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COMPUTER   CONTRIBUTIONS

With   the   vast   amount   of   data  being  made   available   at   an   Increased  rate   through   the  many

publication  outlets,   and  through  other  means  of   distribution,   it   is  often  difficult   for  a  geolo-

gist   to   eva.Iuate   this   flood  of   infcirmation   c>r   a.ny   part   of   it   in   the   time   available.      To   help

alleviate   this   dilemma,   the  modern,   high-speed  electronic   computer   has   been  called   on   to  aid  the

geologist   in  retrieving   important   information     mol.e  quickly  and  to  synthesize  masses   of  data

in  hope  of   finding  systematic  and  regular  patterns.      If   an  underlying   trend  enabling   one  to  under-

stand  order  can  be  recognized,   then  the  basic   problem  being  studied   is  essentially  solved,   or

at   least  a  large  part  of   it   is.

The  geologist   today   is  relying  on  many  trend-seeking  devices  to  predict  more  accurately

events   or   occurrences   in   the   earth's   system.      This   program  reported  by   W.   T.    Fox   on   time-trend

curves   is   one   such  trend-searching   aid,   Just   as   the   trend-surface   program  reported  by   J.   W.

Harbaugh   (S|)ecial   Distrlbution  Publication   3)   is   designed   to  help   the   geolc>gist   I ind   the   basic

patterns.     Once   information   ls  quickly  and  easily  reduced  to  a  simple  pattern,   then  that   pattern

can  be  compared  either  ciuantitatively  or  qualitatively  to  other  simple  patterns   to  establish  the

degree  of   similarity   or   dissimilarity.      In   this  manner  another  correlation  tool   is  made  available,

and   it   is   now  possible   to   compare  variables   (in   this   Instance,limestone   percentage),   from   lc>cality

to  locality   ln  a  fashion  similar   to  correlating  electric  and  I.adloactivity   lc>gs.     Geologists

should   I ind  many   uses   for   these   time-trend  curve   techniques.

The  Kansas  Geological   survey  will   make   the   source   deck  of   punched  cards  available   for   a

limited   time   for   the   nominal   sum  of   $5.00.      On   the   inside   back  cover   of   this   report   is   a   list   of

publications   c>n  computer   contributions   in  geology  made   available   by  or   through   the   Kansas   Survey.

Because   the   Survey   is  making   every   effort   to  make   the  computer   programs   and  results   as  useful

as   possible,   any   comments   or   suggestions   are  welcomed   and   should  be   addressed  to   the   editor.

The   Editc>r

EDITORIAL   STAFF

Daniel   F.   Merriam,   Editor

Associate  Editors

John   W.    Harbaugh.    .                                         .    Stan ford   University

Richard  G.    Hetherington .... University   of   Kansas

William   C.    Pearn.    .          .    Socony   Mc>bil   Field   Research   Lab.

Floyd   W.    Preston ........ University   of   Kansas



FORTRAN   and   FAP   Program   I or

Calculating   and  Plotting  Tlme-Trend  Curves   Using

an   IBM   7090   or   7094/1401   Computer   System

by

William   T.    Fox

INTRODUCTION

The   program   is   designed   to   compute   and   plc)t   a   series   of   smoothed   curves   based   on   a   sequence

of   geologic   observations   taken   from  a   traverse   or   a   stratigraphic   section.      Nine   smoothed  curves

are   computed  with  varying   degrees   of   smoothing   for   each  of   ten  variables  with  up   to   500   observa-

tions   per   variable.      The  curves   are   then  used   to   study   underlying   trends,   which   in   turn  can   be

used  for  correlation  or  environmental   interpretation.

The   formulae   which   are   used   to   smooth   or   graduate   the   data   are   obtalned   by   I itting   a   poly-

nomial   to   the   data.      The   derivation   and  application   of   the   smoothing   formulae   are   explained  by

Whittaker   and   Robinson   (1929,    p.    291-299).      The   ungraduated   values,   Ux,   are   plotted   against   the

corresponding   distance   values,   X,    to   compute   the   smoothed   values,   Ux'.      A   parabolic   curve   is

fitted   to   n   points   on   each   side   of   the   value   being   Smoothed    (U-n,    U-n   _   1 ,..,    Uo,    .I  ..Un)i

with   the   constants   of   the   curve   determined   by   the  method   of   least   sciuares.      The   ordinate   of   the

parabola   at   X   =   0   is   taken   as   the   graduated   value   Uo'.      A   parabolic   curve   is   then  computed   for

each   value   in   the   sequence   and   the   graduated   values   are   plotted   as   the   smoothed  curve.

The   nine   smoothing   formulae   used   in   the   program   contain   from   five   to   21   terms.      The   number

of   terms   ill   the   smoothing   formula   is   equal   to   the   number   of   observations   on   both   sicles   of   the

central   value   plus   the   ceiitral   value   or   2n   +   1.      When   the   number   of   terms   is   small    (n   =   2   to   n   =   ^\

the   parabola   used   for   computing   the   smoothed   value   is   based  on   a   small   number   of   observations   on

each   side   of   the   value   being   smoothed.      Therefore,    the   smoothed   curve   based  on  a   smoothing   form-

ula   with   a   small   number   of   terms   closely   resembles   a   curve   plotted   on   the   observed   data.      When

the   number   of   terms   in   the   smoothing   formula   is   large   (n   =   8   to  n   =   10),   the   small   scale   fluctua-

tions   are   subdued   and   the   underlying   trencl   of   sedimentation   is   emphasized.

By   compariiig   the   total   sum   of   squares   of   deviations   from  the   smoothed  curves   with  the

total   sum   of   squares   of   devlations   from  the   mean,    it   is   possible   to  compute   the   amount   of   tlle

total   variability   accounted   for   by   each   of   the   smoothed  curves.      The   total   sum  of   squares   of   de-

vlations   from   the   smoothed   curve   is   obtained  by   summing   the   square   of   the   difference   between   each

observed  value   and   Its   corresponding   graduated  value.      The   curves  which  account   for   the  greatest

percent   of   the   total   variability  are  used  to   delineate   the  major  underlying  trends   of  sedimenta-

t ion .
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Figure   I.--A  simplified  flow  diagram  showing  major   steps   in   time-trend  analysis   program.
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The   program   for   computing   and   plotting   smoothed   curves   ls   written   in   FORTRAN   and   may   be  used

on   any   IBM   7090-7094/1401   computer   system.      The   progr.am   was   developed   at   the   Williams   College

Geology   Department   with   the   cc>operation   of   C.    Wallace   Jordan   and  John   Pfaltz   of   the   Mathematics

I)epartment.      Jcthn   Pfaltz   wrote   the   FORTRAN   and   FAP   subroutines   which   are   used   to   plot   the

smoothed   curves.      The   IBM   7094   computer   at   the   Massachusetts   Institute   of   Technology   was   used   to

debug   and   test   the   program.      The   project   was   I inanced   by   the   National   Science  Foundation   research

grant   G-23333.

STEPS    IN   PROGRAM   FOR    SMOOTHING   DATA

The   program  consists   of   a   main   program   for   reading   ln   the   data   and   14   subl`outines   for   estab-

lishing   the   smoothing   interval,   calculating   smoothed   values,   and   plotting   smc>c>thed   curves.      A

sinplifled   flow  chart   showing   the  major   steps   in   the   program   is   given   in  Figure   1.      The  main   pro-

gram  and   subsequent   subroutines,   given   in  Table   I,   are   assigned   letters   from  A   through  0.      Wlthin

the   individual   subroutines   each   line   or   card   is   given   a   number   so   that   each   statement   ln   the

program   is   designated  by  a   letter   and  a  number  which  denotes   the   subroutine   and   posltlc)n  within

the   Subroutine.      The  main   program  and   various   subroutines   are   described   in   the   following   Section.

A.      Main   Program--The   main program   is   used   to   read   the   program  control   cards   and   data  cards   which

are  used   in   the   various   subroutines   to  compute   and   plot   the   smoothed  curves.      The   steps   in

this   part   of   the   program  are   tabulated   below:

(I)      Comment,    dimension,    common,    and   fc>rmat   statements:      lines   A-1   through   A-14.

(2)      Read   and   print   the   program  control   cards   and   read   the   data:      lines   A-15   through  A-25.

(3)      Call   the   three   major   subroutines   FIXINT,    SETVAL,    and   SMOOTH   and   print   a   listing   of   the

data:      lines   A-26   through   A-35.

(4)      Check   for   another   set   c>f   data   cards:      line  A-36.

(5)       If   there   is   no  more   data.,    call   EXIT   and   END:      line   A-37.

a.      Subroutlne   FIXINT--The   subroutine   FIXINT (Fix   Interval)   is  used   to   determine   the   spacing

between   data   points   which   is  used   by   the   following   subroutines.      The   thickness   values   for   the

individual   sedimentary  units  vary  considerably   and  must   be   converted   to   equal   intervals   to  be

used  by   the   smoothing   equations.      Two  options   are  available   in   the   program  for   determinlng

the   smoothing   interval.      First,    the   smoothing   interval    (SMINT)   can   be   read   in  with   the   data

as   a   constarit    (SMCON),    or   second,    it   can   be   calculated   as   a   multiple    (AVMULT)   of   the   average

thickness.      The  cumulative   thickness   at   the   top   of   each   interval    (CUMINT)    is   calculated   for

printing   out   with   the   data.      Tlie   steps   in   this   subroutine   are   tabulated  below:

(1)      Comment,    dimension,    and   common   statements:      lines   8-I   through   8-9.

(2)      ASsign  values   to  constants:      lines  8-10   through  a-14.

(3)     Calculate   the   average   thickness   for   each  sedimentary  unit:      lines   8-15   through  a-22.

(4)      Calculate   the   smoothing   interval    (SMINT):      lines   8-23   through   8-27.



(5)      Calculate   the   index   (K)   and  cumulative   thickness   (CUMINT)   for   each   smoothing   interval:

lines   a-28   through  8-32.

(6)      Return   to  the  main   program:      line   a-33.

C.      Subroutine   SETVAl,--The   subroutine   SETVAL   (Set   Value)    is   used   tc>   calculate   the   average   for   each

variable   within   each   consecutlve   smoothing   interval    (SMINT).      The   observed   value   (VAL)   for

each  sedimentary  unit   is  converted  to  an   average  value   (U)   which   is  used   in   the   following   sub-

routines.      Where   there   is   a   covered   interval   or   lack   c>f   data,   a     -1     is  read   in   place   of   the

observed  value.      The   steps   in   the   subroutine   are   tabulated  below:

(I)      Comment,    dimension,    and  comri`on   statements:      lines   C-1   through   C-lo.

(2)     Assign  value   to  constant:      lines  C-ll   through  C-16.

(3)      Check   for   covered   interval:      line  C-17.

(4)      Calculate   the   average   value   (U)   for   each   interval    (SMINT):      lines   C-18   through   C-27.

(5)      Assign     -I   to   interval  when   there   is   no   data:      lines  C-28   thl.ough  C-33.

(6)      Assign  a  new  value   to   the   thickness   (TH)   for   the   next   calculation   of   U:      line   C-34.

(7)      Return   to   the   main   program:      line   C-36.

D.      Subroutine   SM00TII--The   subroutine   is   designed  to   select   the   smoothing   equation   indicated  by

the   ''read   SW"   statement   in   the   main   program.      Ten   SMEQ   (Smoothing   Equation)   subroutines   are

called  to  calculate  the  graduated  values   (W)   from  the  average  values   (U)   for  each   interval

(SMINT).      The   subroutine   is  also  used  to  calculate   the  mean,   variance,   standard   deviation,

and  total   sum  of   squares   of   deviations   from  the  mean.      For   ea.ch  smoothed  curve,   the   total

sum  of   squares  of  deviations   from  the  smoothed  curve   is  calculated  to  determine   the   percent

of   the  total   variability  accounted  for  by  curve.     Subroutine  PLOT   is  called  to  print   the

graduated  values   (W)   and   plot   the   observed  data  and  smoothed  curves.      The   steps   in   the   sub-

routlne  are  tabulated  below:

(I)      Coriment,   dimension,   and   comnc>n   statements:      lines   D-1   through  D-9.

(2)     Loop  to  call   smoothing   equations   for   each  variable   (I):      lines  D-15  through  D-81.

(3)      Loop   to   select   smoothing   eciuation   (J):   lines   D-16   and   D-17.

(4)     Assigning  values   to  constants:      lines   D-10   through  D-14   and  D-18  through  D-24.

(5)      Computed  G0  TO  statement   to  select   subroutines   to  be  used   in   the   program:      line   D-25.

(6)      Call   SMEQl   (Smoothing   equation   I)   to  compute   the  mean,   variance,   standard   deviation,   arid

total   sum  of   squares  for  the  averaged  values   (U)   of   the  observed  data  within  each  smooth-

ing   interval:      lines  D-26   through  D-42.

(7)      Call   subroutines   SMEQ2   through   SMEQ10   to  calculate  the  graduated  values    (W)   using   the

various   smoc>thing   equations:      lines  D-43   through  D-59.

(8)     Calculate  and  print   the  total   sum  of  squares  of  the  deviations  from  the  smoothed  curves

to  estimate  the   percent  of  the   total  variability  accounted  for  by  each  of   the   smoothed

curves:      lines   D-60   through  D-68.



(9)     Call   Subroutine  PI.Orl   to  print   the  graduated  values   (W)   and  plot   the  smoothed  curves:

lines  D-70   through  D-79.

(10)      Return   to   the  main  program:      line  D-82.

E.      Subroutine   SMEQl--The  subroutlne   is  used   to  calculate   the   sum (SUM),    sun   of   squares    (SUMSQ),

and  number  of   observations   (FI.N)   of   the   averaged  va.Iues   (U)   within  each   interval   (K)   for

each  variable   (I).     The  following  steps  are  used   in  the  subroutine:

(I)      Comment,   dimension,   and  common  statements:      lines  E-1   through  I-9.

(2)     Calculation   of   the  sum,   Bum  of   squares,   and  number   of  units:    lines  E-lo   through  E-16.

(3)      Return   to   subroutine   SMOOTH:      line   E-17.

Subroutines   SMEQ2 through  SMEQlo--These  subroutines  are  used  to  calculate  the  nine smoothing

curves  for  each  variable  using  a  family  of  Smoothing  equations  with  the  number  of   tel.ms   in-

creasing   from  5  to  21.     The  smoothing  equations  are  used  to  calculate   the  graduated  values

(W)   based  on  the  averaged  values   (U)   for   each   interval   (K)   and  each  variable   (I).     The   Sub-

routines  are  also  used  to  calculate  the  sum,   Sum  of  squares  of   deviations  from  the  snootned

curve,   and  the  number  of  graduated  values.     The  steps   in  the  subroutines  are  tabulated  below:

(1)     Comment,    dimension,   and  common   statements:      lines  F-N-I   through  F-N-8.

(2)     Loop   for   each  value   (U)   in   the   K  sequence  with     n     values   lost   on  each  end  of   the   series

(KMINJ,   KmxJ):      lines  F-N-9  through  F-24,   N-27.

(3)     Assign  values   to  constants   and  test   for   no  data   (-I):      lines  F-N-10   thl.ough  F-N-16.

(4)     Calculate  the  graduated  values   (W)   for  each  variable   (I)   within  each  interval   (K):     lines

F-N-17   through   F-18,   N-21.

(5)     Calculate   sum   (Sum)   total   sum  of   squares   of   deviations   from  the   smoothed  curve   (SUMSQ),

and  number   of   graduated  values   (FI.N):      lines  F-19,   N-22     through  F-22,   N-25.

(6)     Assign   values   (-I)   to  no   data   points:      lines  F-23,   N-26.

(7)     Return   to  subroutlne   SMOorH:      lines  F-25,   N-28.

0.      Subrout ine ±±=±--This  FORTRAN  and  FAP  Bubroutine  is  used  to  print   the  graduated  values  and

plot   the   smoc>thed  curves.      The   subroutine   is   called   for   each  smoothed  value  and  prints   (K)

the  number   in   the   sequence,    (CUMINT)   the  cumulative   thickness   below  the   top  of   the   Section

or   the  end  of   the  traverse,   and   (W)   the  graduated  value.     The  subroutine  uses  the  next   60

spaces   tc)  plot   a  period  for  the  graduated  value   (W).     The  W  values  are  multiplied  by  a  scale

factor   (SCALE)   to  keep  the  plot  within  the  allotted  space.



Table   1.--Main   program  and  subroutines  used   in   time-trend   program.

SMCOTHING     PROGRAM     FOR     GEOLOGIC     DATA

WILLIAH     T     foxi     GEOLOGY     DEPARTMENT

Wlll[AMS     C0llEGEi      WILLIAMSTOWNi      MASS.

THE     MAIN    pnnGRAM      IS     USED     To    READ     IN     THE     DATA     wHlcH     IS     PRoC€ssED
BV     TtlE     VARIOUS     SUBROUTINES

DIMENS  loN    CuylNT  (  500  )  icuMTOT  1500  )  ,FMTl  121.FHPT  112)  i  SUMVAl  1'101  I

lsw  Ilo )  +TH (  500  )  iu (  10.  500  )  ,VAl  (  lot 5001  ®  W  (  loo  500)
CO"ON     ^VMUITtcuwINT,C`JMTOT,FLN,I,IMAX,J.K.KMAxiKM^XJiKMIN®XMINJ|

I  NUN  .  NM  I  N  ,  NM AX  .  SC AL E  ,  SMCON ,  SM  I N T  ,  SUH  ®  SUM  S0 t  u  t  VAL  ,  W  ®LOC  ®  TH  i  THH  I  N ®  SW

I     f:ORMATlloF2.O)

5     foRMAT[315,4F7.2)
7     FORMAT(12A61

9     FOQMAT      IIHoi8HLOCATI0N,15}

15     FORlilATIIHl,12HCATA     FOLlowsl

20     FORMAT(lHO®lx,5li        NUN,9H         TH(NUMl      .9H        CUMTOT     t8H         VAIUEst
2     HEAD     I.(SW(J),J=lilol

[F     {SW(i)-99.)     3i35iJ
3     READ     5      ,LOG.IHAX.NMAX.THMIN.SMCON®AVMUIT.SCALE

i'BINT     5tioc,IrAxiNMAxtTHMIN®SMCoN®AVMuiTiscAiE
REAl)     7,(FMTlt.I.M=l,12)

READ     7.(FMPT(Ml,P=l,12)

K rl  I N= 2

NM  I  N= 2

NMAX=NHAX.1

0010     NUM=NMIN,NHAX

10     READ     FIJIT,TH(NUYl®(VAl(I,NUM),I=lilMAX)

CALL     FIXINT

PRINT     9|      LOG
PRINT      15
PftlNT     20
DO     25     NUM    =     r"IN,NMAx
NDA=NUM-I

25     PR(NT     FMPTiNOA,TH(NUN)
CALL     SETV^L

icuMTOT  INUM]  ,  (  VAL  I  I  .MUM)  t

SCALE    i    loo./12..SCALEI
CALL     SM00Tti
G0    TC    2

35     CALL     EXIT

END I  i  . 0, 0, 0, 0, 0 , 0, 0, O,  I , 0,0,0. O,O )

suBRr)UTINE     FlxlNT

SUBROUTINE     FIXINT      IS     USED    T0    I:IX     THE     VERTICAL     SMOOTHING     INTERVwl
{SMINT)      WHICH     IS     THEN     USED     IN     SUBROUTINE     SETVAI

DI MENS I  0N    CUMINT  ( 5001,CUMTOT (  500  )  ® FMT  (  12 )  i  FMPT 112  )  ,  SUMV^l  (  10 )  i

lsw Ilo }  , TH(  500  }  .U I  10  i 500 )  i VAL Ilo. 500  }  i W (  10,  5001
COMMON     AVMULTicuMINTtcuMTOTiFLN®l,IMAX,J®KiKMAX,KMAXJiKMIN.KMINJ,

I NUM , NM I  N, NMAX  ,  SC AIE  , S MCON ® SM  I NT , SUM ®  SUM SO , U . VAL  i  w i l oc  , " i THM I N ® SW
R 0 C T t, = 0 . 0
ROCN=O.  0
TOTH=O.0
CUMTOT  (  NMt N-I  )  I THM I  N
GUM I  NT  ( KM I N-I  ) = THM I N
DO    5     NUM.NMIN.NH^X

IF      (VAlll,NUM})     4,3,a
3    ROCTH=QOCTH     +     TH(NUN)

ROCN=ROCN+I.
4     TOTtl    =     TOTH     .     TH(NUIJ`)

C UMTOT  I NUN }  a.CUMTOT  I NUN-I  )  .TH I NUN )

5     CCINTINl/E

A V R CI C = A OC T H / R OC N

IF      (SMCON)      6i6®7

6     SMINT     =     AVMUIT.AVQOC



C0    TO    8
7     SMINT     =     SMCON

8    FLKTOT    I     TOTH/SMINT
A T 0 T = F L K T 0 I.
KMAX=KMINtKTOT-I
DO     9     K     =     KMIN,KMAX

CUMI NT  t K )  =CUM INT  (  K-I  )  .SM I NT

9     CONTINUE

RETURN

END(  I  ,  0  . Oi o ® O I 0, O , O i o i  I  i o o o, 0 , Oio  I

SUBRDUT[NE     SETVAI

SUBROUTINE    SETVAI     IS    USED    T0    SET    THE    AVERAGE     VAIUEi     u(IiK)i     WITHIN
EACH     vERTicAL     SEGMENT     (K)     Fin    EACH    VARIABLE     (ii.     THE     AVERAGE     VALUE
U(I.K)      IS     THEN     USED     IN     SUBRCIUTINE     SMOOTH.

DI HENS  I 0N    CUM I NT (  500  )  , CUMTOT  I  500 )  i FMT  (  12 )  , FMPT(  12  )  i  SUMVAL  (  101  t
lsw (  10  )  . TH  I  500 )  , U (  10 , 500  )  , VAL  (  10, 500  )  . W (  10.  500  )
COMMON     AVMULT.CUMINT.CUMTOTtFLN,I,IMAX®J,K.KMAX.KHAXJ®KMINtKMINJi

lNUM ®  NM I  Ni  NMAx i  sc AIE ,  SMCON .  SM I NT i  s uM , SUMSo i ll i v^l  , W ,LOG i  TH,  T"I N . SW
Nl'M= NM  I  N

DO     26     K=KIJllN.KMAX
DEF=SM[NT

SuMTH=0.0
DO    2     I=|,lMAX

2    SuMVAl(I)=0.0
411:      (VAL(ltNUM)I      16,6o6

6     SUMTH=SUMTH.TH(MUM)
lFISUMTH-SMINTl     8il2il2

8     DO     10     I=li]MAX
10    SllMVAL(Il     =SUMVALIIl     t     THINUM)     .    VAluiNUM)

NUM=NUM+1

OeF    -     SMINT-SUMTH
G0    TO    4

12     D014     I=l,IMAX
14    ll(IiKl      =      tsuMVALll)      t     DEF     .    VALII®NUM))     /     SMINT

G0    TO    24
16     SUMTH     =     SUMTH     +     THINutl)

IF     ISUMTH-SMINT}     18t20.20
18    NUH=Nulltl

C0    TO    16
20    DO    22     I=l.IMAX
22    U(I,K'=-I.0
24     TH(NUM)=suMTH-sMINr
26     CONTINUE

RETURN

END I  I , 0 i o i o t o . Oi o ® O t o i I i ot o. 0. Oio )

sij'`rtouTINE     sMoCTH

S`JBR0uTII`[     SM(}r)TH      IS     USED      T0     St-iECT     THE     SM0ilTHINr,     E0uATICN     WHICH
IS     l/SEi)     Tu     GRADUATE      THE     AVERAr,E     V^luES.      `J(I.Kl.

ol  MEN;I  oN     cijMI  NT  15oo  )  .CuMTOT  15oo)   ,  FMT  I   i2  )  .  rMP  I  I   I.?  )  ,  SuMV^L  (  io)   ,

I  sw(  10  )   ,  TH  (  500  }  ,U(  LO  ,500  )  ,VAL  I  lo,  5CO)  ,  W  (  10,  5CO  )
r,UMMUN     AvvuLr.

I  NUN  ,  NN  I  N  ,  NMAX  ,

S C ? = I  1` .  / S C A L F

S I: 4 = 2 a .  / S C A L E

SC6=30./SCALE

SC 8 =40 .  / SCAI E
s c I 0 = 5 0 .  / s c A L r:
I)0     /t'j       I=1,lMAY

I)e    4u     J     =     ''1,)

CUMI  NT  .  CUMT/)T  ,  FLNt  I   i   I  MAX  ,  J  ,  K  ,  KHAX  ®  KMAXJ  ,

SCALE ,  SMCON ,  SM  I riT  , Sum , SuMSo ,  u  , VAL  ,  W,  LOC  .  "

|c'r,W(J))     4o,4o,1
I      SuM=\,.0



S U M S 11 = 0 .  0
fLN=0.0
KM I  N  '=KM I '' + J
K k` A X J = K M A X - J

I)I)     J,       K=KMi.i.KMlivj

4     W(K)=-I.O
r,o     TiJ      lll,12,13,14,15,16.17,18,19.20),J

1'     |.All     SVE0l
A V `; = S U M / C L '1

I .)I S S = SIJM SO-SIJM. .? .  / F i N
V ,I R = T 0 T S S /  (  r: L ni- I  .  )
5 Ti)i v= Sot  rr  (  VAR  )
PRINT     5,      lrJc,I

5     F`)RMAT(iHL.2x,iiHAr     iiicAriiiN,i5.2x,i2HFOR     vAQI`BiF.15)
PQINT      7,A`/r,,VAR,STL)EV

7     FnRMAT(1Hr).2x.6liM[^N     =,F7.2.7X,lf`HV^l`Ii`NC[     =,;:10.2,2X,

120HST^`I0Al{C)     DEVIATION     =,F1[0.2)
PRINT     a      ,T()TSS,FLU

8     FiiRMAT(lHr,2¥.22tJTOTAL     si/M     ()f.     SOu^RES     =,F12.2,2Xi

l|7Hnl|JMqFR     0F     UNITS     =.r:5.0)

f 1 '\ I  = F I. N
I)0     9     K=KMIN,Kf/'`X

q     h'(K)=U(I,K)

r,\'      'r)     11

12     CALL     SMEOZ

r'r)    T'J     ?5
13     CALL      SMFQ)

C0    ro    ?,
14    Call    SM[04

f'O    Tn    26
15     Ci`LL      SME05

r.0    T|)    ?5
16     CALL      SVL:OC

r'n    T()    ?5

17     CALL      SMEQ7

;r]      ,I,      ,5

18     CALL      SllEO8
r,0    ,1!    25

1,    C\LI     SMr:Oq
r,U    TO    ?i

20    CALL     SMr-oi`)
Z5     PCTSS=100..(SiJMsr)/Tl)rss)|tFl.Nl/FLNl

•'RINT     26il.OC,I,J

2Ci     FORtA^T(lHl,2X,llHAT     L()CArloru,15,2X,12tiFOR     VARIABLE,15,2X,

i2?HAND     sMuorHIN3     EOuA[IUN,13)
ORINT     28,SIJMSO.FLN

?8    FnRMATiiHc,?x,:2:iioTAL     SUM    oF     sou.`RES     =,fi2.2,2x,
iiTHNUMBER     Or     iiNlis     =,Fr>.r`)

PRINT      2C).       DCTSS

29    FORMaTiiHj,?x,33HPER(,€NT     oF     Ti)TAL     su¥    OF     souAREs     =,F6.2}
KMAx  I  =KMAX  J+  I

DO      3C     K=KMAxl,KM.`X

30    W(K)=-I.
31     PRINT     3?i     SC?,SC'+tsct,,SC8,Jclo
32    FORMAT(lHuo£6X,F5.Ii.3{.F5.1,5{,F5.I,5X,F5.I,4X,F6.I)

PRINT     ?4

34    FOR",^Ti2iLt    uNir        DEPTH        v^iijE     I,9x,iHi.Ox,iHi.9x,iHI,9x,
I  I  h  I  ,  9 X  ,  I  L'  I   I

DU      38     K=KMIN,KMAX

KPLOT=K-I

31     CALL     PLOTl(KPLl)T.CUMINTIKliw(K),SCALE)

40    CONTI\UE
45     CON,l'J''I:

'{ i T U R N
F N'L)  (  I  i (1, 0  , 0 , 0 .  J , 0  , 0 , 0 i  i, 0 i 0  i 0 . 0 , 01

SUBR0uTINE    SMEOI

SuBROUTINE    SMEOI     IS    USED    IN    "E    COMPul.ATI0N    0F    THE    llEAN,     VARIANCE.
STANDARD    tlEviATION    OF    THE    AVEaAGED   vALUEs.     uil.Ki.



DI HENS I ON    CUM I NT  (  500 }  .CUMTOT (  500 )  iFHT  (  12 )  iFMPTl  12 )  ®  SUMVAl (  10)  i
lsw (  10 )  , TH ( 500 )  .U I  10 . 500 )  , VAl (  10. 500 )  , W (  10, 500 )

COMMON    AVMUIT®CUM[NTicuMTOTiFLNi  l®  [M^XiJiKiKN^XiKMAXJiKM[NiKHIN
I NUN . NM I  N t NMA I  I SCALE  , SMCON , SM I N T ®  SUM i SUM SQ i u i VAL  i  w i loc

D0     15     K=KMIN.KMAX

(F      (U(I.K))      15,3,3
3      WIT()=UI[,KI

SUMS SUM+W (  K  I

SUMSO= SUMS0t w ( I ) . .2 .
FLN=FINtl.

15     CONTINUE
RETURN

END I  I i o ® Ot ot o i oi oi o. 0 .  I i oi oioi o t o )

SUBROUTINE     SMEQ2

5     TERM    SM00THINC    EOUATI0N    USING    2    TEftMS    0N    EACH    SIDE    0F    UII.K)

DIMENS  ION    CuHINTI  500)  icuMTOT(  5001  tfHT  1121  iFMPT(  121  i  SUMVAL  1101  i
lsw (  101.  TH ( 500 )  , U Ilo .  500  )  ,  VAL  I  to , GOO  )  ,11(  10.  500 )

COMMON    AVMUITicuMINT,CUMTOTtFIN,  I.  IMAxiJ.K,KMAX.KMAXJiKMINtKMINJ
I NUN . NM I N ® NMAx i SCALE i st.CON i sM I NT . SuM i  SUMSO . U . VAL I  W . L OC
0015     K=KMINJ,KMAXJ
KM=K-J
K P a 1{ + J
IFIW(K-I))     5.3,3

3     IFIU'I,KP''      13,11,11
5     DO     7     K=KMtKP

11:      (U(I.K))      L3,7,7

7     CONTINUE
11    W(Kl=(  L7..U(  I  ,Kl  +12..lu{  I,K+I  )+U{  I,K-l)  )-3..(u(  I  oK+2)+U(  Ilk-2l  I  )

i/35,
S IJM= S U Mt W  I  K I

SuMSO    =    SUMSO    .     lu(IiKl-WIK))..2.O
FIN=flN'|.
G0    TO    15

13    W'K'=-I.
15     CONTINIJE

RETURN

END I  I  . O . 0 . O. 0.0 . 0 . 0. 0.  I . 0, 0.0 . O .O }

SUBQ0uTINE    SME03
C
C                    7     TERM    SMOOTHING     EC}UATI0N    USING     3     TERMS     0N    EACH     SIDE     0F     u(I.K)
C

DIMENS I  ON    GUM I NT I  500 )  ,CUHT01.1500 )  i FMT  (  12  )  , FMPT 1121  t  SUHVAl  (  10 )  t
LSW(  10 )  . TH ( 500 )  . u (  LO , 5001. VAl (  10. 500 )  , W(  10, 5001
COMMON    AVMULTicuMINTtcuMTOTiFIN,li  lMAX,JiKiKMAX®KMAXJiKMIN,KlllNJ

INUH ® NM I Nt NMAx t sc ALE  , SMCON ® SM I NT t sl/M i SUM SQ i u® VAl  i w . LOG
D0     15     K=Kt.lNJ®KMAXJ
KM=K-J
KP=KtJ
IFIW{K-I)}     5.3.3
lFIU'[,KP''     13,L|.|1

5     DO     7     K=KMiKP
IF     (U(I,K))      13.7,7

7     CONTINUE

|1    W(K)a{7..U(I,K)+6..(u(I®K+I)+Ul[eK-l)I+3..tu(I.K.2)+U(I.K-2ll
I-2. . ( U(  I  .K+3)  +U(  I  ,A-3 )  )  ) /21.

SUMS SUM+W  (  K  I

SUMSO    =    SUMSO    +     (UuiK)-WIK))..2.0
FLN=FLNtl.
G0    TO     15

1,     W(Kl=-I.
15     CONTINUE

RETURN

END ( I , 0. 0. 0, O, 0. 0 . 0 , 0, I , 0. 0, a , 0 . 0 l



SUBROUTINE     SMEO¢

9     TEaM    SHooTHINC    EQUATloN    USING    4    TEQMS    oN    EACH    Sloe    oF     i/il,K)

DI HENS  I  0N     GUM I NT 1500t  ® CUMTOT (  500  )  , FMT  1121,fMPT (  12  )  t  SUMVAl  (  101  i
lsw(  101,  THl  5001,1) (  10 , 5001, VAl (  10. 500 )  , Wt  10, 500 )

COMMON     AVMIJLTicuMINT®CutlTOT®FLNt  li  lMAX.J,K,KM^X,KMAXJ,KMIN.KMINJ.
lNUM i  NM I  N ® NMAX ® SCALE  . SMCON i sIJ` I NT i SUM i SUM SQ i u ® V^l i w .LOG

D0     15     K=KMINJ®KMAXJ

KM=K-J
KP=KtJ
IF(WIK-Ill     5i3i3

3     lF'U(I,KP')      13,11,11
S     DO     7     K=KMiKP

(F      IU(liKl)      13®7,7
T    CONTINUE

11    W(K)  =  ( 59. .U (  I  iKl +54.. (U I  I  ,K+I  I +U(  I iK-I)  ) +39.. (U(  I iK+2l +UI  I. K-2
I+14. . ( U (  I  .K+3 ) +U (  I , K-3 )  ) -21. . ( U I  I  ,K+4 ) +U 1  ( , A-4 )  )  ) /23 L .

SUM= SUM`W I  K I
SUMSO    =     Sl)MSO    t     (Ull®K}-W(K)l..2.O
FLN=FIN.I.
60    T0    15

13    WIK'=-I,
15     CONTINUE

RETURN
END (  I  ,0,0,0, 0.0.O.O,0,  L, 0.0,0.a,0l

SUBftouTINE    SME05

C

C                 11     TEQM     SMOOTHING     €OuATI0N     USING     5     TERMS     0N     EACH     SIDE     Cll:     U(l®Kl

D I HENS I 0N    CUHI NT ( 500 )  ®CUIITOT  (  500 )  ® FMT (  12 )  iFMPT (  121  i  SuMV^l 1101  ®

lsw Ilo )  . TH ( 5001, U (  10 , 500 )  , VAL (  10, 500 )  , Wt  10. 500 )
COMMON     AVMUIT,CUMINT,CUMTOT,FLN,I,  IMAX,J.KiKMAxtKHAXJ®KHINtKMINJ,

lNUM.  NM I N . NMAX  , SC ALE . SMCON . SM INT . SuM ,  SuMSQ . U . VAl  . W . LOC
D0     15     K=KMINJiKHAXJ
KM=K-J
KP=K+J
IF(W(K-I)15i3i3

3      IF(U(I,KP')      13,11,11

5     DO    7     K=KM.KP
IF      (U(I,K))      13i7®7

T    CONTINUE
11     WtKl=189..U(ItK)+84..(U(ItK+I)+Ull,K-ll)+69..luII,X+2)

I    tu(  I  iK-2)  1.44..( U(  I  tK.3) +Ut  I  ,K-3 )  )  +9..( Ul  I  tKt4) +ul  I  ,K-4l  I
2-.6. .1 U (  I  iK+51 +u (  I, K-5 )  11 /429.

SUM= SuM+W  (  K  )

SUMScl    =     SUMSQ    +     IU(I,K)-WtK))MZ.O
FIN=FINtl.
G0    T0    15

13    I(K'=-I.
15     CONTINUE

RETURN

ENDI  I  ,O,0.O ,0 ,0,0 .O,O,  I,0,a ,O.O,0 )

SUBROUTINE     SME06

n    TERM    sMOOTHiNG    EQUATION    usiNc    6    iERMs    ON    EAcit    sli)E    oF    uti,Ki

DI MENsl  ON     CUMI NT (  500 )  ® CUMTOT  1500}  , FMT {  121  i FMPT I  121  i  SUMVAL  (  10 )  .

ISW 1101. TH (  500  )  .U Ilo .  500 )  . VAL {  10,  5001,  W(  10,  500 )
COMMl]N    AWUITicuMINTtcuMTOTiFINi  ltlMAX®JiK,KMAX,KMAXJ®KtuN,"I

INUM .  NM I V .  NMAX , SC ALE  i SMCON .  SM I NT  i  sllM . SuM SQ i u i VAL  i w . LOG
D015     K=KMINJiKHAXJ

KM=K-J
KP=K,J
IF(W(K-l}15®3i3

3     IF(U(I,KP)l      13,11,11



5     DO     7     K=KMtKP

[F      (U(IiK)I      13,7.7

7     CONTINUE
11     W(K)=(25..U((,K)+24..(U(I.K+I)+U(I.K-I))+2L..(UIIiK+2)

I+U(  I  iK-2l  )+L6.I(U(  I  ,K+3)+U(  I,K-3)  )+9.*(UI  I  ,K+4l+U(  I  ,K-4)  )
2-I I . . ( U(  I  ,K+6 ) +U(  I  ,K-6)  )  ) /143.

SUM= S uMtw  I K )
SuMSO     =     SuMSO     +     (U(IiK)-WIK)}..2.0
FLN=FLNtl.
G0    T0     15

I,     W(K)=-l.
15     CONTINUE

RETURN
ENDl  I to, 0,Oi oiot o, O,O.  I  .0.Oioto.0 )

Suf)ROUTINE     SMEQ7
C

C                 15     TERM     SMOOTHING     EQUATloN     USING     7     TERMS     0N     EACH     SIDE     0F     UIIiKI

C

DI  MENSI0N     CUMINT(  500)  .  CUMTOT(  500)  ,FMT(  12  )  ,FMPTl  12  )  ,  SUMVAI  I  10}   ,
lsw Ilo )  ,TH I 500  )  iu(  lot 500 )  .VAu  lot  500 )  . W(  lot 500)
COMMON     AVMuiT.cuMiNT.cuMTciT,FiN.I,imx,I,K,KMAx,KMAxj.KMiN,KMi

lNUM ,  NM I  N ,  NMAx i  sc AI E  , SMC ON i  sM I NT  i  sun i  SUM SQ i u i VAL i w i LOG
0015     K=KMINJ.KMAXJ
KM=K-J
KP=K+J
IF(W(K-ll)     5i3.3

3     IF(|'((,Kpl'      13,11,11

5     DO     7     K=KM.KP

[F      (U(I,Kl)      13,7,7
7     CONTINUE

11     WIK)=(176..lJH,K)+16?..(UU,K+I)+UHOK-U).147..lu(I,K+2)
I+1/(  I  i K-2 )  I  tl22. . ( UI  I  , K+3 I  .U (  I  ®K-3 )  ) `87. . ( U(  I ,Kt41
2+U (  I  iK-41  ) +42. .( U{  I  ,Kt5 ) tu(  I ,K-5l  }-11.. ( U(  I  ,Kt6) +Ul  I,K-6)  ) -78.
3.  (  U(  I.K+7  )`UI  I,K-7)  )  }  /  1105.

S UM= SUMt w  (  K  )

SUMSQ    =     Sl"SQ    +     (lJ([tKl-W(K)I..2.O
FIN=FIN+I.
G0    T015

13     W(K)=-I.

15     CONTINUE

RETURN

ENO'  I '0'0 .0.  0,O, 0,0,0,  I , 0,o, o, o,o )

SllBROU1.INE     SMEO8

17     TERM     SMOOTHING     EOUATI0N    IJSINC    8     TERMS     0N     EACH    SIDE     0F     ulltK)

D I  HENS  I 0N     CUM I  NT 1500  )  , CuMTOT  (  500  )  , FMT  (  12 )  i FMPT 112  )  i  SUMVAL  (  lot  ®

lsw I  10  )  ®  TH (  5001, U (  10 ,  500  )  ®  VAL (  lot  500 )  t W (  10i 500 )
COMMON     A"ulT.CuMINTicuMTOTtF|N,I.IM^X,J.K.KMAxtKMAXJ.KMIN,KHI

INUM t Ntl I N t NMAX .  SC^LE  . S MCON , SM I NT  .  Sum i  SUM So i u . VAl  i w i LOC
D015     K=KMINJ,KMAXJ
KM=K-J
KP=K,J
(F(W(K-l')     5,3,J

3     IF(U(IiKpll     13.llill
5     DO    7     K=KMtKP

!F     (U(I,Kl)      13,7,7
7     CONTINUE

11     W(K)=(43..U(I®K).42..(UIItK.lI`U[IiK-I)).39.-lu(I,K+2)
ltuI  I  ® K-2)  ) +34. . lu 11, Kt3 ) tu(  I ,K-3)  )+27. . (U(  I  iK.4)
2+U I  I  t K-4)  ) +18. .( u I  I  ,X+5 I  +U(  I .K-5)  )+7. .(U(  I .K+6) +UI  I tK-6)  )
3-6. .I U(  I  iKt7 ) tu I  I  i K-7 )  )-21. .(UI  I , K+8l  tu(  I  iK-8 )  )  I /323.

SUM=SUMtw  ( K I

SUMSQ    2     SUMSQ     t     (UH,Kl-WIK))..2.O
FIN=FLNtl.
C0    TO     15

13    W'K'=-I.
15    CONTINUE

RETURN

END(  I  .  0.O,0,O  .0  .O,O,O.  I.0.O,O.0.O  )



SuBR0uTINE    SHEO9
C
C              19    TERM    SM00TttlNG    EQUATloN    USING    a    TERMS    0N    EACH    SIDE    0F    Ull.K`
C

DI MEWS I 0N    CUMINT (  500 )  . CUMTOT I  5001,fHT (  121,FMPT I  12 )  ,  SUMVAL  I  10)  .
ISW( 101.THI 5001.U(  10 . 500 ) . VAl{  10. 5001. Wt  10, 500)

COMMON    AVMl)LTicuHINTicuMTOTiFIN,  li"AxiJiKiKMAX.KMAXJiKMINiKMINJ
INUH i NMI N. "Ax t SCALE i SMCON ®  SM I NT ® SUM ® SuMSQ i u i VAL  i w ® LOC

I)0    |5    KaKHINJ.KMAXJ
KM=K-J
KP=K+J
IFIW(K-I))     5,3.3

3     lF(U'l,KP)I      13,11,11

5     DO    7     K=KM.KP
IF    (Uu,Kl)     13.7.7

7    CONTINUE

11    W ( K ) a ( 269. .1/ (  I  ® K I +264. . ( U(  I iK+I ) +U{  I . K-111 +249-.1 Ut  I  . K+2 )
I+U ( I  , K-21  ) +224. . ( u(  I . K+3 )  +Ut  I  ,K-311 + L89.. ( U (  I, K+4)+U (  f .K-4 )  )
2+L44. . ( U (  I  , K+5 ) +U (  I  , K-5 )  I +89. . l u(  I ,K+6 ) +u (  I ,K-6 I  ) +24. . {u(  I  , K+7l
i+U(  I  iK-7 )  )-51..tu(  I,K+8l+U(  I ,K-8)  )-136.. (U{  I .K+9) +U(  I  .K-9)  )  )/
42261.

SUM= SUM+W  I  K  I

SUMSO    =    SUMSO    +     lulliK}-W(K))..2.O
FLN=FLN`l.
GO    ,0    15

13    w'K'.-1,
15    CONTINllE

AETURN

END `  I , O . 0 . 0, a. 0. 0 . 0,O.  I , 0. 0. O. O. O I

SuBROUTINE    SMEolo
C

I               21     TERH    SMOOTHING    ECIUATloN    USING    10    TERMS    0N    EACH    SIDE    0F    UII,KI
C

DI HENS I 0N    CuHI NT I  5001. CUMTOTl  500t  . FMT  (  12 )  .FMPT 1121.  SuMVAl 1101.
ISW (  10 )  ,TH( 5001,11 (  10. 500 )  , V^l (  10. 500 )  , I (  LO. 500 )

COMHON     AVMULTtcuHINTicuMTOT,FLNtli  lMAX,J,K,KMAX,KMAXJ®KMIN,KMINJ

I Null . Nll I N . NMAX , SCAI E , S llcoN . SM I NT . Sun , SUM SO , u , VAl . W . LOC
D0    15     K=KMINJiKM^XJ
KM=K-J
KP=K+J
IF(WtK-I)15,3,3

3     IF'Ull,KP')     13,11,11
S    00    7    K=KM.KP

IF     (ull,Kll     13.7,7
T    CONTINUE

11    W(K)=1329..lltl®Kl+)24..(U(l®K+ll+U(I®K-I))     +309..(U(Ilk+2)
I+U(  ( iK-2 )  1 +284..1 U (  I  iK+3 ) +U(  1 iK-3 )  ) +249. . ( U (  I i K+4) +U (  I i K-4 )  I
2.204. . ( U( I . K+5 ) tu 11. K-51  ) .149. .I U ( I . K`6 ) tul  I.K-611 t84. . ( u(  I  ,K.7 )
3+ull®K-7))+9.tut(®K+8)+    u((iK-8ll       -76..tu(liK+9l+U(IiK-9)I
4-171. . ( 11 (  I  ,K+10) +U (  I iK-10 )  11 /)059.

SuMISUM+W ( K )
suMso   =   sLmso   +    Iu(I.Ki-w(Kn..2.a
FIN=FIN.I,
C0    TO    15

13    WIK)=-i,
15    CONTINUE

R E T lm N
ENDl I .0 . 0.0.O.0.0.O.O. I ,0.O.O. O.0 l

SuqRciuTIN[     PLOTl(N,V,X`,Sr.ALE)
DIMENsll)N     ^lpH`     (10)

I     FORMAT     (iii     ,i3,F8.2,F7.2,2'i     I,io^4)
D010     IX=l'lc

a        10    ALPHA(lx)=606060606060
I V=X I  .SCALE

CALL     sHiFrvilv,ALPH^ii))
PRINT      I,N,Y,Xl.(ALPHA(JX}.JX=l,lo)

i 1=  T 1' R N

END(  I  ,O  ,0  ,Oi  o  .  C.0  ,0  ,0  ,  I  to.0.O.  C  ,O  )
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INPUT   TO   TIME-TREND   PRCGRAM

Smoothing-equation  control  card--The  I irst   card  of   the  data   is  used  to  select   the  smoothing-

equation  subroutines   wliich  will   be  used   in   the   program.      The   first   20   columns   are  used  with   two

columns   assigned  to  each  smoothing   subrc)utine.      To  call   all   ten   subrc>utines,   I ill   out   columns   I-20

as   follows:      01020304050607080910.      To   omit   a   subroutine,   punch   a   zero   in   place   of   the   riumber   of

the   subroutine   to  be   omitted.      At   the  end  of   the   data  cards,    include   a  card  with   99   punched   in

columns   I   a,nd  2   of   the   I irst   20   columns.      As   many  sets   of   data  cards   as   desired  may  be   inserted

before   the   99  car.a  which   terminates   the   run.      A   listing   of   the   Input   cards   is   given   in  Table   2.

Variable  clef inition  card--The  second  card   in  each  data  set   is  used  to  clef ine  seven  varia.bles

used  to  contrc>l  the  operation  of   the  program.     The   I irst   three  variables  are   in  I ixed-point  mode

and   the   last   four   in   floating-point   mode.      The   varlables   are   read   in   according   to   format    (315,

4F7.2).      The   card   is   punched   as   follows:

(I)      Location   number    (LOO)    in   columns   I   through   5.

(2)      Number   of   variables    (IMAX)    in   colurms   6   through   10.

(3)      Number   of   sedimentary  units    (NMAX)    in   columns   11   through   15.

(4)      Minimum  value   for   cumulative   thickness    (THMIN)    in   columns   16   through   22.

(5)      Pre-set   constant   for   the   smoothing   interval    (SMCON)    in  columns   23   through   29.

(6)      A   cc>nstant    (AVMULT)   which   is   multiplied   by   the   average   thickness   tc>   determine   the   smooth-

ing   interval   in   columns   30   through  36.

(7)      Scale   factor   (SCALE)   which   is  used   in   the   plotting   subroutine   in  columns   37   through  43.

If  values  read  between  0  and  I,   use  scale   factor  of   I,   if  between  0  and  10,   use  scale

factor   of   10,    if   between   0   and   loo,   use  scale   factor   of   loo.

Variable   format  cards--The   third  and  fourth  cards  of  each  data  set  are  used  to  clef ine  the

format   for  reading  and  printing  the   data.     The   format   for   the  data   input  must   include  space  for

one   thickness   reading  and  one   value  reading   for   each  variable   in   each  sedimentary  unit.      The

forlnat   statement   for   the   data   output   includes   one   fixed-point   variable   (NUM)   for   the  unit   number,

the   thickness   of   each   unit,   TH(NUM),    the   cumulative   thickness,   CUMTOT(NUN)   and   a   value   I.eading

VAI.   (I,NUM)    for   each   variable.

I)ata  cards--Data  cards  follow  the   format   cards.     Each  data  card  contains   a   thickness  reading,

TH(NUM),    and   a   value   reading,    VAL(I,NUM),    for   each   val.iable.      The   number   of   data   cards   is   speci-

fied  by  NMAX  and  the   number   of   val.iables   is   clef ined  by   IMAX.      The   format   is  given   in   the   I irst

val.iable   format   card.     The  last   card  of   the   last   data  set  must   have  99   in  the   first   two  columns.

OUTPUT   FROM   TIME-TREND   PROGRAM

Input   variables--The   I irst   line  of   the  output   gives   the  variables  which  were  read   in  from

the  variable  definition  card.     A  com|)lete   listing  of   the  output   from  a  sample  run   is  given   in

Table   3.



Data--A   tabular   listing   of   the   data   is   printed  according   to   the   format   specif led  by   the

second   variable   format   card.      The   data   output   Includes   the   unit   number    (NUM),   cumulative   thick-

ness    (CUMTOT)   and   value   for   each   variable    (VAL).

Statistical   measures   of   the   data--The following   statistical   measures   based   on   the   average

values    (U)   computed   in   subroutine   SETVAL   for   each   variable   (I)   are   calculated   and   printed   by

subroutine   SMOOTH:

(1)      Location   number   and   variable   number.

(2)      Mean,   variance,   and   standard   deviation.

(3)      Total   sum   ol   squares   of   deviations   from   the   mean   and   the   number   ol   units   not   Including

covered   Interval.

Statistical  measures  of time-trend  curves--The following   statistical   measures   based   on   the

tllne-tl`end   curves   calculated   by   the   SMEQ   subroutines   are   printed   by   subroutine   SMOOTH:

(I)      Location,   variable,    and   smoothing   equation   number.

(2)      Total   sum  of   squares   of   deviatlons   from  tlie   time-trend  curve  and  number   of   graduated

values    (W).

(3)      Percent   of   the   total   sum  of   squares   of   deviations   from   the   mean  accounted   for   by   the

time-trend  curve.

Table   2.--An   example   of   Input   to   time-trend   program  used   to   smooth   a   sequence   of   alternating
limestone   and   shale.      A   value   of   10   on   a   variable   scale   is   asslgned   to   limestone
units,   0   to  shale,   and   intermediate  values   to  variations   in   between.      Thickness   ls
measured   in   centimeters,    and   smoothing   interval    (SMINT)    is   10.

01020304000600080000
51            I         80

(2F7.2)
( 15 , 3FIO . 2 )

11.30          10.00
11.20             I.00

2.80          10.00
15.40            0.00
10.10          10.00

7.50            0.00
5.40          10.00
6.30            0.00
3.10         10.00

17.80             I.00
5.80         10.00
3.40            0.00
9.80         10.00

14.00            I.00
2.10          10.00
8.80            I.00
1.40          10.00
4.60            0.00
1.80          10.00

16.90             0.00

0.00         10.00         0.00         10.00

5.70         10.00
24.70            2.00

99000000000000000000



Table  3.--A  listing  of  output   from  a  sample  r`in  of  time-tl.end  program  used  to  smooth  a  sequence
of  alternating   limestone  and  shale  layers.     Smoothing  equations  1,   2,   3,   4,   6,   and  8
are  used  ln  this  example.     Output  represents  a  small  portion  of  a  much  thicker  Beqiience
in  the  Richmond  Group,   Upper  Ordovlcian,   in  Southeastern   Indiana.

TH(NUM)          CUMTOT             VALUES

Ll.30                 I...30                 LO.00
11.20                2,.50                    I.00

2.80                25.30                10.00
15.40               40.70                  0.
10.10                50.80                10.00

7.50                58.30                   0.
5.40                63.70                10.00
6.30               TO.00                  a.
3.10                73'10                 10.00

17.80               90.90                  I.00
5.80                96.70                10.00
3.40            loo,10                 0.
9.80            log.90               10.00

14.00             12,'90                   1'00
2.10             126.00                10.00
8.80            '34.80                  I.00
I.40             136.20                10.00
4,60            140,80                  0.
I.80            142.60               10'00

16.90            159.50                  0.
2.40             161.90                10.00
6.20             160.10                  0.
I.80             169.90                10.00

21-90             191.80                   0.
2.20             194.00                lo.oO
4.70             198.70                  0.
4.80            203.S0                10.00

12,10             215,60                   0.
3.80             219.40                10.00
9.2C             228.60                   I.00
2.80             231.40                 lo.i/O
I.30             232.70                   0.
I..60             234.30                10.00
2.70            237.00                  0.
9.00             246.00                10.00
3.50             249.50                   0.
4.80             254.30                10.00
I.30            255.60                  0.
4.10             259.70                10.00

16.20             2T5.90                   6.00
8.30             284.20                10.00
2.00             286.2Cl
3.80            290.00
7.40            297.40

11.00             309.30
4.10             31,'40
4.20            317.60
6.40            324.00
4.60            328.60

23.40            352.00
3.30             355.30
7.70            363.00
2.70             365.70
2.90            368.60

12.10              38C.70
3.90            384.60

.80             385.40
6.40             391.80
2.60            394.40
I.50            395.90
I.60            397.50
4.ao            4o2.3o
4.00            406.30

.90            40T.20
I.60            408.80

0,
10.00

40             419.20                   C.
10            420.50               10.00
10            426.60                   0.
20            427.80                10.00

0            436.70                  0
442.50                10.00
447,00                  0,
455.80                  10.CO
463.80                  0.
467.50                  10.Cio



AT    LOCATION             51         F[J`     V^RIABL[-                 I

MEAN     =            4.01         VAfuANCE    =                        7.66         STANDAf)D    0Evl^TIC,N     =

TOTAL     SUM    0F     Sr}UARES    =                       405.94         `iuMfl:R    0F    uhllrs     =            54

8.0
I

2.0                      4.0                      6.0
-|llllllllllllllllllllllllRI



AT     L0CArloN             `ll          F`1,`     VAi`TABLF                  I          ANi)     SMooTHINr,     [o`/At-low

TOTAL     SUM     0f     SQUArlc=S     =                         lb6.06         NUMnER    I)I    UNITS     =             5.

PERCENT     rlr      rijTAL     SuM     uF     st)u^RFs     =     41.b?

2.0                      /,.0                      6.0                      8.0
11'1



AT     LocATloN            5i         Foe     vA.`iABLE                 I         AND     SMooTHINr,     EeuATlriN

TOTAL     SUY     GF     SOU^l<ES     =                          191.2t)         NUMBER     0F     UNITS     =             48

PERCENT     0F      TOTAL     Sum     i)F     SQUARES     =      53.01

|C.C
I

2.0                      4.a                      6.0                       8.0
1111
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AT     LoCATloN            5i         FOR     VARIABLF                I         ANT)    SMooTHING    EcuATloN

TOTAL     SUM    0F     S0uAf\ES    =                       198.31        N\"BEQ    0F    UNITS    =            46

PERCENT     0F     Tl)T^L     ``llM     0F     SCUARES     =     57.35

lc.C
I

2.r,                     4.a
[1

90.00
loo.00
Ilo.00
120.00           4
130.00           3

160.00           I
170.00           i
loo.00           I
loo.00          I
200.00          ?
210.00           2
220.00          J
230.00          4
240.00          5
?50.00          ,,
260.00          7
270.Oe           7
280,00           7
290.OC            '
loo.On         a
tlo.Ou          6
)20,00           ,+
130.00          3
340.00          ?
3 5 C' . 0 0
}60.00
370.00
380.00
390.00
400.00
410.00
420.00
430.00
440.00
450.00
460.00
470.00
480.00
490.00
500.00
510.00
520.00
530.00



AT     LOCATloN             51          ri)R     VARIABL[                   I          AV0     SMC)OTlillJr,     EQUATloN

TOTAL     SUM     0F     SQUARt:S     =                          ?C?.85         NUMBER     IJF     UNITS     =             42

PERCENT     or     TOTAL     SUM     `iF     s\iuAi!+s     =     64.?5

10.a
(

4.0                     6.0                     8.0
111



AT     locATI0N             51          FOR     VARIABIF                  I          ANl)     SMOOTHING     EQUATION                 f2

TOTAL     SUM     0F     SOU,`RES    =                         lc.1.5?         NUMBER     UF    UNITS     =             38

PERCENT     0F     TOTAL     SUM    CF     S0lMP`ES     =     C,7.04

T         DEPTH         VALUE
10.00       -I.CO
20.C'O       -I.00
30.00
40.00
50.00
60.00
70.00
00.00

-I.00
-I. 00
-1.00
-I.00
-1.OC
-I.00

90.00          3.68
loo.00         4.19
Ilo.00          3.98
120.00           3.44
130.OC            2
140.OC            2
150.00           ?
160.00
170.00
loo.00
loo.OC
200.00
210.00
220.00
230.00
240.OC
250.00
260.00
270.00
2ao.00
2 rJ 0 . a C
300.00
310.00
320.00
330.00
340.no
3 5 0 . 'J 0
360 . 00
370.00
380.00
390.00
400.00
410.UO
420.00
430.00
440.00
450.00
460.00
470.00
480.00
490.00
500.00
510.00
520.00
5 30 . r\ 0

2.0
I

4.0                    6.0
[1

8.0
(

|O.C
I



Graduated  values and  plot   of   time-trend  curve--The graduated  values   (W)   calculated  by  the
SMEQ  §ubroutines  are  printed  and  plotted  by  the  PI.OTl  subroutine  which   is  called  in  subroutine

SMOOTII.      Each   line   Includes   the  unit   number   (K),   the  cumulative   thickness   for   the  smoothing   inter-

val   (C"INT),   and  the   graduated  value   (W).      The  graduated  value   (W)   is  plotted  as  a   period.     The

plot   is   60  spaces  wide,   but   this  can  be  varied  by  modifying  the  format  statements   j`n  subroutine

PLOT| .

APPLICATIONS   OF   TIME-TREND   PRcORAM

Time-trend  analysis  has  been  used  extensively  by  Vistelius   (1961)   for  correlation  of  sedi-

mentary  deposits   in  Russia.     Vistelius  uses  a  single  parameter  such  as  grain  Size  or  porosity  for

corl`elation  between  adjacent  measured  sections.     The   time-trend  curves  are  based  on  observations

taken  at   equally  spaced   intervals   throughout   the  section.

An  earlier  version  of   this  program  has  been  used  by  Fox  and  Brown   (in  press)   for  plotting

smoothed  curves  used   in  the  environmental   interpretation  of   limestones.     Trends   in  the  littlology

of   the  limestones  are  compared  with  trends   in  fossil   distz.ibution  and  thin-section  data  are  used

to   interpret   energy  levels   in   the   depositional  environlnent.

The   program  §houla  have  wide   applicaLtion   in  many   stratlgraphic   studies.     The   time-trend

curves  can  be  used  fc>r  correlation  and  envil`onmental   interpretation  in  any  sequence  of  sedimentary

rocks.     By  using   the  percent   of  the   total   sum  of   squares  as  a  measure  of   the  amount   of  the  total

variability  accounted  for  by  each  of   the  curves,   it   is  pc>ssible  to  study  the  size  and  distribution

of   sedimentary  cycles   within   the   sequence.
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THE  UNIVERSITY  OF  KANSAS,   LAWRENCE

PROGRAM  ABSTRACT

Title  (If  subroutine  state  in title):

FORTRAN   and   PAP   Program   for   Calculating   and Plotting   Time-Trend   Curves

Computer'          IBM   7090-7094

Programming  language:

Author,  organization.

hate:          August.    1964

William   T.    Fox,   Department   of   Geology

Williams   College,    W|1lia.mstc>wn,    Massachusetts

Direct  inquiriesto:       Author   or   Dan

Name:    William   T.    Fox Address;       Department   of   Geology

Williams   College,    Williamstown,    Mass.

Purpose/description.   The   program   is   used   to   compute   and   plot   a   series   of   smoothed   or   graduated

curves   based   on   a   sequence   of   geologic   observations   taken   from  a   traverse   or   stratigraphic

section.      Nine   smoothing   formulae   are  used  which   correspond   to  cycles   of   Increasing  magni-

tude  within   the   data.      The   total   sum  of   squares   of   deviations   from  the   smoothed  curve   is

used   to  compute   the   percent   of   total   variability   accoui`ted   for   by   each   curve.

Mathematicalmethod:    Least-squares   analysis   is  used   to   fit   a   series   of   third-order   Dolvnomials

to   the   data.

Restrictions.   range: The   program   is   limited   to   500   observations   on   each   of   10   variables,   but   can

be  modified   to  handle   500   observations   on   30  variables   or   I,500   observations   on   10  variables.

Storage  requirements: Program  uses   24,757   stora
runs

Equipment  specifications:

Memory  20K

(7090-7094   with   32,000+   locations   of   high-speed   memory)

40K                                                 60K                                                 K

Automatic  divide.      Yes                    No                                                                   Indirect  addre§sii`g:    Yes                      No

ChhL`r  special  features  required

Additional  remarks  (Include  at  author's  discretion:    fixecl/float,   relocatability;  optional:   I.unning  time.   a|)1)i'ox`miite

iiiunl)cr  ol  limes  rini  successlull}     programming  hours) Compiles   from   FORTRAN   and   PAP   source   decks   in

4.80   minutes.      The   running   time   is   about   2  minutes   to  compute   all   nine   curves   for   loo

observations   on   a   single   variable.      The   program  has  been   successfully   run   several   times

on   the   7094   computer   at   M.I.    T.
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