens  and  a  red  left   lens.     The  plotting
sequence  involves  changing  colors  if  a  single-I)en  plotter  is  used.     First,   the  left  block  is
drarm  with  green  ink.     Then,   the  right  block  is  drawn  with  red  ink.     On  the  finished  plot,   the
title   (including  the  check  +  )   should  be   lettered  in  green  and  the  check  X  should  be  drawn  in
red.

FiguI.e   151. --Perspective  block  diagram  plotted  a.s
an  anaglyph  for  viewing  through  red  aLnd  green
glasses.     View  corresponds  to  Figure   149,   but
there  is  no  restriction  on  the  physical  size  of
the  plot.

PaLrameter  three  is  used  to  specify  the  sepairation  between  the  viewing   lenses  of  the  stereo-
scope  to  be  used.     The  maximum  size  of  the  plots   as   specified  by   'SIZT'RANSECT  should  be  no
larger  than  the  separation  distance.     Mirror  stereoscopes  may  have  lens  separations  of  10  inches
or  more;   pocket   stel.eoscopes  are   limited  to  a  maximum  separation  of  2.4   inches.      Because  ana-
91yphic  ima.ges  are  "separated"  by  color  filtering  and  are  not  physically  separated,   they  may  be
I)1otted  at  any  size.
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The   commands  used  to  produce   Figures   149-151   are:

Read   in
data'
grid,

and  plot
ana8lyph

(Fig.    151)

Plot
Figure   149

Plot
Figure  150

TITLE                        STEREO   TEST   FOR   SURFACE   MANUAL
DEVICE                     I , ' DAVIsl

€R%                        3:8:!}6?£2'3J4.]io.1.9999,'(F6.o,2Fi2.5,F7.o),
EXTREMES               0,10, 0,6
lTIANSECT              0 , 20 , 0
STEREO                   4 ,1
LINES                      I,40,24
SIZTRANSECT      6
DI STANCE              loo
ELEVATI 0N           30
Azl Mum              2 5
PERFORM
TRANSECT              0,20, o
STEREO                    4,0,4. 8
SIZTRANSECT     4
PERFORM
TRANSECT              0,20, 0
STEREO                    4, 0,4. 8
DISTANCE               20
PERFORM
STOP





NO  PARETERS





has  been  satis-
procedure  nor

separate   'SUBS'ET'  fails ¥ of

Each  sample  read  by  'IDXY'   is  examined  to  see  if  the  specified  condition
fled.     If  not,   the  daLta  point  is  ignored  and  will  not  be  used  in  the  gridding
will  it  appear  in  a  posting.     If  more  than  one  condition  is  to  be  checked,   a
comand  must  be  included  to  define  each  condition.     If  a  sample  read  by   'II)XY
the  Conditions,   it  will  be  rejected.     Conditions  which  can  be  specified  ara   I
+oL1^     L_,  ___table  below.    -'   --..-----  1-J--.t;u.     ``L'.'uJ-LJ.°ns  Wnlctl  Can  be  specified  are   listed  iniH|e

As  an  example.   suppose  all  data  points  on  the  input  file  whose  Z-values
or  greater  than  1000  are  to  be  deleted.     Data  points  whose  X-coordinaLtes  are
are  to  be  deleted  as  well.     The  following  SURFACE   11   comands  would  accept  up
I)oints  satisfying  the  above  conditions:

are  less  than  0
less  than  -loo
to   100  data

IDXY             100,11,4,2,3,4,l„,,(Flo.0,3F15.4)
SIBSET       4,1,o,|ooo
SIDSET       2,6,-loo
PERFORM

The   'II)XY'   coimaLnd  specifies   thait  X  is   in  the  second  field  of  each  record  and  Z  is  in  the
fourth  field.     The  first   'SUBS'ET  conrmaLnd  checks  the  condition  that  the  fourth  field   (Z)   of
the  record  has  a  value  ranging  from  0  to  1000;   the  second   'SUBS'ET  comand  checks  that  the
second  field   (X)   is  not   less  than  -loo.     If  either  check  fails,   that  record  is  excluded  from
the  set  of  saxple  data  points  stol.ed  in  memory.

Conditions  which  can  be  specified  for  selection  of  data  points
using   the   'SUBS'ET  comand.

Code  va.Iue of  paraneter  two

The  variable  must

Condition

lie  between  the  values  of  parameter_ _ _ _     ---- _ ---.    r`^\ \*+,,,\, ,\, L
three  and  parameter  four.     Note  thait  pa.raneter  three
n`ust  be  less  than  parameter  four.

The  variable  must  not  lie  between  the  values  of  par.a-
meter  three  and  parameter  four.
The  val.iable  ilrust  be   less  than  paraLmeter  three.

The  variable  must  be  less  than  or  equal  to  parameter
three .

(cont . )



Code  value  of  I)arameter  two

5

6

7

8
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Condition

The  variable  lunst  be  greater  than  parameter  three.
The  variable  must  be  greater  than  or  equal  to  para-
meter  three.
The  va.riable  must  be  equal  to  paraneter  three.
The  variable  must  not  be  equal  to  paI`ameter  three.
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'T|TL'E  -     accepts  a  60-character  alphanumeric  phrase  which  is  used  to  label  the  printed
output  and  any  plots  that  are  produced  by  SURFACE   11.

The  phrase  appearing  with  the   'TITL'E  command  is  pl.inted  on  the  top  line  of  each  page  of
printed  output  and  at  the  left  of  each  plot  generated  by  SURFACE  11.     The  heading  may  be  changed
between   each   ' PERF' ORM  command.

The  title  draLun  on  a  plot  also  includes  a  check  of  the  accuracy  of  the  plotted  illustration.
The  check  collsists  of  a  cross  which  is  draun  at  the  origin  of  the  plotting  area.     After  comple-
tion  of  a.  plot,   the  pen  will  return  to  the  ol.igin  and  draw  an  X.     The  +  and  X  intersect  at  the
sane  point,   as  in   (a),   below.     If  they  are  offset,   as  in   (b),   an  error  ha.s  been  made  in  plotting,
perhaps  by  failure  of  the  plotter  to  correctly  read  the  plot  tape.

EE                                 ELH

(a) (b)
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'TRAN'SECT   -    creates  a  perspective  block  diagran   (sonetimes  called  a  transect  or  fishnet
plot)   of  the  grid  matrix.

Field
Number Parameter  Descri

If  0,   the  block  diagram  will  have  a  base.
If  I,   only  the  surface  will  be  displayed

as   in  Figure   152.
If  2,  vertical  grid  lines  will  not  be  drawn

on  base.

Percent  of  range  in  X-  or  Y-direction
(whichever  is  greater)   into  which  the
range  of  Z  will  be  sea.led.
If  0,  no  scaling  is  done.

Determines  the  directions  of  lines  across
the  surface.
If  0,   lines  are  drawn  aLcross  the  surface

parallel  to  both  X  and  Y  axes.
If  I,   lines  are  drawn  parallel  to  the

X-axis  only.
If  2,   lines  are  drawri  parallel  to  the

Y-axis  only.
If  3,   lines  are  draVIi  perpendicular  to

the  line`of  sight  between  the
observer  and  the  block  diagram.

Y  axes  with  respect   to  eac.h

unit  in  X  equals  one  unit  in  Y.
scaled  to  a  percentage  of  the

range  of  X.
If  2,   X  is  scaled  to  a  percentage  of  the

range  of  y.

Percent  scaling  to  be  used  if  parameter
four  is   I  or  2.

Check  to  determine  if  specified  size  of
plot  is  reasonable.
1£  0,   check  will   be  made.
If  1,   no  check  will  be  made.

509=o

Figure  152  shows  a  surface  drawn  as  aL  perspective  block  diagran  without  a  base,  by  setting
para!neter  one  to  I.     Other  illustrations  were  prepared  with  this  parameter  set  to  0.

The  shape  of  a  block  diagra]n  is  determined  by  the  relative  length,  width,   and  range  of
heights  of  the  surface.     The  range  of  the  sul.face  in  the  i-direction  is  the  difference  between
the  smallest  and  largest  values  in  the  grid  matrix.     If  the  numerical  range  of  i  is  much  larger

::;:::I;:?ra::g:::1;I:3:ia:::n::::::;:;::¥d:i:I:;::::e:§r!g::::£i;::::;;t:::t:i::::i:;S;:e:.,_
SECT  allows  scaling  without  altering  the  original  values  in  the  grid  matrix.     Parameter  two  of
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*§_-i_-i_-i_=.--=.:.=----I.---_.--I-_--_

t'_.---_--_--_--i
Tis,*J

Figure   152. --Diagram  showing  subsurface  geologic
structure  in  part  of  Graham  Co. ,   Kansas,  drawn
in  perspective  without  a  base.

'TRAN'SECT  specifies  degrees  of  scaling  as  a  percent  of  the  X-or  Y-ra.nge;   a  va,1ue  of  40  to  60%
usually  produces  aL  block  diagram  which  has  acceptable  proportions.     If  too  much  scaling  is
specified,   low  features  on  the  surface  may  be  lost.     If  the  vertical  range  is  specified  as  aL

:;:8:h::r:e::::£ ::ag:h::i#n:::hs:::;in:urd:a;:e:e::uns::1::g :EP2:r  exaggerated.    FiguI.es  153-

Parameter  three  controls  how  lines  will  be  drawn  across  the  surface  of  the  block.     Figures
157-160  illustrate  the  four  options.

Paraneters  four  and  five  can  severely  affect  the  appearance  of  a  transect  plot.     In  Figure
161,   parameter  four  was   set  to  I   and  paraLmeter  five  to  20.     This   scales  the  Y-axis  to  20%  of
the  X-axis.     In  Figure  162,  parameter  four  has  been  set  to  2  and  pal.ameter  five  to  50,   scaling
the  X-axis  to  50%  of  the  Y-axis.

AUXILIARY   COMMANDS   used   with    'TRAN'SECT:

I AZ IM ' UTH
I D I ST ' ANCE
' E LEV ' AT I 0N
' LINE ' S
' S I ZT I RANSECT
I STER ' E0

The   'SIZT'RANSECT  command  determines  the  physical   size  of  the  finished  plot   in  inches.
The  length,   widtl`,   and  height  of  the  surface  are  scaLled  to  the  dimensions  defined  by   'SIZT'-
RANSECT  when  the  plotting  instructions  are  genera.ted.     The  matrix  is  not  affected  by  this
command .

'LINE'S  defines  the  number  of  lines  that  will  appear  on  the  block  to  repl.esent  the  sur-
face.     It  has  no  effect  on  the  size  or  shape  of  the  plot.

The   'SIZT'RANSECT  and   'LINE'S  coimands  control   the  appearance  of  a  perspective  block  dia-
grain.     If  the  assured  values  of  their  parameters  are  not  appropriate  for  displaying  a  specific
matrix,   they  should  appear  with  the   'TRAN'SECT  command.     Other  commands  used  in  conjunction  with
'TRAN'SECT   a.re   'DIST'ANCE,    'AZIM'UTH,   and   'ELEV'ATION.      These  determine   the   observer's   point   of

view  with  respect  to  the  block  diagram  and  control  the  perspective  effect.      'STER'EO  specifies
that  the  block  diagram  will  be  drawn  as  aL  stereo  paLir.



Ir'r'
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Figure  159.--Block  diagram  drawn  with  lines  paral-
lei  to  the  Y-axis  only.     Parameter  three  is  set
to2.

This   option  of   'TRAN'SECT   is  not   implemented
in  the   initial   release  of  SURFACE   11.

Figure   160.--Block  diagran  draun  with  lines  per-
pendicular  to  the  line  of  sight  from  the
observer  to  the  block.     Parameter  three  is
set  to  3.
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Figure   161.--Block  diagran  drawn  with  values
of  the  Y-axis  scaled  to  20%  of  the  scale
of  the  X-axis.

Figure  162. --Block  diagram  draun  with  values
of  the  X-axis  scaled  to  50%  of  the  scale
of  the  Y-axis.



'TREN'D   -   generates  a  matrix  of  estimated  surface  values  by  evaluating  a  trend  surface  or
two-dimensional  polynomial  regression  fitted  to  coordinates  of  the  sample  data
points .

Field
Number Parameter  Descri

Method  of  determining  the  grid  size.
If  0,   the  number  of  columns  and  rows   in

the  grid  matrix  will  be  specified.
If  I,   the  nunbel.  of  columns  and  rows  in

the  grid  matrix  will  be  calculated.
The  distance  desired  between  columns
and  rows  must  be  given.

Either  the  number  of  columns  in  the  grid
matrix,   or  the  distance  between  columns;
the  interpretation  depends  on  paraneter
two.

Either  the  number  of  rows  in  the  grid
matrix,   or  the  distance  between  I`ows;
the  inteE5i`etation  depends  on  |]araneter
two.

Degree  of  the  regression  equation.

Determines  which  values  will  be  stored
in  the  grid  matrix.   ^
If  0,   the  estimated  Z-value  of  the  regres-

sion  equation  will  be  evaluated  at
each  grid  intersection  and  stored

|f  1,  ::et::t:=:e:az:::iue  of the  regres-
sion  equation  at  each  grid  inter-
section  will  be  subtracted  from  the
original  value  of  the  grid  matrix
at  each  grid  intersection.     The  dif-
ference  or  residual  will  be  stored
in  the  grid  matrix  as  a  new  value  of
Z.

If  0,   retain  sample  data  in  memory.
If  I,   replace  the  Z  values  with  the  residuals.
1£  2,   delete  the  sample  data  from  memory.

Determines  allowable  range  of  trend  surface.
Limits  to  trend  surface  are  range  of  original
Z-values  ±  specified  percentage  of  original
range .

If  0,   trend  surface  residuals  aI.e  not  listed.
If  I,  trend  surface  residuals  are  listed.

Class  interval  width  of  histograin  of  residuals.

Assumed
Value

2:I, l \

2.5 I 1

Original  range
±50%

0

VariabieL

LThe  range  of  values  is  divided  into  25  categories  whose  boundaries  are  adjusted  to
rational  limits.
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A  polynomial  regression  of  Z  on  the  powers  and  cross-products  of  X  and  Y  is  fitted  by
least  squares.     The  regression  or  trend  surface  equation  is  evaluated  for  values  of  X  and  Y
that  corl.espond  to  grid  intersections  in  the  Z  matrix.

The  user  may  define  the  size   (i.e.,   the  number  of
different  ways.     By  setting  I)arameter  one  to  0,   he  may

rows   in  the  rna.trix.     The  distance  between  columns   is

rows  is
Ymax   -   Ymin

NR-1

columns   and  rows)   of  the  matrix  in  two
specify  the  exact  number  of  columns  and

Xmax   -   Xmin

NC-I
and  the  distance  between

•   Where   Xmin.   Xmax.   Ymin,   and  Ymax   are   determined  by   'EXTR'EMES,   and  NC

and  NR  are  specified  by  parameters  two  and  three.

When  parameter  one  is  set  to  I,   the  user  specifies  the  distance  between  columns  and  I.ows,
and  NC  and  NR  are  calculated  by  dividing  these  distances   into  the  ranges  of  X  a.nd  Y  as   speci-
fied  by   'EXTR'EMES.      If  there  is  any  remainder,   the  ranges  of  the  X  and  Y  variables  are  expanded
so  the  distances  between  all  rows  and  colurms  are  unifom.     For  example,   if

Xmin=     I          Ymin=     I          Parameterone=3

Xmax=25          Ymax=20          Parametertwo=3

the  number  of  colums  in  the  matrix  is
25-1

3

20-1
3

+1=9

+   I   =   7   1/3

and  the  number  of  rows  in  the  matrix  is

To  eliminaLte  fractions,   the  number  of  rows  is  set  to  8,  and  the  value  of  Ymax  is  automatically
changed  to   22.

The  user  may  store  the  trend  surface  values  at  each  grid  intersection  in  the  grid  matrix,
or  he  may  subtra.ct  the  trend  value  from  a  previously  defined  grid  matrix  to  form  a  difference
or  residual  matrix.     This  option  is  controlled  by  parameter  five.     If  parameter  five  is  set  to
1,   the   size   (number  of  columns  and  rows)   of  the  matrix  specified  in  the   'TREN'D  command  must  be
identical  to  the  previously  defined  grid  matrix.     Parameter  six  subtracts  trend  surface  values
from  sample  data.  points.     The  Z  values  which  were  read  in  by   'IDXY'   are  replaced  with  the  dif-
ferences  or  tl.end  residua,1s.     Postings  of  the  residual  values  may  then  be  made.

Figure  163  is  a  linear  (first  degree)   trend  surface  fitted  to  subsea  elevations  of  the  top
of  the  Lansing  Group  in  part  of  Graham  County,   Kansas.     The  surfa.ce  has  the  form  of  a  gently
dipping  plane   (Fig.164).     A  third  degree  surface  fitted  to  the  same  data  has  the  form  sho`im  in
Figures   165  and  166.     Residuals  from  the  third  degree  surface  are  shown  in  Figures   167  and   168.

The  printed  out|)ut  produced  by   'TREN'D  includes  a  statistical  analysis  of  the  regression,
including  goodness-of-fit  measures,   information  essential  for  analyses  of  variance,  and  the
solution  to  the  specified  degree  of  regression.     The  Bi  coefficients  of  the  regression  equation
are  listed  by  rows.     The  arrangement  of  coefficients  in  the  listing,  through  the  sixth  order,
is:

8o   +   B]X   +   82Y

1st

8 TX2   +  8 4X;X  +  8 Ey.y2
2nd

8grx3+87x2y+8gri:x2+Bgry3
3rd
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B[ox4   +   B]]x3Y   +   B]2X2Y2   +   B[3XY3   +   B[4Y4

4th

L5X5   +    B]6X4Y   +    B]7X3Y2    +   BLBX2Y3   +    B]9XY4   +   82oY5
B-_X_    +

5th

TX!=:]±_Y  + 82:3XAY2  + 82ifx3Y3   + 82:5X2YA   + 82/i ixw5   + 82:IA
6th

The   SURFACE   11   commands  which  produced   the  maps   in  Figures   165  and   167   are   listed  below:

Read
XYZ   data,

calculate
and  plot

trend  surface
(Fig.    165)

Plot  trend
residual

(Fig.    167)

TITLE
DEVICE
IDXY
EXTREMES
TREND
CONIDUR
CINTERVAL
SIZCONTOUR
BOX
PERFC"
GRID
IREND
CONTOUR
PERFORM
STOP

TREND   TEST   FOR   SURFACE   MANUAL
1,  , DAVIS ,
200,11, 4 , 2 , 3 , 4 ,1, 0, I ,9999,  '  (F6 . 0, 2F12 . 5 ,F7 . 0) '
0,10,0,6
3'1,0.2'0.2,0,0

0, 0,10, 0,5,0. I ,O,2. 0,S
I,6,3.6
1,2,1,2,0,0,0,1,0.1

I,0.2,0.2
3'1,0.2,0.2,1'0

Figure  163.--Linear  trend  surface  of  the  top  of
the  Pennsylvanian  I.ansing  Group  in  part  of
Graham  Co.,   Kansas.     Contours  are  in  feet
below  sea  level.
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Figure  164.--Block  diagran  of  the  trend  surface
shown  in  Figure  163,   showing  the  gentle  dip  of
this  surface.

Figure  165. --Third  degree  trend  surface  of  the
same  area  aLs  Figure   163.
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'VRAD'|US   -     Speclfles  that   sample  data  points  to  be  used  to  estimate  an  element   in  the

grid  matrix  be  found  by  a  search  of  a  circular  area  of  specified  size  around
that  element.     A  radius  search  finds  all  points  within  a  specified  distance
of  the  element   to  be  estimated.

Parameter Descri

Use  of  the  search  procedure.
1£  1,   use  a  variable  I.adius  search  in

Phase   I   o£   'GRID'.
If  2,   use  a  variable  radius  sea.rch  in

Phase   2   of   'GRID'.
If  3,   use  a  variable  ra.dius  search  in

' DMAP '  .

Minimum  number  of  points   which  must   be
found  for  a  successful   search.

¥nar:#rs:=:£rp::c::::::  to  be  retained

Initiail  radius  of  seal.ch,   in  units  of
X   and   Y.

MaLximun  radius  of  search,   in  units  of
X   and   Y.

Number  of  increments  in  expansion  from
minimum  to  maximum   search  radius.

Assured
Value

I   I/2  x
(parameter  2)

variable]

Variab|e2

nunbe:S:: ::I:::  :;:::;i::C:;S;:¥a::t::C::::  a.n  area  that  Win  contain,  on  the  average,  the

radius

where  A  = total  rna
points x  parameter  two

2Set  to  the  radius  necessary  to  enclose  an  area  that  will  contain,   on  the  average,   five
times  the  number  of  points  specified  by  parameter  three.

radius

where  A  = total  rna
total  number points x   (pa.rameter  three  x  5)
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The  search  perfol.ned  by   'VRAD'IUS  is  an  iterative  process   (Fig.169).     First,   all  data
points  are  found  whose  distance  from  the  grid  intersection  is   less  than  or  equa,I  to  the
initial   search  radius.     If  the  total  number  of  da.ta  points  found  is  greater  than  or  equaLl  to
parameter  two  and  less  than  or  equal  to  parameter  three,  the  data  points  are  retained  and  the
search  procedure  is  successful.

Figure   169.--Search  pattern  used  by   'VRAD' IUS  to
find  the  control  points  within  an  area  around
a  grid  node.

If  more  than  the  maximum  number  of  data  points  specified  in  parameter  three  are  found,
the  points  used  are  selected  from  within  the  area  by  a  nearest-neighbor  procedure.     If  too
few  points  are  found,   the  search  radius  is  expanded  to  a  radius  equal  to  parameter  five  +
(parameter  five  -  paraneter  four)   /  paraneter  six,   and  another  search  is  begun.     This  continues
until   (I)   the  specified  minimum  number  of  points  is  found,   in  which  case  the  search  is  success-
ful,   or   (2)   the  maximum  seal.ch  area  has  been  examined  without  finding  a  sufficient  number  of
points,   in  which  ca.se  the  search  fails  and  the  grid  node  being  evaluated  is  set  to  the  default
or  blank  value.

The  minimum  allowable  value  for  paraneter  two   is  4 .     The  maxilnum  allowable  value  for
paralneter  three  is  48.     The  assumed  values  of  parameters  four  and  five  are  calculated  from
the   size  of  the  map  area,   as  determined  by  the   `EXTR'EMES  coirmand.      Figures   170   and   171   show
examples  of  contour  maps  made  using  different  values  for  the   'VRAD'IUS  command.
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APPENDIX   8

Data   Formats

Formats  must  be  provided  for  many  of  the  data  files  that  are  read  into  or  written  by
SURFACE   11.     When  a  format  is  required   ty  a  command,   the  format   specification  must   be   included
as  a  parameter.     Commands  requiring  a  format  paraTnetel.  include:

IDXY
LEVELS
VATRIX
MOuTPUT
0DXY
ROUTLINE

All   of  these  commands  must  use  a  FORTRAN  format  statement  to  describe  records   in  the  data
file.     The  format   statement,   including  parentheses,   must  be  enclosed   in  single  quotes.     An  ex-
ample   is:

'  (2Flo . 3 ,15 ,lox, F15 . 6)  '

'IDXY',    'LEVE'LS,    'MATR'IX,   and    'ROUT'LINE   require   a   format   paraneter   to   specify  the   form
of  input  data.     If  the  data  a.re  on  cards,   a  fl.ee  format  rna.y  be  specified  by  the  format  parameter
A  free  format  paraneter  consists  of  four  pa.Its  separated  by  comma.s,   and  enclosed  in  single
quotes.     The  first  part   contains  the  word  FREE.     The   second  pal.t   specifies  what   character  will
be  used  to  separate  fields  of  the  input  record.

If  0,   fields  will   be   separated  by  a  comma.
If  1,   fields  will  be  separated  by  one  or

more   spaces.

The  assured  value  of  the  second  part  of  the  free  format  parameter  is  0,   specifying  sepa.ration
by   comma.s.

The  third  part  of  the  free  format  parameter  specifies  the  number  of  columns  to  be  read
from  each  card.

If  0,   read   72   columns.
If   1,   rea.d   80   columns.

The  assiuned  value  of  the  third  part  of  the  free  format  parameter  is   0,   specifying  that  72
columns   will   be   read   frc`m  ea,ch   car.d.

The  fourth  pa.rt  of  the  free  fomat  parameter  specifies  the  number  of  ca,rds   in  each  logi-
cal  record;   one  card  per  record   is  assumed.     An  exa.mple  of  a  free  forma.t  paraneter  is

' FREE , 0' 0,1 '

This   statement  specifies  that  data  will  be  read  in  under  the  free  format  option,   with  data
fields  separated  by  comlTias,   that  72  colums  will  be  read  fran  each  card,   and  that  one  card
will  constitute  a  logical  record.     This  statement  explicitly  gives  the  assumed  values  of  each
part  of  the  parameter;   a.n  equivalent  statement  is  simply

' FREE '

In  this  sta.telnent,   the  unspecified  three  pa,rts  of  the  parameter  will  be  set  automatically  to
their  assumed  values.

The   collrmand   ' IDXY'   rna.y   specify  a  bina.ry  fomat   by  the  parameter   statement

BINARY ,

This  pa.rameter  will  read  a  file  that  wa.s  written  by  a  FORTRAV  unformatted   I/0  routine.     An  ex-
ample  of  an  unformatted   I/0  routine   is   included  with  the   'SAVE'   collunand.
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APPENDIX   C

System  Control   Cards   for   SURFACE   11

In  addition  to  SURFACE   11   command   cards,   system  control   cards
on  a  specific  computer.     These  system  control  cards  are  unique  for
function  is  to  specify  nln  time  and  core  requirements  for  SURFACE
sary  tape  drives  and  file  space.     They  also  identify  the  permanent
system  resides.

are  necessary  to  run  a  job
each  computer  center.     Their

11   and  to  reserve  the  neces-
file   whel`e   the   SURFACE   11

System  instructions  are  subject  to  change  with  updates  in  the  computer's  operational  soft-
ware.     The  current  system  control  card  sequence  appropriate  for  this  specific  installation  aLre
given  on  the  following  inserted  sheets.
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