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FORTRAN  11  Trend-Surfcice  F'rogram  With  Unrestricted  Input

For  the  IBM  1620 Computer

by

Robert  J.  Sampson  and  John  C.   Davis

INTRODUCTION

Three-dimensioncil  geologic  dal.a  are often  conveniently  summarized  and  interpreted  by  reduction  to  a

simple  geometric  shcipe.    A  surface  can  be  fitted  to  the  dafo  by  an  extension  of the  least-squares,  curve-fit-

ting  procedure  used  in  curvilinear  correlation  and  regression  analysis.    The  fitted  surface  is  an  approximation

or  ''trend"  of the  datci,  whereas  deviations  from  the  surfcice  indicate  local  irregulcirifies.    There  are  many

geological  applications  for  this  technique  (see  Merriam  and  Harbaugh,   1964).

The  program  described  here will  produce  trend-surface  and  residual  values of the  general  first-,

second-,  third-,  and  fourth-degree  equcitions.    The  equcitions  used  to  generate  the  surfaces,  correlation

coefficients,  and  related  values  for  each  order  cire  also  printed.

For  a  limited  time,  a  punched  card  deck of this  progrcim  may  be  obtained  from  the  Kansas  Geologiccll

Survey,  University  of  Kansas,   Lawrence,   Kansas,  for  $7.50.

PROGRAM    DESCRIPTloN

This  program  differs  from  previously  published  trend-surface  programs  (Good,   1964;  Harbciugh,   1963;

Mclnf yre,   1963; Whitten,   1963)  in  one  major  aspect.    Data  ore  not  stored  in  a  DIMENSION  array  within  the

computer,  but  are  processed  and  ciccumulcited  as  read  in.    The  program,  therefore,  is  theoretically  ccipable  of

incorporating  an  infinite  number of data  points.    Data  storage  positions  used  in other  programs  clre  used  in-

stead  fo  store  a  larger  matrix,  allowing  surfaces of a  higher  degree  fo  be  calculated  in  a  smaller  computer.

This  program  utilizes  a  15  x  16  matrix  to  generate  the  fourth-degree  (quartic)  equation.    A  modification  of the

program  can  be  made  in which  the  matrix  is  punched  out,  then  used  as  input  in  a  separate  machine  pass  to

solve  the  necessary  equcitions.    The  additional  storage  space  thus  freed  can  be  used  in  an  IBM  1620  for  an

expanded  28  x  29  matrix  that will  produce  fifth-and  sixth-degree  surfciceso    Experiments  hclve  shown,  how-

ever,  that output  accuracy  beyond  four  decimal  plcices  becomes  uncertain  in  this  modification.

This  program  is  designed  for  an  IBM  1620  computer  having  20K  bits  storage,   the  smallest  computer  in

common  use  for  research  in  the  united  Stcites.    Two  machine  passes  are  necessciry,  requiring  about  12  minutes



per  100  data  points on  each  pciss.    Approximcitely  18K  bits of computer  space  are  required  for  storage  of the

program  and  subroutines on  each  pass.    Mcichine  requirements  are  minimal,  consisting  of the  basic  IBM  1620

unit with  automatic  divide  and  indirect  addressing,  a  1622  Card  Read  Punch  or  equivalent,  and  a  modified

PDQ  FORTRAN  compiler.    A 407 accounting  machine or similcir  line  printer  is  used  for  printing  the  output.

No   relocateable  subroutines  are  required  on  the  first  pass.    On  the  second  pass,  three  relocateable

subroutines  are  used.    Two  of these,  SQRT  and  ABS,  clre  incorporated  in  the  PDQ  compiler.    The  third  relocate-

able  subroutine,  called  SGN,  was  added  to  PDQ  from  the  UTO  FORTRAN  compiler  written  by  E.  S.   Lee  and

J.  A.  Field  (IBM  User.s  Group,   No.   2.0.024).    SGN  is  used  to  determine  the  sign  of  correlation  coefficients

so  I.hat  they  may  be  reapplied  to  the  coefficients  after  extracting  the  roots.    If desired,  this  subroutine  may  be

wril.I.en  into  the  progrcim  rather  I.han  being  incorporated  in  the  compiler.    The  subroutine  performs  the  operation

X<O=-1                                               X=0=O                                        X>O=+1

Although  two  machine  pclsses  are  reciuired  for  the  execution  of  this  program,  there  is  no  intermediate

output.    The  matrix generated  on  the  first  pass  is  used  to  solve  the  simultaneous  equations  of  I'he  surfaces  by  a

modification  of the  Gauss-Jordcm  method  (Golden,   1965,  p.  93).    If desired  the  matrix  can  be  punched  out

cifter  completion  of the  first  pciss.    Coefficients  to  the  equations  are  ccirried  over  to  the  second  pc]ss  cind  the

tre nd   and  residual  values  computed.    In  order  to  keep  the  program  as  compact  and  flexible  as  possible,  con-

tour  maps  are  not  printed.    Output  is  in  the  form  of  listings of x,  y,  and  z  coordinates of the  trend-surface  and

residual  values.    Stol.ements  are  also  produced  giving  the  coefficients  of  each  trend-surface  equation,  the  stcindard

deviations of ecich  surface,  the  varicince  explained  and  not  explained  by  the  surface,  coefficient.s of  determina-

tion  and  coefficients of  correlation  (see  appendix).

Data  input  and  operation  procedures  hclve  been  kept  as  simple  as possible.    Input  cards  are  written  in

fixed-form  formal.    This  program  specifies  three  ten-character  fields with  three  decimal  places,  but  I.his  can

be  modified  if desired.    Coordinates  ore  read  x,  y,  and  z,  from  left  to  right on  the  cardso    After  loading  the

PDQ  compiler  and  Part  1  of  the  program,  data  cards  and  commands  are  delivered  to  the  machine  in  the  fol-

lowing  order :

Card   1   -This  ccird  is  a  72-character  title  card  containing   alphanumeric   information  in  columns   I

through  72®    The  last  8  columns  on  the  card  are  reserved  for  unassignable  page  numberso    This  information  will

be  reproduced  at the  head of the output.

Card  2  -This  is  the  first of  any  number  of  cards  containing  the  xyz  coordinates;  x  is punched  in

columns  1   -   10,  y  in  columns  11 -20,  and  z  in  columns  2i  -30.      The  field  specifications  may  be  changed  by



altering  FORMAT  Statement  1000 a    Cords will  be  accepted  and  operated  upon  until  the  last  cord  in  the  reader

stacker  has  been  read.

If the  coefficient  mat.rices  are  not  desired,   SENSE  SWITCH   1   should  be  on.     Otherwise,   the  matrices

will  be  punched  at  the  completion  of  computations.

Following  completion  of  Part   1,  the  computer will  type  the  statement,   LOAD  NEXT  PASS  BY  PuSHING

RESET  AND   LOAD,   cind  return  to  manual  mode.    Part  2  of  the  program  is  then  loaded,   followed  by  the  xyz

data  cards.    The  hecider  card  is  not  re-run.     Pushing  RESET  cind  LOAD  will  restore  the  machine  fo  automatic

mode  and  the  remainder  of the  program  will  be  processedo    The  program  was  tested  using  Good's  sample  input

data  giving  tops  of  the  Arbuckle  Group  in  Kansas  (Good,   1964,  p.   35).    The  program  processes    200  datcl

points  in  45  minutes  machine  time  and  produces  results  comparable  to  those  of  Good.

Each  printer  output  sheet  begins  with  the  statement  from  the  header  card,  and  a  page  number.    A

minus  in  the  80fh  column  of the  header  ccird  directs  the  printer  to  skip  to  a  new  page.    All  relciled  output  is

printed  sequenticilly  on  numbered  pages.    The  coefficient  matrix  (optional)  constitutes  the  first  set  of  data.

The  second  set  contains  the  xyz  coordinates,  and  the  final  set  contains  the  equation  coefficients  and  error

measures.

If  more  storclge  space  is  available,   Part  Ill  of  Good's  (1964)  program  mciy  be  added,  thus  combining

the  advantages of  faster  computation  and  unrestricted  input with  map  printing.    The  program,  or  a  modification

of  it,   is  advantageous  even  when  large  computers  are  available,  because  of  no  input  restrictions.

This  program  was  written  by  Robert  J®    Sampson  at  the  Idaho  Sfafe  University  Computer  Center  as  a

part of  the  lsu  Geology  Department  Research  Proiecf  12.    Machine  time  was  doncil.ed  by  the  ISU  Computer Center,

with  the  support of  NSF  Grant  GP-2275.
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APPENDIX

TFiEND    SURFACE.    PPOGf2AM               PART     I
cOMpiLE:    wiTH   PDQ   FOpTRAN    cOMpiLE.i]    AND   FixEc)   FofaMAT    suBF}ouTINEs.
COMMON    D ( 4 .15 )  . T (  18 )  ,  I PAGE . ZBAF3 . AN
D(MENSION    A(9.9).B(9.9).C(15.16)
BEGIN    Tf3ACE
DO     1001=1,9
DO      IC)O     J=l®9
A(   I,J)=O,O

loo   a(I,J'=O,O
READ     1006.T(I).T(2).T(3).T(4).T(5).T(6).T(7).T(8).T(9).T(lo).

1T(  11  )  .T(  12)  .T(  13)  .T(  14)  .T(  15)  .T(  16)  .T(  17)  .T(  ls)
lF     (SE:NSE    SWITCH    9)      i.I

I     f2EAD     IOOO.X.Y.Z
DO     1011=1,9

K= 10-I
DO     102    J=l,K
SUM= ( X** (  I -I  )  ) I ( Yt'* ( J-I  )  '
A(  I,J)  =A(  I,J)+SuM

102   8(  I  .J) =8(  I.J)+SuM*Z
101     CONTINUE

IF     (SENSE    SWITCH    9)    20.i
20   N5=O

IC=O
DO     1031=1.5
I x= I + I
DO    104    J=l.I
IC=IC+I
I X= I X-I
JC=O
I E= I X+4
DO     105     ll=IX.IE
Ixl=l  I+I
JE=J+ 11 -I X
DO    106   J12J.JE.
JC=JC+I
'Xl=Ixl-I
Jxl=Jl+O

106   C(  lc.JC)=A(  Ixl  ..Xl  )
105   CONTINUE
104    CONTINUE
103    CONTINUE

JC=O
DO     1161=1,5
lx=I+I
DO    107    J=l,I
I X= I X-I
JC=JC+I

107   C(JC.16)=B{lx.u)
116    CONTINUE

IPAGE=0
lF.     (SENSE    SWITCH     I     )     22.21

21    DO    23    (=1.15
lF     (I-I)     122.121.122

122    lF    (I-12)     123.121.123
121     lpAGE=IPAGE+I

PUNCH    |003.T(  I  )  .T(2)  .T(3)  .T(4)  .T(5)  .T{6)  .T(7)  .T(8)  .T(9)  .T(  10)  .
IT(  11  )  .T(  12)  .T(  13)  .T(  14)  .T(  15)  .T(  16)  .T(  17)  .T(  18)  .  IPAGE

PUNCH    1004
123   DO   24   J=l.15.5
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24   PUNCH    loot.C(  I  .J)  .C(  I  .J+I  )  .C(  I  .J+2)  .C(  I.J+3) .C(  I..+4)
23    Pl/NCH    1002.C(I.16)
22    DO    loo    M=l.15

DO     118    Ml=l,15
IF.     (M-Ml)     2.118.2

2    F=-C(Ml.M)/C(M.M)
DO     109    M2=M.16

109    C(M1.M2)=C(Ml  .M2)+(F*C(M.M2)  )
118    CONTINUE

IF    (M-3)    4.3.4
4    lF    (M-6)    5.3.5
5    ZF    (M-lo)     loo.3.loo
3    N5=N5+I

DO     Ill     M3=1.M
Ill     D(N5.M3)=C(M3.16)/C(M3.M3)
108    CONTINUE

DO     112    M3=l.15
112    D(4.M3)=C(M3.16)/C(M3.M3)

ZBAF2=B (  I.I   ) /A(  I.I  )
AN=A  (  I  '  I  )
Pf}INT    loos
PAusE

1000    FORMAT     (3F.lo.3)
1o0l    Fof]MAT     (5E16.8)
1002    FORMAT     (E:16.8/)
1003    FofiMAT     (18A4.5H    PAGE.12.lH-)
1004    F.ORMAT     (/.18HCOE.FFICIE:NT    MATRIX./)
loos    FORMAT     (40HLOAD    NEXT    PASS    By    PUSHING    f2ESET    AND    LOAD)
io06    F.ORMAT     tieA4i

END    TF}ACE
END

C                  TF}END    SuF2FACE    PROGF}AM--PART    2
c                 cOMpiLE    wiTH   PDQ   Fof]TBAN    cOMpiLE.R    AND    FixE.D    FOBMAT    suBfaoiiTINEs.
C                  AFTER    COMPILING    PART    2.REMOVE    TtlE    FIBST    2    CAF}DS    FPOM    THE    OtJUECT
C                  DECK,
C                    WHEN    f]uNNING    PF20GF}AM    F2E:MOVE.    HEAL)EF2    CAF!D    FPOM    DATA    CARDS.

COMMON    D ( 4  .15 )  . T  (  18 )  .  I PAGE . ZE}AFi . AN
DIMENSION    C(5.5)
BEGIN    TF2ACE:

V=O,O

Sl=O.O
S2=0,O
S3=O,O
S4=O,O
I L I NE= 17
IF.     (SENSE.    SWITCH    91      lil

i     F}EAD     IOOO.X.Y.Z
DO     loo     [=1,5
K=6-I
DO     101     J=l,K

101    C(I.J)=(x*+ ,,-,,, I,y*+(J-I))
loo    CONTINUE

Zl=D(  I.1  )+C(2.1  )*D(  I.2 )+C(  I.2)I.D(  I.3)
Z21 =D ( 2 .I  ) +C ( 2 .i  ) tlD ( 2 . 2 ) +C (  I. 2 ) *D ( 2 . 3 ) +C ( 3 .i  ) *D ( 2 . 4 )
Z22=                     +C(2.2)*D(2.5)+C(1.3)+D(2.6)
Z2=Z21+Z22
Z31 =D ( 3 .  I  ) +C ( 2 .  I  ) *D ( 3 . 2 ) +C (  I, 2 ) ttD ( 3 . 3 ) +C ( 3 .  I  ) *0 ( 3 . 4 )
Z32=                     +C(2.2)i+D(3.5)+C(I.3)*D(3.6)+C(4.I)*D(3.7)



Z33=                     +C(3.2)+D(3.8)+C(2.3)*D(3.9)+C(I.4)tlD(3.10)
Z3=Z31 +Z32+Z33
Z41 =D ( 4 .  I  ) +C ( 2 .  I  ) *D ( 4 . 2 ) +C (  I. 2 ) *D ( 4 . 3 ) +C ( 3 .I  ) *D ( 4 . 4 )
Z42=                      +C(2.2)J[D(4.5)+C(1.3)I+D(4.6)+C(4.i)tlD(4.7)
Z43=                    +C(3.2)|D(4.8)+C(2.3)*D(4.9)+C(I.4)*D(4.lo)
Z44=                     +C(5.1)*D(4.l|)+C(4.2)*D(4.12)+C(3.3)*D(4.13)
Z45=                      +C(2.4)tlD(4.14)+C.(I.5)*D(4.15)
Z4=Z41 +Z42+Z43+Z44 +Z45
R i =Z-Z I
FQ2=Z-Z2
R3=Z-Z3
F3 4 = Z - Z 4
v=v+ t z-zaAF3 > I+2
S I =S i + ( Z-Z I  ) *+2
S2=S2+ ( Z-Z2 ) +*2
S3=S3+ ( Z-Z3 ) I+2
S4=S4 + ( Z-Z4 ) *12
I L I NE= I L I NE+ I
IF    (ILINE-18)    3.2.3

2     lLINE=O
I PAGE:=  I PAGE+ I
PuNCH     tool.T(  I  )  .T(2)  .T(3)  .T(4)  .T(5}  .T(6)  .T(7)  .T(a)  .T(9)  .T(  10)  .

iTt  I  I  ]  .Tt  i2i  .Tt  i3i  .Tt  i4i  .Tt  i5i  .Tt  i6>  .Tt  i7i  ,Tt  lei  .  ipAGE.
PUNCH     1031

3    PUNCH    1002.X.V.Z.Zl.Z2.Z3.Z4.Pl.I?2.F}3.P4
IF     (SE:NSE     SWITCH    9)     4.I

4   El=V-SI
E2=V-S2
E3=V-S3
E4=V-S4
TD I =E I /V
TD2=E:2/V
TD3=E3/V
TD4=E4/V
SD I =SOQT ( S I /AN )
SD2=SQPT ( S2/AN )
SD3=SQf2T ( S3/AN )
SD4=SQPT ( S4/AN )
CC i =SGN ( TD I  ) *SQRT ( ABS ( TD|  )  )
CC2=SGN (  TD2 } Jtsof2T (  ABS ( TD2 )  )
CC3=SGN (  TD3 ) *SQF}T  (  ABS (  T03 )  1
cc4=sGN t TD4 i *sofiT t Aes t TD4 t  I
I PAGE=  I PAGE+ 1
PuNCH     1001.T(  I  )  .T(2)  .T(3}  .T(4)  .Tt5)  .T(6)  .T(7)  .T(8)  .T(9)  .T(  10)  .

IT(  11   )  .T(  12)  .T(  13)  .T(  14)  .T(  15)  .T(  16)  .T(  17)  .T(  18)  .  (PAGE
PuNCH     |003.D(1.I).D(1.2).D(I.3)
PUNCH    |004.D(2.I).a(2.2).D(2.3).D(2.4).D(2.5).D(2.6)
PuNCH    loos.D(3.I).D(3.2).D(3.3).D(3.4).D(3.5).D(3.6).D(3.7).

ID(3.8)  .D(3.9)  .D(3.10)
PUNCH    IOC)6.D(4.I).D(4.2).D(4.3).D(4.4).D(4.5).D(4.6).D(4.7).

iDt4.ai  .Dt4.9i
PuNctl     1026.D(4.10)  .D(4.11  )  .D(4.12)  .D(4.13)  .D(4.14)  ,D(4.15)
PuNCH    1007
PuNCH    loc)8.SDI.SD2.SD3.SD4
PuNctl    loo9.El.E2.E3.E.4
PuNCH    IOIO.Sl.S2.S3.S4
PuNCH    loll.V
PuNCH    1012.TDl.TD2.TD3.TD4
F'uNCH     1013.Ccl.CC.2.CC3.CC4

1000    FOF}MAT     (3FIO.3)



loot    FOBMAT(  18A4.4HPAGE.13.  lH-)
1002   FOF}MAT    (3FIO.3./23x.7HSuRFACE.2X.4F12.3./.23x.8HF}ESIDUAL.  lx.

14F 12 , 3 )
lc03    F.OFiMAT     (/.3lHCOEFFICIENTS    OF.    LINEAf]    EQUATION    ./.3HZ    =.F15.7.

17H           +           .F15.7.7H    X       +        ,F15.7.2H    V)
1004    F.OF}MAT     (/.34HCOEFFICIE.NT    OF.    QUADf3ATIC    EQUATION    /.3HZ    =.

IF.15.7.7H             +       .FIE.7.7H    X       +       .FIE.7.7H    y       +       ./.3X.F-15.7.
27H   X2   +       .F15.7.7H   Xy    +       .F15.7.7H    y2   +       )

loos   Fof3MAT     (/.29HCOE.FFICIENT    OF    CUBIC.    EQUATION./.3HZ    =.
IF15.7.7H                +    .F15.7.7H    X          +    .F15.7.7H    y          +    ./.3X.F.15.7.
27H    X2       +    ,F.15.7.7H    Xy       +    .F15.7.7H    Y2       +    ./.3X.F15.7.7H    X3      +       .
3F15.7.7H    X2V    +    .FIE.7.7H   XV2    +    ./.3X.F15.7.7H    y3                 )

ioo6   F.oF"AT    (/,33HcoE.FFlciENT   oF   4TH   oFaDEp   E:ouATloN    ./.3Hz    =.
IF15.7.7H                    +.F15.7.7H    X          +    .F15.7.7H    y          +    ./.3X.F15.7.
27H    X2          +.F15.7.7H    XV       +    .F15.7.7H    V2       +    ./.3X.F.15.7.7H   X3          +    .
3F15.7.7H    X2V    +     .F15.7.7H    XV2    +        )

1007   F.OBMAT     (//.25X.14HEf3F!Of2    MEASuf]E:S,//.7HSuF}FACE.24X.6HLINEAF}.5X.
I 9HQUADRAT I  C . 7X . 5HCuB I C . 8X . 3H4 TH . / )

loos    Foi2MAT     {18HSTANDAF}D    DEVIATION     .6X.4F14.6/)
ioo9    F.ORMAT     ti9HVAfaiATioN    E.xpLAiNED.7.ioHBy    SUBFACE.i4x.4Ei4.6.7i
1010    FOBMAT     (23HVAF}|ATloN    NOT    EXPLAINED./.loHBV    SuPF.ACE.14X.4E14.6./)
loll    FORMAT     (15HTOTAL    VARIATION.9X.E14.6./)
1012    FORMAT     (14HCOEFF.ICIENT    OF,/.|3HDETERMINATI0N.llx.4F14.6./)
1013    F.OF}MAT     (  14HCOEFFICIENT    0F./.IIHCOF}RELATION     .13X.4F14.6)
1026    FofiMAT     (3X.F15.7.7H    V3          +     .F.15.?.7H   X4       +       ,F15.7.7H    X3V    +       ./.

13X.F15.7.7H    X2V2    +    .F15.7,7H    XV3    +        .F15.7.7H    V4                  )
1031    FORMAT     (/.3X.7HX-COORD.3X.7HV-COORD.3X,7HZ-COOF2D.8X.6HLINE.AR.3X.

19HOUADPAT I C . 7X . 5HCuB I C . 6X . 3H4TH . / )
END    TFiACE
END

Sample  input  -not  complete  (from  Good,   1964).

TOFI    OF    AfiBUCKLE     IN
16.75             -8.66
12,13                 -18®02
23.36              -22.10
29.80              -10.58
13.18               -3.92
22.18              -16.24
12,34               -4.81
22.01              -3.36
14®18                   -17,13
10,85               -I,32
39.33              -21.14
49.30              -14.85
46.00              -2,15
15,10                -18,50
28.96             -10.30

4,31                -8,15
16.90               -16.69
5.90             -8.96
7.80             -I.78
5,96             -I.50
2.10              -2,6S

21,11                  -12,26
29.92             -4.00
41,99              -5.31
21,86               -4,01

KANSAS
-1709,
-2934,
-2961,
-2240,
- I 4 78 ,
-1872 ,
-1826,
-2584 ,
-2S I 0 ,
-\4TJ,
-1119,
-125.
-ls9| ,
-3062.
-2540.
-1800,
-2300.
-2017,
-1578 ,
-1693 ,
-1800,
-1§05.
-1921,
-2056,
-2466,

ISU   GEOL06y   DEPT.    PROuECT    12
41®30                 -16,38
22.7S              -21.67
35.93              -14.53
21.59               -21.16
28.20             -6.40
30.50             -19.83
41.20              -3.50
31.38              -17.74

30            -.40
3.90             -15.65
2.40             -24.00

24.30             -23.90
43.10               -15.34
8,90              -21,00

47.30             -4.92
24.80               -21.10
12.60              -14.83
22,72                -11,15
20.40              -21.82

1®15                -25,85
26.49            -6.43
45.90              -13.25

85             -4.20
10,50              -5.50
51.20              -25.01

-1077 ,
-2780,
-10T ,
-2677,
-2801  ®
-2678,
-2586,
-2190.
-2029.
-2208,
-3167,
-3367.
-399,
-3603,
-1400,
-2959,
-2545.
-1431,
-3022.
-1923,
-2431,
-638,
-1803,
-1907,

134.



TOP   OF.    ABBUCKLE     ]N   KANSAS                      ISU    GE:OLOGy    DEPT.    Pf}O.ECT     12

COEFf-lc.IENT    MATBIX

•50000000E   02          .11149800E   04
.Io452256E   05          .12891535E:   07
.5i654693E   08      -.i66i3002E   Oe

-.10195800E   06

. I  I  i49eooE   04

.24147720E    06
•21888232E    10

-.20233390E   0]

-.61395000E   03
-.2Oi492e7E   06
-.6688254lE   09

.131595S3E    07

•35157925E   05
•76T]39\9E   0]
.96197949E    11

-.55143082E   08

-.14332120E   05
-.45697853E   07
-.2e66i433E    ii

.25416475E   08

.10452256E   05

.41296646E   07

.I!566082E    11
-.2317S065E   08

.12891535E   07

.28363782E   09

.43336025E    13
-.1745688lE    10

-.4534655lE   C)6
-.14652153E   09
-.12801636E    13

•639393\2E   09

.24147720E   06

.91907949E   08

.50362lo8E    12
-..29T2T37E   09

-.20149287E   06
-.87950566E   08
-.22693437E:    12

•45599045E   09

.5`654693E   Oa

.ii566Oe2E    ii

.1986630lE    15
-.61155375E:    11

-.i66i3002E   Oe
-.54Bi26e2E   io
-.58798550E    14

.i9279e22E    ii

•76TT.919E   07
.29e35784E    io

.35157925E   05

.5i654693E   Oe
-.66E)8254lE   09

-.14332120E   05
-.1661J002E    C)8

.283637S2E   09

.12891535E    07

.2i8se232E:    io
-.2e66i433E:    ii

-.4534655lE   06
-.6688254lE   09

.11566082E     11

.24147720E:   06

.28363782E   09
-.54812682E    10

.51654693E   08

.96197949E    11
-.12801636E    13

-.16613002E   08
-.28661433E    11

.50362lo8E    12

.]67T3919E.   OT

.  I  1566002E    11
-.22693437E    12

-.456978S3E   07
-.54812682E:    10

.11338040E    12

.2i88e232E   io

.43336025E    13
-.5879e55OE   i4

-.668a254iE   09
-.12801636E    13

-.61395000E   03
-.4534655lE   06

.7C.T739\9E   OT

-.14332120E   05
-.16613002E   08

•35157925E   05      -.14332120E
.24147720E:   o6      -.2ol49287E

-.45697t353E   07         .41296646E

.12891535E   07      -.4534655lE

.76773919E   07      -.45697053E
.28363782E   09      -.14652153E   09

.10452256E    05

.767T39\9E   0]
-.14652153E    09

-.4534655lE   06
-.66S82541E:   09

.11566082E     11

.24147720E   06

.28363782E   09
-.54812682E    10

-.20149287E   06
-.14652153E   09

.29835784E    10

-.16613002E   08
-.28661433E    11

-.4534655lE   06
-.45697e53E   07

.91907949E   08

.51654693E   08

.28363782E   09
-.54812682E    10

-.16613002E   08
-.14652153E   09

.29835784E    10

.76773919E   07

.91907949E   08
-.1923325lE    |0

.21888232E    10

.11566082E     11

.T6]T39\9E:   0]

.11566082E     11
-.22693437E    12

-.45697653E   07
-.54ei2682E   io

•11338040E    12

.41296646E   07

.29835784E    10
-.63447138E    11

-.6688254lE   09
-.128ol636E    13

-.6688254lE:   09
-.5®S12682E    10

.11338040E    12

.28363782E   09

.29e35784E   io
-.63447i3aE   ii

-.14652153E   09
-.1923325lE    lo

.4|442099E    11

.96197949E    11

.50362ioeE    i2

28363762E   09
50362lo8E    12

.22B91094E:    14       -.10044573E    14

•28363782E   09      -.14652153E   09
.50362lo8E    12      -.22693437E    12

.22B91094E    14       -.}0044573E    |4          .47729BBOE    13
-.10370456E    11

-.45697e53E   07      -.i4652i53E   09         .9i907949E:   08
-.i923325iE    io      -.22693437E   i2         .ii33eioooE    i2
-.10044573E    14

•817ls4BIE     10

.41296646E   07

.19257257E    10

.477296eoE    i3
-.9.297047E   10

•91907949E   08      -.8795C)566E:   08
.11338040E    12      -.63447138E    11

•91907949E

.24147720E
• 41296646E

-. 87950566E

-.16613002E
-. 14652153E

. 29e35784E

•767739\9E
•919079®9E

-.19233251 a

-. 45697853E
-. 87950566E

•  19257257E

-. 66882541 E
-. 5.8 I 26e2E

•  11338040E

.2e363782E
• 29e35784E

-. 6344713BE

-. 146521 53E
-.192 33251 E

.41442099E

•9\9079.9E
• \ 92ST257E

-. 4308016BE:

-. 28661433E
-. 22693437E

•47729B80E

-.2866i433E    I I         . I i566Oe2E
-.22693.37E    12         .1133S040E

.47729eBOE   i3     -.2455..43E

. ii566o82E   ii      -.5.ai2682E

. ii33804OE   i2      -.634.7i3eE
-.24554443E    13         .13931634E

-.548i2682E   io        .29a357a.E
-.63.®7138E    11          .41442099E

.13931634E    13      -.9134.968E

•29835784E   10      -.1923325lE
.4i®42099E    ii      -.4308Oi6eE

-.24554443E    13         .13931634E    13      -.9134.968E    12         .9005.970E:



X-COORD           V-Goof?D           Z-COOF2D

i6.75O            -a.66O   -i709.OOO
SuRFACE
f`ES I DUAL

12.130          -18.020    -2934.COO
SuRFACE
PESIDUAL

23.360        -22.loo   -2961.000
SuF!F.ACE
f}ES I C)UAL

29.BOO         -10.580   -2240.000
SURF.ACE
f2ES I DUAL

13.loo            -a.920   -1478.000
SuF}FACE
CiE S I Du AL

22.loo          -16.240    -1872.COO
suFaFAcE
BESIDUAL

12.340            -4.810   -1826.000
SuF2FACE
FiES I Du AL

22.010           -3.360   -2584.000
SUBFACE
RESIDUAL

14.loo         -17.130    -2810.000
SURF-ACE
f2ES I C)UAL

io.e5O            -I.32O    -i477.OOO
SUF}F.ACE
PESIDUAL

39.330          -21.140    -1119.000
SURFACE
fiES I DUAL

49.300         -14.850      -125.000
SUPFACE
F}E S I C) u A L

46.000            -2.150   -1891.000
SuF2F.ACE
FiESIDUAL

15.10C)         -18.500    -3062.000
S 1/ R F. A C i
f]ES I DUAL

2a.960         -io.3OO   -2540.COO
SuRFACE
RES  I DUAL

4.310            -8.150    -1600.000
SuF2FAC.E
fiES I DUAL

18.900          -16.690    -2300.COO
SuF2FACE
F}ES I Du AL

5.900           -8.960   -2017.000
SuRFACE
FiE S I OuAL

7.eoo            -I.78O   -i578.OOO
SuRFACE
RESIDUAL

5.960           -I.500   -1693.000
SuRFACE
BESIDUAL

2.loo          -2.650   -lsoo.000
SuF{FACE
F}ES I DUAL

21.Ilo         -12.260   -1505.000
SURFACE
a E S I DIJ AL

29.920            ~4.000   -1921.COO
SuF2FACE
FtE: S I Du AL

41.990            -5.Ilo   -2056.COO
SuRFACE
RESIDUAL

2i.e6O           -4.Oio   -2466.000
SURFACE
F2E S I DUAL

L INE.Ae           OuAOpATlc

-2083.406        -222o.336
374.4o6              5| I.336

-2463.OOJ        -2548.387
-470.996           -3e5.6i2

-2283.6ie        -27i4.492
-677.SOL            -246.507

-1796.793        -2o44.254
-443.206           -195.745

-2045.053        -2201.935
567.053              723.935

-2152.005        -2354.530
2eo.oo5              482.53o

-2091.580         -2137.2C}0
26S.580              Jl I.260

-1799.619        -2.75.560
-784.380           -loo.439

-2384.969        -2490.994
-425.031            -319.006

-2033.695        -2189.252
556.695              712.252

-1841.188          -1423.721
722.188               304.721

-1407.333           -24|.144
1282.333               1|6.  |44

-1141.434          -1743.343
-749.565           -147.656

-2398.966        -2600.505
-663.033          -46|.494

-ieio.909        -2083.045
-729.091           -456.954

-2393.197         -1678.142
E593.197             -121.857

-2249.877        -2440.958
-50.122               140.958

-2374.235        -1802.496
357.235           -214.503

-2125.856        -1964.940
547. 856             386. 940

-2166.010         -1834.651
473.010                 141.651

-2298.377        -1470.860
498.377           -329.loo

-2069.609        -2254.690
564.609             749.690

-1611.384         -2382.816
-309.615              461.816

-1333.389         -1675.117
-722.610           -380.882

-1821.531         -2434.420
-644.468             -31.580

CUBIC

-2026.6T6
317,676

-2669.781
-264 . 2 I a

-295T.909
-3, 090

-|88 a . 947
-359.052

-|924.538
446.538

-24 19 , 4 15
54 7 , 4 I 5

-1902,881
76, eel

-2179.161
-404.838

-2598. lso
-211,849

-1 91 4 . S30
437.030

- 161 5 , 9®e
496.948

238.946
-363.948

-2460.614
569 , 61 4

-2717 , 381
-344.618

-1910 , 647
-629.352

-1925.166
125.166

-2524.090
224. 090

-\9TT.T47
-J9,253

-1805.045
227,045

- I 758 . 339
65,339

- 1695 . 364
-104.635

-2159.812
654,812

-2253.T52
332.752

- I 79 3 . 667
-262.332

-2132. I 07
-333.892

4TH

-ie23.s27
Ilo . 527

-28e4 . 068
-49.931

-3052 . 510
91.SI a

-1886.744
-353.255

- I 826 . 644
348.644

-2:2:2T . 5T4
355.574

-I 793 , 851
-32 ,148

-2296.209
-287.750

-2655.644
- I 54 , 355

-1595 . 006`
11 E' , 006

-1285.®23
166,42J

50 , 766
-I 75 . 766

-\699.92T
-191. 073

-2906.871
-155 ,128

-1919.996
-620,003

-\T57.OT9
-42,521

-2427. I S4
127 , I 5¢

-\136®93\
-28o.o6e

- I 6 I 8 , 382
40®3e2

-1618,511
-74.489

-i Be4 . 7 o8
84 . 70a

-I ce6 . 226
381,226

-2659.54.
73a,5®4

-2256.407
200.407

-22T6.TOO
-189,240



X-CoofiD          y-COOFiD          Z-COOBD

41.300         -16.380   -1077.000

22.750         -21.670

35.930        -14.530

21.590          -21.160

28.ZOO            -6.400

30.BOO         -19.630

41.ZOO             -3.500

31.380         -17.740

•300              -.400

3.90C)          -}5.650

2.400         -24.000

SuRFACE
PESIDUAL

-2780.OOO
SuRFACE
F!ESIDUAL

-707.000
SuRFACE
RESIDUAL

-26T].000
SuRFACE
PESIDUAL

-2801, COO

SU8F'ACE:
RESIDUAL

-2678.000
SuF{F.ACE
13E S I DUAL

-2586.000
SuRF.ACE
fiE S I DUAL

-2190.000
SufiFACE
RESIDUAL

-2029.000
SuF]FACE
F}ES I DUAL

-2208.000
S1'PFACE
F] E: S I D U AL

-3167.000
SuRFACE:
F! I S I C)U A L

24.300        -23.900   -3367.000
SuRFACE
F}ES I DUAL

•3.loo        -15.340      -399.000
SURFACE
f3ESIDuAL

a.900        -21.000   -3603.000
SURFACE
F}ES I DU AL

LINEAB            OuADFiATIC

-1658.026         -1136.515
581.026                  59.515

-2ZB].5B9         -2]OZ2. 395
-492.410              -77.604

-1746.603        -1627.349
1039.603              920.349

-2303.665        -27o2.547
-373.334                25.547

-\T22.65T        i-Z259. £59
-1078.342            -541.740

-2034.ei7        -2i40.796
-643.182           -537.203

-1303.818         -1928.026
-i2e2. i8i           -657.974

-i954.005        -i99i.e76
-235.995          -i9e.123

-2282.915         -1341.745
253.9i5          -6e7.255

-2611.644         -2089.2£9
403.644            -118.770

-28e2.02i         -3097. i65
-284.978            -69.834

-2309.007        -2843.999
-1057.992           -523.000

-i5e2.346          -96i.673
1183.346               562.673

-2629.662        -2821.003
-973.337          -7Sl.996

47.300           -4.920   -1400.000
SuF2F.ACE                 -1184.321           -1267.528
f}ES I DUAL

24.BOO         -21.loo   -2959.000`SUF}FACE

BESIDUAL

12.600         -14.S3C)   -2545.000
SuRFACE
RESIDUAL

22.720         -11.150   -1431.000
Suf2FACE
F}E S I DUAL

20.400         -21.820   -3022.000
SuF!FACE
f}ES I DUAL

I.150         -25.850

26.490            -6.43C)

45.900        -13.250

.850             -4.ZOO

10.500           -5.500

51.200         -25.010

-1923.000
SuFtFACE
F} E S I D 1/ AL

-2431. COO
SuFiFACE
PESIDUAL

-63e,000
SURFACE
f}E S I Du AL

-1e03,000
SuRFACE:
fiES[DUAL

-1907.000
SURFACE
FaE:s I DiiAL
134 . 000
SuPF.ACE
fiES I DUAL

-215.679            -132.471

-2218.420        -2560.246
-740.579          -398.753

-2362.393        -2319.224
-182.606          -225.775

-1996.936        -2227.644
565.936             796.644

-2352. 935        -28C)5.6££
-669.06Q          -2\6.3]]

-2965.8i9        -33eo.429
t042.819             1457.429

-1768.014          -2290.113
-662.9e5          -i40.886

-1451.539           -723.074
ei3.539                85.074

-2373.064        -1343.678
570.864           -459.321

-2158.606        -2034.577
251.606               127.577

-1639.321                 45.590
i773.32i                se.409

Cue) I C

-1029,181
-47.8'e

-i2929 . 225
149,225

-1559,909
852 . 909

-2903.979
a:26 . 9T9

-2o38.55e
-762,441

-2367.818
-310 ,182

-2230.815
-J55,184

-2113,186
-76,SIS

-1647 . 684
-381. SIS

-2419 .196
all,196

-2735.BOO
-431,199

-3124, '90
-2a2.8og

-763,781
364.781

-2t}5 4 . 775
-T4B®22a

-I S37. 044
137,Oa4

-2804 . 064
-154,935

-2.4o6.1Z7
-138,272

-20e I, 351
650,351

-2992.263
-Z9,T36

-2643.125
72 0,125

-2045.561
-385.438

-4o5.635
-232 . 364

-1730.870
-72 ,129

-I e7e . 05E)
-28,941

249,819
-115,819

4TH

-e54.393
-222.606

-3050 .14S
270 ,148

-1373 , I 84
666 , I 84

-3064.393
307.393

-2374.021
-026,9T8

-2146.236
-531,763

-2444.871
- I 4 I  . 128

- 1837 , 2 I 4
-352 . 785

-ie78.429
-150,570

-2501.log
293 ,102

-2969.409
-I 97 , 59 I

-3077.051
-289.949

-690.876
291.a76

-3435.451
-167,549

~1607.347
207.347

-2eI8.088
-loo.912

-2255.649
-289.350

-1872.206
441.206

-3227.34e
205.348

-2073,01§
'50.015

-23i6.43e
- I 1 a , 56 I

-54e.977
-e9,023

-1986 . 04 0
183,040

-1739 . 321
-167,678

loo,708
2S,292



TOP   OF    ARBuCKLE    (N   KANSAS ISU   GEOLOcy   DEPT.    PfiouECT    12

COE.FFICIENTS    OF    LINEAf2    EQUATION
Z   =     -2279.6456000        +                      26.0385320   X     +

COEFFICIENT    OF    OUADRATIC    EQUATION
Z   =      -1321.7799000            +               -loo.5919600   X      +

2.0097406   X2   +

COEFF.[CIE.NT    OF    CUBIC    E.QUATION
Z   =      -1642.9889000              +

-I ®9221719

•0315090
-.1607853

-2.75o5044   Xy   +

-13 . 5383300
-4,1182501
-.1042092

COEFFICIENT    OF    4TH    OBDEF2    EQUATION
Z   =      -1854.938200C)                  +

-9.3042420   X2         +
•1497681    X3          +

3.2379154   V3         +
.0078628   X2y2   +

SuRFACE

STANDAF}D    DEVIATION

VARIATION    EXPLAINED
BV    SuRFACE:

VARIATION    NOT    EXPLAINED
By    SuRFACE

TOTAL    VARIATION

COEFFICIENT    OF
DETERM I NAT I 0N

COEFF-|CIENT    OF
COBf2ELA T I ON

129.6346700
I  I.1533530
-.4846042
-. 0000011

• 0269931

Ef2Rof3    MEASuf2ES

L I NE.AR

705.266490

•829044E   07

•248700E   08

•331604E   08

.250009

500009

11

2T.7028460   V

-3|.9564550   V     +
-4.2564670   y2   +

• 184S793
-5.5286453
-, 2423811

166 . 24855 00
40.2986040

• 6243866
•0085549
•0745968

QUADRATIC

462.898670

.224467E   08
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PROGRAM ABSTRACT

Title  (If subroutine  state  in title):

FORTRAN  11  trend-surface rogram  with  unrestricted  in ut  for  the  lBM   1620  com

Computer:     IBM  1620

Programming  language:

Author,  organization:

Direct  inquiries to:

FORTRAN   11

mte:   JaniJary  27,   1966

Robert  J.   Sampson,  Computer  Center,   ldclho  State  University,   Pocatello,   Idaho       and

John  C.   Davis,   DeDartmenl  of  Geoloay,   Idaho  State  university,   Pocatello,   Idaho

Auf hors  or

Name:              D.  F.  Merriam

Purpose/description:

values  for on

utes  f irst- second-

Address:     Kansas  Geoloqical  Survey

Univ.  of  Kansas,   Lawrence,   Kanscis

third- and  fourth-de ree  trend-surface  and  residual

number  of dafci

Ma.thematical  method:        Surfaces are  fitted  b

Jordan  method  of  ci

the   leasf -s uares  criterion.    E uations  are  solved  b the  Gauss-

roximations.

Restl.ictions ,  range: Program  is  limited  to  surfaces  of the  fourth  degree  or  smciller.    There  are  no  restrictions

on  the  number  of  data oints  used .

Storage  requirements: ram  and  data  occu rox imate I 18K  bits  of  the   memor ace  of a  20K  IBM  1620.

Equipment  specifications:

Memory 20K 40K

Automatic  divide:     Yes      X         No Indirect a,ddressing:   Yes XNo

Other  special features  required    Moclified  PDQ  FORTRAN CornDiler

Additional  remarks  (include at author's discretion:   fixed/float,  relocatability;  aptional:  running time,  approximate

number  of times  run  successfully,  programming  hours)     loo clcita  Doints  require  aDDroximcitely 24  minutes.

'2



COMPUTER  CONTRIBUTIONS
Kansas  Geological  Survey

University  of  Kansas
Lawrence,   Kansas

Special  Distribution  Publication
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