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FORTRAN  11  PROGRAM  FOR  STANDARD-SIZE  ANALYSIS  OF  UNCONSOLIDATED  SEDIMENTS

Using  an  IBM  1620  Computer

by

Jack  W.   Pierce  and  Donald  I .  Good

INTRODUCTION

This  program  computes  the  mean,   standard  deviation,  skewness,   and  kurtosis  by  the  method  of moments  for

size  distribution  of particles  as  determined  by  standard  sediment  analysis.    SpecificaHy,   it  analyzes  Recent

sediments.    Both  sieve  and  pipette  cinalyses  were  performed.

The  method  of  moments,  although  the  most  concise  method  for determination  of  the  mecln,   standard  devi-

ation,   skewness,   and  kurtosis,   has  been  little  used  because  of  computational  time  involved.    Trask  (1932),

lnmcin  (1952),   and  Mason  and  Folk  (1958)  proposed  the  use  of graphical  methods  to  describe  the  size  distribution

or  to  obtain  approximations  of the  parcimeters.    The  method  of  moments  is  limited  in  that  distribution  must  not

be  "open-ended, "    fhaf  is,   only  a  very  minor  portion  of  the  material  can  be  outside  the  range  of  the  analytical

technique  employed .    This  might  occur  only  when  ci  significant  portion  of the  sample  occurs  in  the  finer  pclrt

of the  clay-size  range .

The  program  gives  information  about  the  sediment     in  add:tion  to  the  four  size  parameters.    Pcirt  of the

output  is  the  fraction  of the  total  sample  in  each  size  class,  and  allows  the  user  to  plot  a  cumulative  distri-

bution  curve  or  a  histogram.

According  to  Shepard  and  Moore  (1954),  the  percent  of one  or  more  "coarse-fraction"  components  in  the

tofc]l  sample  is  indicative  of  the  environment  of deposition.    The  method  of  "coarse-fraction"  analysis  is

discussed  by  Shepard  (1963,   p.149).    This  program  calculafes  the  fraction  of  total  sediment,   in  the   larger-

fhan-silt-size  frc]ction,  made  up  of  ten  different  components.

Pclrt  of  this  program  computes  the  size  parameters  for  the  distribution  of  minerals  resistant  to  weathering

in  the  sed:ment.    Some  components of  the  sediment,   such  as  shell  fragments  clnd  plant  material,   did  not  undergo

extensive  transport  before  deposition .    Therefore,   it  is  desired  to  examine  the  distribution  of  the  tronsporfed

material .

Although  the  program  was  wr:tten  for  a  specific  geologic  problem,   no  modifications  would  be  necessary

for  a  genercil  size-analysis  problem.    Slight  modifications  would  allow  it  to  be  used  for  any  problem  computing

the  mean  and  associated  parameters  by  the  method  of  moments.
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MATHEMATICAL  DESCRIPTION

The  most  ciccurate  method  to  obtain  the  mean,  standard  deviation,   skewness,   and  kurtosis  for  any  series

of grouped  measurements,   is  the  method  of  moments.    This  program  is  based  upon  the  moment  method  for

ccilculating  the  statistical  parameters.

The  weighted  cirithmetic  mean, ir,  of a  series of  related  measurements,   is  defined  as

k

=  =   :   Z  i(xi,xi     .
i=1

(1)

For  sediment-size  analyses,   n  is  the  total  weight  of  the  samples;  f(xj)  is  the  weight  of a  single  size  class;  x:

is  the  midpoint  of the  same  size  clciss  in  phi  scale  units;  and  k  is  the  fatal  number  of  size  classes.

The  sample  standard  devicition,  s,  taken  as  the  square  root  of  the  sample  variclnce,   is

(2)

Skewness  and  kurtosis  cire  associated  with  the  third  cind  fourth  moments  about  the  mecin,   but  have  been

defined  by  different  authors  in  severcil  ways.    For  the  purposes  of  this program,  skewness,   Sk,   is  defined  as

Sk=±   £     f(x,)(xj_*)3
EL

'  Ku - i

(3)

(4)

and  kurtosis,   Ku,   as

The  fraction,  y,,   of the  total  sample  in  a  single  size  class,  f(x:),   is  given  by

y, - jl
n (5)



The  fraction,zj,  of  ciny  coarse-fraction  component  in  the  total  sample  is  given  by

z.=+      piif,xi,          ,zi=4

i=1

(6)

where  p:i  is  the  fraction  of  the  constituent  in  a  single  class,   f(x:)  is  the  weight  of  this  size  class,   cind  n  is  the

totcil  weight  of  the  sclmple .

LISTING  OF  NOMENCLATURE

AB
AMPHI   (I)
A'
A2
A3
A4
A5
A6
A7
BEAK
BEAKR   (I)
CAGG  (I)
CLPCT
CURT
DIY
ECH   (I

:#€8((11))
FPPCT  (J)

FRNT
FRPCT
GR
I

lM
J
K

PMPHl  (J)  -XMEAN.

%:i8:in:f°sfh:,i'a%'gems::tvse:;i:es:Cn'ga,S:!i:vpeh_'s,Uzne:t;)ass.

§!:§ii§iieiui::u::a;;:i:jiuiije::::g;r::;:;aoa:a:sS:::::i:e;es::;:;:ji:-s::::i:e;:;::a!jc;,:as:lass

W::g:::i:hceh,cnoojfap[::e:snafg,:ph:i::,tnotaa,s:snagL;,::ewvaes_*::g::ads:.

F¥::;:;::od:fftrtm:affr:;:i:nf#y¥%h:i:C:har:ae;;:enveofsr,ancgt,,eo:::::_::ez:eghcf:s.s.
Kurtosis,    Ku.
Reciprocal  of  the  sum  of  the  net  weight  of all  size  clcisses,   1./SUMFR.
Estimated  fraction  of echinoid  plates  and  spines  ;n  a  single  sieve-size  class.

i::i::;:g,rr:::ii:::,Leur:ufsiiTto:snggcg,raeyg,ai:sai:i:gs,:ngi,:vsei:sviez:sicz,eas:I.ass.
Frclction  of  material   in  a  single  pipette  interval .
Gross  weight  of  the  sediment  in  one  sieve  interval .
Net  weight  of  a  single  sieve-size  class,   FRGRS  (I)  -BEAKR  (I).
Fraction  of  material  ln  a  single  sieve-size  class.
Weight  of  the  total  sample.
Reference  for  the  sieve-size  range .
The  number  of  sieve  classes  less  one.

&e:eoruenntce: :::tt?:e?[tpheettdea-,Sjzoeu;::g:;  the  sample  number.    |t  increases  by one  each  time  new

L                            i::epJefodra:Gal::uriea:fn;ntw°e;::tp:%raacmh. p ipette  fract ion.

%M                   #=:&r :f:p:;;in::e,:S:i;::C;i;S:e:St;:e?eR:s:,di#:r ,sa=m3\eif pipet,es c,re present.
OPAQ  (I)              Estimated  fraction  of opaque  minerals  in  a  single  sieve-size  class.
ORG  (I)               i::i:::;:: tf[::ts'h°onw°sf,°hr8apnr:CseT::e:ira:i:e:cS:nogf'ea sj:pveet;:'Zaenoci'yassiss..    zero  (o)  indicates pipette
P

PCAGG            i§j:{i;b§e§nit'ie!uii:y::€a;:i§::i::a;::§ji:a:;)!i§::s:ii:'S:th::tsai,i;P:'';°:a:i;Temp 'e
PECH

PFAGG
PFMUD

3LFFH: (i,,       f::i;ijii::;,e;ta;:iaii:::!e;g:::ieiri;;ri:iai:ie::ts:::;iii:s;!a[;p;|!:::s,,:ev::::i:o: ,ass
PIP  (J)

POPAQ
PORG
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:aLTF2G                  Fractionofplclnt  fragments  inlhetotal  sample.

3cTAZGt3           i;i::jo*:ejrjh:::;r!h;r:qiuiin=;:s;a;gi!{§o:::;oe!:i:sn{:j¥fee;:i,ezefr:::;:ns

PSHELL
PYQTZ

§%€T                   Fraction  of  material  in  sand-size  range.

!Ljth(,,         i;ti:a;te!!:fr!;;io;i ;jsie;r::in#o!s;ittg:c:,a:y:i:,s;p::gijes::ifree::::!s;;:i::cnc:si::s:,ons

SFAGG
SFMUD

Standard  deviation,  s.

SIGMA3                (SIGMA)3,  cube  of  standard  deviation.

SIGMA4                (SIGMA)4,  standard  deviation  raised  to  fourth  power.
SKEW                        Skewness,   Sk.

§i:§iTS:          ii:;;:;ieii:ft;;;;iehiri:aii:;;;i:;;;u::;iijei:i::;:;z;;n:i:;n§:i,:::;;:::::fr;;:r;;:::;::;s;s:t'°n ne' We'ghts
SUMFR                    Sum  of  the  net  weights  of all  sieve-size  classes.
SUMFRI                 Sum  of  the  net  weight  of  sieve-size  classes  with  the  sum  of pipette  weights  substituted  for  the

!8#yp            !iLMW&ef#si:;;eip:e:tnefLaecit::fs..

;gMX!             ;:: :: ::ig::: :: :iz: ;r`aa;::;nm:lt,iti;i,::db
frac f ion .

SUM2A
M

4f(xi,,xi-=,2    .
i=l

SUM2B
SUM3A

SuM3B
SUM4A

mid oint  of the  respective  sieve-size  class.
point of the  respective  pipette-size

Intermediate  step  for  standard  deviation;  applicable  fo  sieve  analysis.
Same  os  SUM2A  except  in  the  pipette-size  range.

M

4f,xi,(xi-=,3     arl

!not::maesd;auteM3t;pe:ocre;lei:ntehs:,p:3::;::Pi'zeet:a:igeev.eona,ysis.

::ajc:;[eas#¢o;{j,:eL£;c;:;h;:,i;s#:sjtua:a:r;a;;:,;E¢::;;::;:e:;e;::,;:a;:yns,s
The  mean  of  the  size  distribution,   x.
Estimated  fraction  of  yellow  quartz  in  ci  single  sieve-size  class®



RELATION  OF   LABORATORY  TECHNIQUES  AND  PROGRAM

Standard  sediment-analysis  techniques  were  employed  to  generate  data  input  for  this program.    Deloils of

these  techniques  are  discussed  in  Krumbein  and  Pettiiohn  (1938)  and  Milner  (1962).

The  sample  and  associated  weighing  vessels  were  weighed  to  the  nearest  milligram.      Sand  and  lclrger

size  material  was  sepclrcited  into  1/4  phi-or  1/2  phi-size  fractions  by  sieve  analysis.    The  program  is  designed

to  accommodate  any  number  of  classes  up  to  22.    The  material  in  each  size  class  and  associated  weighing  vessel

was  weighed  to  the  nearest  milligram.

For  mclterial  finer  than  sand  size,  pipewe  ancilysis  was  used  to  determine  the  amount  of  material   in  the

following  size  ranges  (in  phi-scale  units):   4.0  to  4.5,  4.5  to  5.0,  5.0  to 5.5,    5.5  to  6.0,  6.0  to  7.0,  7.0

to  8.0,   8.0 to  9.0,   and  less  than  9 phi.    Each  20-milliliter aliquot  portion  was  weighed  to  0.1  milligram.

Wet  sieving  was  used  to  separate  the  sand  and  larger  size    mclterial  from  the  mud  before  sieve  or  pipette

analyses  were  ri)n .

No  material  remains  in  the  pan,  after  sieve  analysis  if  a  satisfactory  separation  of  the  fines  is  accomplished

by  wet  sieving .    Although  the  weight  on  the  pan  fraction  is  zero,   it  must  be  entered  in  the  data  input  os

0.0000.     Unless  this  is  done,  the  sum  of  the  pipette  weights  will  be  substituted  for  the  next  larger  size  class

and  erroneous  answers  will  result.

Sodium  hexametaphosphate,  with  a  concentration  of 0.33  grams  per  liter,  was  used  us  a  dispersant.    This

concentration  gave    0.0066  grams  of  dispersant  per  20-milliliter  aliquof  portion.    If  a  different  concentration

of  dispersant  is  used,  the  appropriate   value  must  be  substituted  for  0.0066  in  program  statement   174.

Sand  and  larger  size  fractions  were  recombined  into  1  phi  classes  after  sieving.    These  were  examined

under  a  binocular  microscope  and  the  percentage  of  10 different  components  was  estimated  for  each  size  class.

Type  of  components  selected  is  immaterial;  types  significant  fo  the  study  are  used.      If  less  than   10  components

are  used,   the  extra  places  ore  left  blank.    In  this  study,   two  types  of  quartz,  opcique  minerals,  shell  fragments,

decaying  organic  matter,   clcly  aggregates,  ferruginous  aggregates,  plant  fragments,  echinoid  plates,  cind  mud

were  used .

Although  estimates  were  mode  on  the  recombined  l-phi-size  classes,  the  fractional  figure  must  be  given

for  each  size  class  for which  there  is  data.    It was  assumed  thcit  the  estimates  for  the  material  in  a  1-phi-size

class  applied  equally  well  to  all  parts of this  class  before  recombining.

MAJOR  STEPS  IN  THE  SIZE-ANALYSIS  PROGRAM

Maior  steps  in  the  program  are  shown  on  the  flow  chart  (Fig.I)  and  are  described  below.    Statement

numbers  refer  to  those  in  the  detailed  program  (Table   1).

5



Figure   I.  -Generalized  flow chart for standard-size  analysis program.
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(i!       i:;:i::i!m;io:jn:d:;i;b:;ia::!y::p;f,::e;in;;;:i;I:eki::i:;:iijn:;h:,::;fget::eijo:;hebnittj:en gross samp ,e we ,ght and sum of

(5)           lfcontrol  card  indicates  data  from  a  pipette  cinolysis,   continue  to  (6);  if  no  pipette  data,  go  to

(9)         ;8u!j:;;i:i:mi:na:C I:7:°np. jopfe:::Ot:?gmhF:ef;r ;::ghh? :opfe;'aen-Sf:rzaec,C::ans,S 'wS;:::ms:::Si d' 7b4e tzh::ou;g :ta2t°e5m.e nts 225
through  246.

(:I     i;:'!ju;g:I:;¥n:I:o:f:e:a:c:h:i::;:::s:t_:f;ajc:t:§o!nd:e:v::sit::;:::s::n:;|;;|Z:e:;;::,iss:i;::';:sa:;::n:::;?:e:':eh::/a:gafh:e:2;9:e;n:t; :2;;o
(12)

2);  if  it  has,   go  fo  (15);    statement 535
ate  and  pun-ch  fraction  of  total  sample  made  up  of  each  coclrse  fraction  component;  statements

540 through  745 .

i I 3,       i:s:::s:I:t:oefj3e[,,er;5;;:St:Zperocg,raas: tthheroau::Utnttt ;.I n;T,recsj::auT: tToa::rt:ha:]s i ::seenuts,es:an,,eym,ehnet r6e:gs.,a n I in , ne I_

(15)         ls  there  data  for  another  sample  ?    lf  so,   go  to  (3);  if  not,  go  to  (16);  statement  755.
(16)         End;statement760.

Table   1.  -Listing  of program  for  standard-size  cinalysis  of  unconsolidated  sedimenfs.

C                      THls     PRUGr<AM      Is     i>EslGNED     Tcj     cc,itlpuTE     iviEAN.     sTANDAl<D     L>EvlATloN,

C                    SKEWNESS.     KURTOSIS.     SAt`D     PEkcEi`T.     SILT     PERCEl`T.     CLAY     PEf<CEl\T.     AND
C                      PERCENT     OF     COARSE      FRACTIONS     0F     SEDIIviENT     DATA     USING     PHI      5!ZES     VS

C                     WEIGHT     PERCENT.
C                     PRC/GRAlvii`IED     IN     F.RTRAN      11      Fur<      lt)i`I     |620     cjY     J.     PIERCE     AND     D.     GOOD

C
5     DIMENSION     FRGRS      (22}.      BEAK`r<      (22).      PIP      (8),      Aiv`PHI       (22).

IFRNT       (22).      WTPIP       18).      FkrJCT      (22).      FF'PCT       (a).      P:/lt>ril(8).      iiTZ       (22).

2YQTZ(22).     OPAu(22).      SHELL(22).     ORG(22).     CAC]Cj(22).     fA(jG(22).

3PLFRG(22).     FMUD(22).      ECH(22)

15     K     =     0
20     READ     25.     N
25      FORMAT       (15)

30     K     =     K+      I

35     DO     54     I      =     1.22.1
40     FRGRS     (I)     =     0.0
45     BFAKR      (I)      =     0.0
50     AMPHl      (I)      =     0.0
51     FRNT      (I)      =     0.o

FRPCT(I)      =     U.u
OTZ      (1'      =     0,1,
YOTZ      (I)      =     |).u

OF'AQ     (!'      =     0.0

SHELL     (I)      =    0,0
0RG     (1'     =    0.0
CAGG     (I)     =     0.0
FAGG     (I)     =     0.0
PLFRG     (I)     =     0.0
FMUD     (I)      =     l),u



54     ECH      (I)      =     0,0

55    DO     63     J     =     1.8.I
60     PIP     (J)      =     ()ol)
61     PMPHI      (J'      =     0,0
62     WTPIP      (J)      =     0,0
63     FPPCT     (J)     =     O.u

65    READ     7i).     GROSS.     bEAK.     M
70     FORMAT      (2F|u.3.15)

74     DO     75     I     =     1.M.1
75     READ     80.      FFiGf{S(I).      BEAKR(I).      AMPHI(I   )

80     FORMAT     (2FIO.3.F7.2)
81     READ     82.     P
82     FORMAT      (F1.U)

83     lF     (P    -1.)     94.    85.    94
85     READ     90.      (PIP(J).     Pl.`ipHI(J).     J     =     I.8.1)

90     FORMAT     (4(Flo.4.     F8.2))
94    DO     951      =      I.M.1
95     READ     lou.              QTZ      (I).      YUTZ      (l}.OPAu(I).SHELL(I),Ot{G(I)®CAci(;(I),

1FAGGII).      PLFRG(I).      FMUD(I).     ECH(I)

loo    FORMAT     (1.F5.2)

105    LL     =     0
lllJ     SMPNT     =     C]ROSS    -     BEAK
120     D01251      =      1®M.      I

125     FRNT      (I)      =     Ff?GRS      (I)      -t3EAKFi      (I)

130     LL     =     LL    +     I

135     SUMFR    =     0.o
140     DO     145     I     =     1.M.1

145     SUMFR     =     SUMFR     +     FRNT      (I)

150     IF     (LL     -2     )      155.170.170
155    SIOSS    =    SMPNT    -    SuMFR
156     PUNCH     157
157     FORMAT      (30H                     SUMFR                         LOSS                K             LL          )
160    PuNCH     165.     SUMFR.     5LOSS.     K.     LL
165     FORMAT      (2FIO.3.      215)

170     IF     (P    -1.1250.174.     250
174    WTPIP(8)     =     50.u    +     (PIP(8)     -0.00661
175    J    =    8
180    J    =    J    -1
185    L     =    J    +    1
190    WTPIP     (J)     =     50.O#(PIP     (J)      -PIP     (L)      )
195     lF     (WTPIP     (J)1200.     205.     205
200    WTPIP     (J)     =     0.0
205     IF     I     J    -I)     210.     210.180

210     IF      ISENSE     SWITCH     1}      211.     225
211     PUNCH     212
212     FORMAT      (/17H                 WTPIP(J)             J                                 )
215    PuNCH    220.     {WTPIP(J).     J.     J    =     I.8.1)
220     Fof{MAT      (5(F12.4.14))

225     SUMWP     =     O.o
2?0    DO    235    J    =     1.8.1



235     SUMWP     =      SUMWP     +      .^'TPIP      (J)

24.     SU,`1FR1      =     SuMFR     -FRNT      L'tl)      +     SIJi``iwp

245     SUMFR     =     SUMFRl
246     FRNT      (M)      =      Su,MWP

DIV     =      1.u     /     SUMFR
PIJNCH      25?

FORivAT       (/3uHFRPCT(I)               K          LL I          4     ACRO`SS

DO     26u      I      =      1.M.I
FRPCT       (    I)        =       FiRNT       (    I).}L)lv

PUNCH     :-/'Ji       (Ft`PCT(I).      K.      LL.       I.      I      =      |ilv\.|t

FORMAT      (4(F8.4.      314)1

IF      (P     -1.)     Z95.     276.      ?95

276     PIJNCH     277
277         FORMAT      (/35HFr/rJCT(J)             K             Li            I         4     ACRoSS

280    DO    285    J    =     I.8.1
285     FPPCT      (J)      =      w'TPIP      (J)#DIV

290     PUNCH     27U.      (FPPCT(J).     K.     LL.     J.     J     =      I.8.11

295     SDPCT     =     0.0
300     lM    =     M    -I
305     DO     310      I      =     1.      IM.1
310     SDPCT      =     SDPCT      +      FRPCT      11)

311      IF      (P     -1.)      343.      315.      ?4L-}

315    SLPCT     =     0.0
320    DO    325    J    =     I.6.1
325     SIPCT     =     SLPCT     +     FPPCT      (J)

330     CLPCT     =     O.r)
335    DO    340    J    =    7.8.1
341)     CLPCT     =     CIPCT     +     FPPCT      (J)

GO     TO     341
343     SLPCT     =     0.1)

CIPCT     =    0,0

341     PuNCH    342
342     FORMAT      (/40H                         SDPCT                SLPCT                     CLPCT
345     PUNCH     35u.     SDPCT.     SLPCT.     CLPCT.     K.     LL
350     FORMAT      (3FIO.4.     215)

355    SUMX1     =     a.0
360    SuMX2    =    0.0
361     IF     (     P-I.0     )        364     .    362.     364
36?     MM     =      'M
363    G0    TO    365
364     MM     =     M
365     DO     370     I     =     1.MM.1
370     SuMxl     =     SUMxl     +     FRNT      (I)*^MPHI      (I)

375     lF     (P    -1.)     390.     38U.     39U
380    DO    385    J    =     1.8.I
385     SUMX2     =     SUMX2    +     PMPHI      (J)*WTPIP     (J)
390     SUMX     =     SUMxl     +     SUMX2

395     XMEAN     =     SUMX*DIV

400    SuM2A    =    0.0

9
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405     SuM3A     =     .J.')
410     `SUM4A     =      r'.i.il

4i5     r>0     4351=      I.     I+,M,      1
42u      SuM2A      =      SuM2A+      FRl\T  11   )iS(AIJIPHI   (   I   )-Xi`iEAl`)it(Alv'PHI   (   I   )-X,`/IEAN)

425     sulvi3A     =     suiM3A+FRNT  (   I   )  if  (  AMPHI   (   I   i  -XMEAN  I  if  (  Ai/,rjH  I   (   I   i  -x,,,E  \t\  t  -*   I  ,`+,,iLiH  I   t   I   i

I     -XMEAN'
435     SuM4A     =     si/M4A+FRNT  i  I  )  *  (  AMPHI  (   I   )  -x,vitAt`  )  *  (  A,vltJH  I  (   I   I  -x,.  :-.  ,^i\  t  x-t  i\  .,in  I  (   I   )  _

lxMEAN  )  +  (  AMPH  I  (   I   )  -XMEAN  )

440    SuM2B    =    0.0
445     SUM3B     =     1).0
450    S`JM48    =    0.0

455    IF     (P   -I.)    485.    460.    485
460    DO    480    J    =    I.8.I
465     AB     =     PMPHI(J)     -XMEAN
47J     SuM2B     =     SUM2B    +     WTPIP     (J)ilA83{AB
475     SUM3B    =    SUM3B    +    WTPIP     (Jl*AB*AB#AB
480     SuM4B     =     SUM4B     +     WTPIP(J)#ABj{ABJ{AB#Ar}

5oo     `slGMA     =     SORTF     (suM2#r)Iv)
5o5     SIGr.iA3     =     s[GMA3€slGMAi€SIGMA

510     SIGMA4     =     `r,lGMA3fsIGMAi+C,IciM^*SIGr,lA

515     SKEW     =      (O.5*SUM3*DIV)/SIGi.vlA3
52o     CURT     =     u.5Ji(((SUM43tDlv)/slGM;`4t     -?.r)i

521    PuNCH    522
522     FORMAT       (/5C;tl                       XMEAN                       SIII'`l;.i                            SKEW

525     PUNCH     530.      XMEAN.      SIC.vlA.     Sh`Lw.     CljRT.      K.      LL

530     FORMAT      (4FIO.3.      215)

535     ]F     (LL-21540.755.755
540    SOTZ    =    0.0
545    SYOTZ     =     iJ.0
55u     SSHELL     =     C..\)
555    SoPAo    =    I.r)
560    SORG    =     0.0
565     SCAGG     =     \).11

570     SFAGC.     =     0.C\
575     SPIFRG     =     `1.t'J
580     SFMUD     =     e.r`
585     SECH     =     0.Ci

590     DO     68U     I     =     1.M.I

595     S®TZ     =      SOTZ     +     QTZ      (I)itFRNT(I)

6U0     SYOTZ      =      SYOTZ     +      YOTZ      (I)3tFRNT(I)

6i')5     .jc)PAO     =     SOPAO    +     OPAQ(   I   )*FRNT(   I   )
610     A1       =      SHELL(I)i+FRNT(I)

615     `r)`SHELL      =     S`C)HELL      +      A|

62U      A2      =      OF{C](I)*FRNT(I)

625     €>C)RG     =     SORG     +     A2

63u     A?     =     CAGG(I)#FRNT(I)

6?5     .SCAGG     =     SCAGG     +     A3
64')     A4     =     FAGG(I)#FRNT(I)

4/t5     `C,FAC]C,     =      SFAGG     +     A4

650     A5     =     PLFfiGll)¥F.RNT(I)
655     SPLFRci     =    SPLFRG    +    A5

'0

CuRT                 K             LL          )



660     A6     =     FMUD(I)      jf     FRNT(I)

665     SFMUD     =     SFMUD    +     A6
670     A7     =     ECH(I)*FRNT(I)

675     SECH     =     SECH    +    A7
680    FRNT     (I)     =    FRNT(I)     -A1-A2-A3-A4-A5-A6-A7

685     POTZ     =
690    PYQTZ
700    PSHEIL
71)5     POPAO

71u    PORG     =

715     PCAGG

720    PFAGG
725     PPLFRG
730    PFMUD

SOTZ*DIV
SYOTZ*DIV

=     SSHELIJtDIV

SOPAO*D  I  V
SORG*DIV

SC AG Gil D  I  V

SFAGG#DIV
=     SPLFFiGtlDIV

SFMUD     *     DIV
735    PECH     =     SECH*DIV
736    PuNCH    737
737     Fur<iJIAT(/80H            tJUT£         HyuTf         r>uHAu    LlsriELi.            r'u,`U         L'|Auu        Pt-AUG     PPLFR

|C.         PFMUD             PECH                 K             LL)
740    Pul`CH     745.     PQTZ.     PYUT4.     tJuPAu.     H5HiLl.     Put<u.     L'CA`]G.     PFAGci.

IPPLFRG.PFMUD.     PECH.     K.     LL
745     FORMAT     (1uF7.4.215)

750     IF     ILL-2)      130.755.755

755     IF     (K-N)     30.     756.756
756    TYPE     757
757     FORMAT      (7HTHE     END)

758     GO     Tr\     15

760     END

INPUT  TO  SIZE-ANALYSIS  PROGRAM

The  specific  form  of  dcita  input  for  each  sample  may  range  within  certain  specified  limits.    These  limits

are  explained  in  the  input  form  below  and  are  allowed  by  control  statements  in  the  program.    A  listing  of

input  for  two  sample  problems  is  shown  in  Table  2.    The  first  data  card  immediately  follows  the  last  card  of

the  obiect  deck .

First  header  card.

Second  header card .

First  set  of  M  cards.

Value  of  N,  the  number of  samples  to  be  processed.    This  is  an  integer  with  the
last  digit  in  column  5.

i;::u:iafs::sg;::Sa::rR[:nw6e2g:::r:°nrse.W8jrgot::afmwp::g*jen,gghv,e,SS3'koasnsd,ntuomtbh::e°f

i;i'FjaJbope'r3°:d:es:,;z:eac:a,iolsi:n;,s,]*°::i:::::geelri,:in6mc;oi,tui:t:h::2i,ne_C:i;al#,:h#,:aes::d:jg:hr''
in  column  25 .

Values  of  FRGRS(I),   gross  weight  of  a  size  class;  BEAKR(I),   weight  of  weighing

;i:i:i:eaa:n:d:_;I:e::!i's|s;::T:i::;:nzteiiii::Zeea::in:agbnee;rc::fr!::ad:sntit;:%:;ee:icz:e::Chl'f#:odi:

i,:,::!i:cfriju,s2i::a::;:':;::#h;e`nl:7e,:ni:t!!rfpi:#;:,:mA#u:i(ii:in:i!,hnp!C:oc:eu3Ten:sT:c:i',o:in::ehs,
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Third  header  card.

First  card  with  pipette
analysis  data .

Second  card  with  pi-
pette  analysis  data .

Second  set  of  M  cards .

Value  of  P.    This  card  s
analysis  is  indicated  by

presence  or  absence  of pipette  data.     No  pipette
ero)   in  column   1;  pipette  analysis,   by   1   in  column   1

#:,:a:;nj::;n:::i:,;oj:a:a;n:;i:jsif:,::::;d,::::::d£¥j§[:e:and:o::t:z:ed:re§c;::eznde;:::eat:fs;,:sf:,#u:ceu:r:d::,s:::ot

::azred:ia'st:tnheett::r'dghv'a?ufet,h:hf:r:te:'tqeui:th;ttohfetieec:encdo¥3':;ez'etch|easT,;dept°c'r'T°£eth'S
net  weight  of  the  sediment  has  the  form  of  xx .xxxx  and  the  midpoint,   x.xx .
The  decimal  points  are   located  in  columns  6,    16,   24,   34,   42,   52,   60,   and  70.

yhae'upe,poet,Tee'a:ae,:ygsi:.°fTsheedsfem::|upe'suiadj:P:I:a::mf:rf:ti::Ca:ntdh:°purre::;qu:0::r°df.

Pheecr:em:s'::aec:?a°rnd°f:re:::hs:s::ec:::SssC:Tdp:ieedn°ufm]b°erc::r::rfrsa:tj:tnacg::ep°wn,::ts.
M  from  the  second  header  card.    These  numbers  are  of  the  form  oo.xx  with  the
decimal  points  located  in  columns  3,   8,   13,    18,   23,   28,   33,   38,   43,   and  48
respectively.

INPUT  FOR  SAMPLE   PROBLEMS

Data  for  two  sample  problems  are   listed  in  Table  2.    The  two  problems  will  give  some  idea  of  the  varia-

bility  allowed  in  the  data  input.     Each  line  of  the  listing  is  one  punch  card.

The  first  data  card  indicates  the  number  of  samples  to  be  processed,   in  this  case,   two.    The  data  obtained

by  the  analyses  immediately  follow  this  card.

The  first  data  card  for  each  sample  contains  the  gross  weight  of  sample  plus  weighing  vessel,   weight  of

vessel,   and  number  of  sieve  classes  in  the  sample.    These  are  shown  on  lines  2  and  48  (Table  2).

The  next  set  of  cards,   equal  in  number  to  the  number  of  classes  shown  on  the  first  data  card,   contain  the

gross  weight  of  the  size  fraction  plus  weighing  vessel,   weight  of  the  vessel,   and  the  midpoint,   in  phi-scale

units,   of  the  size  class.  For  the  f:rst  sample,   there  are  22  cards  (lines  3  through  24);  for  the  second,    13  (lines

49  through  61).     Note  that,   for  sample  2,   on  line  61,   the  pan  fraction  will  have  a  net  weight  of  0.184  grams.

The  sum  of  the  pipette  weights  will  be  substituted  for  this  value  and  it  will  not  enter  the  computations  in  the

program.      This  illusfrcites  that  where  a  pipette  analysis  is  present,   as  in  the  case  of  the  second  scimple,   the

wet-sieve  separation  of  the  mud  and  sand  must  be  thorough.

The  next  card,   on   line  25  for  sample   I  and  line  62  for  sample  2,   is  a   control  card  indicating  whether  a

pipette  analysis  was  made.    No  pipette  data  are  present  for  the  first  sample,  as  indicated  by  a  zero  (0)  in

column   I.    The  numeral   1   in  column   1  on   line  62  indicates  that  a  pipette  ancilysis  was  performed  on  the  second

samp le .
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If  a  pipette  analysis  wcis  made  and  so  indicated  on  the  control  card,   lhe  next  two  data  cards  contain  the

results  of  the  analysis  as  shown  for  the  second  sample,   lines  63  and  64.    Four  weights  and  associated  midpoint

of the  size  class  are  punched  on  each  card.    The  program  allows  for  a  maximum  of eight  size  classes  to  be

differentiated  by pipette  analysis.

These  two  cards  are  absent  from  the  data  deck  if  the  control  card  so  indicates,   as  shown  for  the  first

sample.     No  pipette  datci  are  present  for  this  sample.

The  next  set  of  cards,  equal  in  number  to  the  number of sieve  classes,   contains  the  decimal  fraction

estimcites  of  10  components  in  the  sieve  classes.    There  are  22  cards  for  the  first  sample  (lines  26  through  47);

13,   for  the  second  (lines  65  through  77).      Although  space  is  allotted  for  10  different  categories,   only  4,   af

most,   have  been  used  for  each  size  class.    The  last  card  of the  series  for  both  samples,   indicative  of the

material  caught  in  the  pan,   shows  that  it  is  all  mud  (within  silt  or  clay  sizes).

Table  2.   -Input  for sample  problems.

2
102.299             50.000          22
28.956            28.674      -I.25
28.899            28.662      -0.8]
32.447             31.952       -0.62
29.542             28.802       -0.37
30.187             28.902       -0.12
33.856              31.954          0.12
31.812              28.820           0.37
36.874             32.071          0.62
36.965             28.61+]          0.8T
39.475              29.065           1.12
50.973             43.209          I.37
47.960             42.617          I.6?
46.010             42.840          1.87
I+1+.2]2             42.]89           2.\2
43.408            42.783          2.37
43.318             43.003          2.62
42.992             42.901          2.87
1+2.]98              1+2.]]0           3.12
43.270             43.260          3.37
42.859             42.855          3.62
42.960             42.957          3.87
28.992             28.888          4.25

0
1.00

98
98

.98
•98
•97
.97
•97
•97



70.796
28.718
2 8 . 7 1) 9
32,097
29.594
32,915
31.456
35.681
38,137
43.959
48.316
44.589
4?o347
42.979

•4292
•2438

83
•83
•83
.95
•95
•95
.95
.95
•95
•95
.76
•76

1,00
30.312            13
28.6]4      -0.25
28.662          0.25
31.952           0.75
28.902           I.25
31.954            1.62
28.820           1.87
3?,()71             ?.12
28.64]         2.3]
29.065          2.62
43.209          2.87
42.6\]         3.25
42.840          3.75
1+2.]89           4.25

4.25                 .3486             4.75                 .3114             5.25
6.50                 .2024             7.50                .1697             8.50

10        ,05        '02
•10        .05       .02
.10        .05        .02

•05
•05
•05
•02
•1)2

•02
•02

01
•01

I.00

FORM  or  oUTpuT

Output  for  this  size-Qncilysis  pi.ogrom  is  in  the  form  of punch  cords.    A  tabulation  of  the  output  associated

with  the  two  scimple  problems  is  given  in  Table  3.

Each  group  of output  voriables  is  preceded  by  a  heading  card  which,   in  most  cases,   is punched  with  a

symbolic  abbreviation  of  the  variable.    This  abbreviation  should  immediately  suggest  the  implied  meaning.

Blank  ccirds,   interspersed  throughout  the  deck,   as  part  of the  output,  provide  spaces  in  the  tabulcltion  to  in-

crease  legibility.
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The  maximum  number  of  cards  fo  comprise  the  output  for  one  sample  is  41.    Of  this  number,   10 are

heading  cards,  9 are  blank  spclcers,  and  22  contain  the  calculated  results.

The  first  output  card  is  a  header  card  containing  the  names  of  two  voriables:    SUMFR  and  LOSS.    Counting

indices,   K  and  LL,   are  also  punched  on  this  card.    The  second  cord  contains  the  vcilues  of  the  above  variables

and  indices.    The  varicible  SUMFR  is  lhe  sum  of  net  weights  of  various  size  fractions;  and  LOSS  is  the  dif-

ference  between  the  sum  of  fraction  weights  and  original  weight  of sample.    This  value  is  indicative  of  the

amount  of  material   lost  during  analysis.    The  index,   K,   indiccites  the  number  of the  sample  being  processed

and   is  consecutive  from  one.    The  index,   LL,   indicates  whether  output  is  based  on  all  the  material   in  the

sample  (LL  =  1)  or  only the  material  that  is  resistant  to  weathering  (LL  =  2).     Only  two  states,   I  or  2,   are

possible  for  LL.    A  spacer  card  occurs  after  the  first  two  cards.

The  next  group  of  cards  contains  the  fraction  of  the  tofQl  sample  in  each  sieve-size  class.    These  are

preceded  by  a  hecider  card  containing  the  names  FRPCT(I),   K,   LL,   I,   4  ACROSS.    FRPCT(I)  is  the  fraction  of

the  total   in  a  size  class,   K  and   LL  are  explained  above,   and  I   is  an  index,   numbered  consecutively  from   1

through  M,  or  number  of  sieve  clcisses,   which  ties  the  fraction  value  to  the  size  class.    Size  class   I  contains

the   largest particles.    The  words  "4  ACROSS"   indicate  there  are  4  values  each  of FRPCT(I),   K,   LL,   and  I  on

one  punch  card.

If  a  pipette  ancilysis  was  performed,   the  next  three  cards,   exclusive  of  spacers,   contain  the  calculated

results  of this  analysis  and  cin  associated  header  card.    FPPCT(J)  is  the  fraction  of the  total  sample  in  each

pipette  class.    J  is  an  index,   numbered  consecutively  from   1  through  8,   indicating  the  pipette  class.    Again,

as  with  the  sieve  classes,   values  for  four  size  classes  are  punched  on  each  card.    If  a  pipette  analysis  was  not

performed,  these  cards are  absent.

The  next  two  cards  are  a  heading  card  and  the  fraction  of total  scimple  made  up  of  sand  and  larger  size

particles,  of  silt,  and  of  clay.    If  no  pipette  analysis  was  performed,   no  differentiation  between  the  last  two

can  be  made  and  a  value  for  neither  is  punched .    The  fraction  of the  total  sample  in  the  fine  sizes  con  be

obtained  by  subtracting  the  sand  frciclion  from  unity.

The  next  two  cards  deal  with  the  mean,  standard  devicition  (SIGMA),  skewness,  and  kurtosis  values  for  all

the  material .

Following  these  two  cards,   are  a  header  cclrd  and  a  card  containing  values  associated  with  10  named

variables.    These  values  are  the  fraction  of the  sand-size  material  made  up  of  10  different  components.    The

components  used  in  this  study  cire  discussed  in  the  section  on  laborcitory  techniciues.    Components  used  are

immaterial  to  the  computafional  procedures  of  the  program.
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The  remaining  cords,   equal   :n  number  fo  the  previous  ones,   less  2,   are  results  of  calculations  involving

only  the  size  distribution  of  the  resistant  minerals.    The  estimated  amount  of all  components,   except  for

quartz  and  opaque  minerals,   have  been  subtracted  from  the  total .    When  a  pipette  analysis  is  used  the  distri-

bution  of  the  silt-and  clay-size  material  is  considered.

OUTPUT  FOR  SAMPLE   PROBLEMS

Output  for  two  scimples  is  given  in  Table  3.    There  are  70  cards,   :ncluding  blank  cards  and  headings,   in

this  output  deck .

The  sum  of  the  net  weight  of the  size  frcictions,   and  analytical   loss  are  shown  on  line  2  for  sample   1  cind

line  35  for  sample  2.    For  the  first  sample,   line  2,   the  sum  of the  net  weights  is 50.404 grams.    This  value  is

1.895  grams  less  than  the  original  weight  of the  sample.    The  sum  is  40.289  grams  for  the  second  sample

(line  35).    A  loss  of  0.195  grams  occurred  during  analysis.    This  value  can  be  either  negative  or  positive.     For

the  negat:ve  case,   the  sum  would  be  more  thcln  the  original  sample  weight,   probably  due  to  recording  or

weighing  errors.    A  positive  value  can  be  clscribed  to  weighing  error,   recording  mistakes,   or  an  extremely

large  analytical   loss.     Notice  that  K  equals   I  for  the  first  sclmple  and  2  for  the  second.

The  fraction  of  the  total  sample  in  each  sieve-size  class  is  tcibulated  on  lines  5  through   10  for  the  first

sample  and  38  through  41  for  the  second.    The  coarsest  sieve  size  :s  0.55  percent  of  the  total  sample  in  the

first  sample;  the  second  coarsest,   0.47 percent;  and  the  finest,  or  pan  fraction,   0.20  percent .

For  the  second  sample,  the  two  coarsest  grades of  material  each  contain  0.07  percent  of the  total .    The

finest  size  class  in  the  second  sample  contains,  according  to  the  output,  34.50  percent  of  the  total  sample.

The  sum  of  the  pipette  fractions  is  34.48  percent.    The  sum  of the  pipette  fractions  hcive  been  substituted  for

the  pan  fraction,   and  the  discrepcinGy,   0.02  percent,   is  due  to  truncation  of  values  to  four  significcint  figures

during  output  opercifion .

Fractions  of  the  total  sample  in  each  of  eight  p:pette  classes  are  shown  on   lines  44  and  45.    The  cocirse

silt  size  accounts  for  6.58  percent of the  total  sclmple,   the  less-than-nine-phi  class,   11.06  percent.     Because

no  pipette  analysis  was  performed  on  the  first  sample,   punch  cards  giving  the  pipette  results  are  absent  from

the  output  deck.

The  scind,   silt,   and  clay  fractions  of  the  total  sample  are  shown  on   line   13  for  sample   I  and   line  48  for

sample  2.    The  first  sample  is  99.79  percent  sand.     No  figures  are  given  for  the  amount  of  silt  and  clay  because

no  differenliarion  was  made®    The  second  sample  is  65®49  percent  sand,   21.19  percent  sill,   and   13.31  percen+

clay.     In  all  cases,   the  sum  of  the  sand,   silt,   and  clay  fractions  are   less  than  unity,   which  is  due  to  truncation

of  values  during  output.
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Table  3.   -Output  for  sample  problems.

SuMFR                        LOSS
5u.4iu4                   1.895

KLL

11

FRPCT(I)              K         LL              I          4     ACROSS

.0055             I            1            1
•U254            I            I            5
•1650             1             1             9
.0628           I           I        13
.0018            I            I         17

0.0000            1            I        21

•0047          I           I          2           .0098
•0377           1            1           6            .0593
•2()65            1             I        10            .1540
•0294           I            I        14           .0123
•0005            1            i        18            .0001
.0020           1             I         22

SDPCT                 SLPCT                     CLPCT                 K             LL
•9979              0.01)00              0.U000              I               1

XMEAN                      S]GMA                           SKEW                           CuRT                   K             LL

I.061)                     .646                 -.117                     .983               1              1

PQTZ         PYrJTZ        POPAu    P5HELL            PORG        PCAGG        PFAGG    PPLFRG        PFMUD            PECH
•9629        .U134    C).uuuu        .uu99        .iill6    u.uuul)    u.uUuO    u.0l)uU        .002U    0.0000

FRPCT  '  I   '

0057
•U258
•1673
oJ624
•U017

0.0000

SDPCT

.9999

XMEAN

I.048
SUMFR

40,289

FRPCT  (  I   '

•0007
•0156
•2432
• 3450

KLL1

121

125
129
1213

1217

1221

SLPCT
0.0000

S'GMA

631
LOSS
•195

4     ACROSS
0047

.U382
•2U5l
•0292
•uuu5

0.0000

C L F' C T

0o0000

SKEW
-.243

KLL

21

I          2          2          .0099
1            2           6            .0601
I            2        10            .1530
I             2         14             .U123
I              2          18              .OUO]

1222

FPPCT(J)             K            LL            J
•0658          2          i           I
•0338           2           I           5

SDPCT                SLPCT
•6549                 .21]9

XMEAN                      SIGMA

4.015                 2.472

4    ACROSS
•0303          2           i          2           .0301
.0267          2           I          6           .0225

CLPCT                 K             LL

1331                2                I

SKEW                         CuRT                  K             LL

.634                    .112              2             1

PQTZ        PyuTZ        POPAG}    PSHELL            PORG        PCAGG        PFAGG    PPLFRG        PFMUD            PECH               K           LL

•6140    0.0000       .0197       .0061.ol49    0.0000    0.0000   0.0000       .3450   0.0000            2            I

FBPCTll)             K         LL             I         4     ACROSS
•0006          2          2          1           .0006          2          2          2           .0020          2          2          3          .0109          2          2         4
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2           2           6            .0984           2           2           7           .1535           2
2           2       10           .0322           2           2        il           .0082           2

28
21Z

60

4    ACROSS
.C,31o           2            2           2            .0307           2           2           3           .r)256           2           2           4
.U272           2            2           6            .0230           2           2           7            .1130           2           2           8

SDPCT                 SLPCT                      CLPCT                 K             LL

•6474                  .2165                  .136C              2              2

XMEAN                      SIGMA                          SKI.^'                          CuRT                  K             LL

4.051                  2.485                     .620                     .071               2              2

The  parameters,   mean,   standard  deviation,   skewness,   and  kurtosis,   for  size  distribution  of all  matericil   in

the  sample,   are  given  on   lines   16  and  51.

Results  of  "coarse-fraction"  analysis  are  given  on  lines   19   and  54.    Each  value  is  the  fract:on  of  the  sand-

size  material  composed  of one  of  10  different  components.     In  the  first  sample,  5  components  each  made  up  less

than  0.01  percent  of  the  total;  in  the  second,   5  components  again  were  present  in  negligible  amounts.

The  remaining  output  data  pertains  to  the  distribution  of more  resistant  minerals.    This  is  indicated  in  the

output  by  setting  the  counter,   LL,   equal  to  two.     In  essence,  the  output  format  is  repeated  for  the  fractions  in

each  size  class,   including  sizes  in  the  pipette  range,   the  sand,   silt,   and  clay  fractions,   and  the  four  size

parameters.    For  those  samples  with  sieve  ancilysis  only,   the  amount  of  material   in  the  less-than-sand  size  is  not

considered  in  the  calculations.    The  values  associated  with  pipette  analysis  are  used  in  the  colculations  for

those  samples  on  which  such  cinalyses  were  performed .
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PROGRAM ABSTRACT

Title  (If subroutine  state  in title):

FORTRAN  11   Program  for  Standard-Size  Analysis  of  Unconsolidated  Sediments

Computer: IBM   1620

Programming language:

Author,  organization:

FORTRAN   11

Jock W.   Pierce,  U.S.   Nationcil  Museum,

mte:    January  1965

Division  of  Sedimentology,  and  George

Washington  Univ.,  Wcishington,   D.C.;  or  Donald  lo   Good,   Kansas  Geologiccil  Survey,   Lawrence,   Kanscls.

Direct inquiries to: Authors,  or

Name:     Daniel  F.   Merriam

Purpose/description:

Address: Kanscis  Geological  Surve

Lawrence,   Kansas

Ccilculote  the  mean,  standard  deviation,  skewness,  andkurtosis  for  standard

sediment-size  ancilysis;  the  frciction  of  the  total  sample  in  each  size  class,.  the  fraction  of sand-size

material  composed  of  up  to  10  different  components

Mathematical  method:     Statistical  method  of  moments  for  size  parameters.

Restrictions,   range:

Storage  requirements:

Equipment  specifications:

Memory 20K 40K

Automatic  divide:     yes      X         No

Othel.  special  features

Indirect addressing:   Yes

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

number  ot. tim.`s  run  successfully,  progrunimng  hours)

400  samples.

Less  thcin  5  hours were  needed  to  process
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