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I. Introduction

This report documents a set of FORTRAN programs and subroutines for

analyzing stratigraphic time series data. These programs were

written as part of the author's Ph.D. dissertation (Schiffelbein,

1984) and can be considered as an appendix to that work. This

documentation is divided into two sections. The first section

follows the organization of the author's thesis. Each project is

briefly explained to provide a context for the programs. All

algorithms used in the project are also explained. The second

section provides an alphabetical listing of the algorithms referred

to in the first section. All programs were written for the UCSD

Vax 11/780 (VMS) computer. Subroutines referred to in the programs

but not listed (CARTESIAN, CLEAR, COMPLEX, CONVOLVE, FFT,

FFTINVERSE, INTERPOLATE, POLAR, POWER, POWERDB, PROLATE, REALPART,

ZEROMEAN) are from a library kindly made available to the author by

Alan Chave and are described and listed in Chave (1980). -

I.
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A. The Effect of Benthic Mixing on the Information Content of

Deep-Sea Stratigraphic Signals

Abstract (Chapter 3 of the dissertation):

Benthic mixing or bioturbation affects sediments in a

number of ways, including 1) the production of trace fossils,

2) mechanical and/or chemical alteration of the sediment, and

3) filtering or smearing stratigraphic signals. Since mixing

alters both the slopes and amplitudes of any recorded events,

some knowledge of the process is essential for correct

interpretation of the signals. Particularly in the light of

recent trends towards high-resolution stratigraphy and signal

unmixing, the frequency characteristics of the benthic mixing

filter must be understood to know which types of signals can

be detected after mixing. Ash and tektite profiles in

deep-sea cores from various geographic regions are examined in

the frequency domain to determine the characteristics of the

benthic mixing process. Analysis of these profiles indicates

that even signals from cores having sedimentation rates as

high as 7 cm/ka will show severe attenuation of frequencies

higher than 0.35 cycles/ka (periods shorter than 2.9 ka)

resulting in loss of the ability to resolve closely-spaced

events. Most signals will experience much more serious

high-frequency attenuation, however. The severity of high

frequency loss is directly related to sedimentation rate (R -

0.97 for the cores examined), suggesting that this is the most

3-



important variable when considering a core for

paleoceanographic or paleoclimatic study.
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1. Program PROJECT: This program computes the power spectrum of an

impulse response function (IRF). The IRF is stored in some input

file. The power spectrum is given in decibels and stored in a

user-specified output file.

2. Program GSTEST is a simple driver program for the subroutine GSIRF.

The user is asked for the benthic mixing parameters, which are

passed to GSIRF, and the mixing function is generated and stored in

a user-specified file.

3. Subroutine GSIRF uses the approximation equation of Officer and

Lynch (1983) as a solution to the benthic mixing equation of

Guinasso and Schink (1975). The subroutine is accessed by a

statement:

CALL GSIRF [generated IRF vector, mixed layer thickness

(cm), diffusion coefficient (cm 2/ka), sedimentation rate

(cm/ka)]. The output is the benthic mixing impulse

response function.

L
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B. Extracting the Benthic Mixing Impulse Response Function: a

Constrained Deconvolution Technique

Abstract (Chapter 4 of the dissertation):

* Benthic mixing or bioturbation acts as a low-pass filter

on stratigraphic signals, altering both the apparent rates and

amplitudes of recorded events. The mixing process is

represented as a time-invariant convolution, and uses an

impulse response function (IRF) parameterized in terms of

mixed layer thickness and mixing intensity (diffusion

coefficient). Such parameterization facilitates construction

of the inverse (deconvolution) model, which is used to examine

the effects of incorrect IRF characterization on deconvolution

results. Results show that mixing intensity is as important a

parameter as mixed layer thickness when unmixing a strati-

graphic signal.

Stable oxygen isotope records from two different species

of planktonic foraminifers with changing relative abundances

in the same core will show apparent offsets in the timing of

events due to mixing (Hutson, 1980). The offset can be used,

with the appropriate unmixing equation, to constrain mixed

layer thickness and mixing intensity based on analysis of

actual isotope signals. The assumption is that any offsets in

the records of the two species are totally a product of the

mixing process.

The technique was applied to a high-resolution glacial-

6



interglacial record (Termination II) from an equatorial

Pacific piston core. Multiple lateral subsamples were stacked

to increase signal to noise ratio. A multidimensional

nonlinear optimization routine (SIMPLEX) was used to minimize

an error function related to stratigraphic offsets between the

two species. A solution to this problem yielded a mixed layer

25 cm thick and a mixing intensity of 7 cm /ka. This mixed

layer thickness is at the low end of estimates based on 14C

profiles in box cores from the same geographic area (Berger

and Killingley, 1982). The mixing operator is probably

conservative, and does not take into account that

sedimentation rates were higher during the last glacial period

than during the Holocene. This may explain the inability of

the algorithm to completely remove the stratigraphic offset

between the two isotope records. The unmixed record (using

2the parameters 5 cm and 7 cm /ka) shows a deglaciation

overshoot which is distinctly smaller than the "meltwater

spike" proposed by Berger et al. (1977), i.e., less than

0.1 0/oo versus a range of 0.3 °/00 to I /oo.

7



1. Program HUTSON: This program performs a benthic mixing

(convolution) operation on an input stable isotope signal. -4

The mixing takes into consideration the change in relative

abundance of the isotope carrier (foraminifer species) as

described in Hutson (1980). The user is asked for input file-

names for isotopes, abundances and the mixing operator. The

mixed record is stored in a user-specified file.

2. Program DECOTEST: This program is a simple driver for

time-domain deconvolution of a stable isotope signal. The

user is asked for the isotope record infile, the mixing

function infile, and a constant that controls the sensitivity L

of the unmixing. Values between 0.001 and 0.05 were found

appropriate for most real and simulated isotope signals, with

larger numbers giving less sensitivity. The program accesses

subroutine DECO, which performs the deconvolution. The

unmixed record is stored in a user-specified file.

3. Program HUTDEC: This program is the inverse of program

HUTSON. Like DECOTEST, this routine deconvolves an isotope

signal, but the relative abundance of the signal carrier is

also considered in HUTDEC. The program operates as described

for DECOTEST above.

4. Program OFFSET: This is a large and relatively complicated

driver program that attempts to remove stratigraphic offset

between two stable isotope signals from different foraminifer

species in a single core by deconvolving the signals with

various unmixing functions. (Refer to the thesis for

details.) The heart of the driver is a simplex optimization

8



algorithm (Nelder and Mead, 1965) modified from Daniels

(1978). The fit of the two unmixed curves is optimized by

adjusting the benthic mixing parameters. The program examines

stratigraphic offset by calling subroutine ERROR, which, by

calling GSIRF and DECO, unmixes the two signals and examines

closeness of fit.

5. Subroutine ERROR: This algorithm calculates a value for the

optimization error function as described for OFFSET. This is

a specialized subroutine which accepts two isotope signals

(different foraminifer species from the same core) their

relative abundances, and the benthic mixing parameters. Four -

calls to DECO unmixes the records and calculates the residual

between the two unmixed signals (error function).

6. Subroutine DECO: This algorithm performs a time-domain

deconvolution of a measured or theoretical stable isotope

signal. The subroutine is accessed by a statement:

CALL DECO [IRF vector, number of points in

input, input vector, output vector, decon-

volution sensitivity].

DECOTEST is a simple driver program for using this subroutine.

7. Subroutine CNVLV: This subroutine convolves two vectors and

stores the result in a third. The input arrays have lengths N

and M, with the output of length N + M -I. 
L

8. Subroutine ZERO: This algorithm sets the mean value of a

vector to zero. The original mean value is saved as AMEAN.

9



C. Bruhnes Dissolution Cycle: Effects on Oxygen Isotopes,

Sedimentation Rates, and Signal Spectra

Abstract (Chapter 5 of the dissertation):

A long wavelength cycle (400-500 ka) has been found in

stable oxygen isotope records from Pleistocene deep-sea

sediments in the Pacific Ocean. This cycle shows an increase

in amplitude with increasing water depth, correlates in both

phase and duration with the Brunhes dissolution cycle of

Adelseck (1980) and is apparently a result of differential

dissolution. This dissolution cycle has significantly

affected sedimentation rates, particularly in deep water

sediments. Sediment loss through dissolution can be

quantified by comparing isotope stage lengths with some

shallow reference core or by using %CaCO3 data. Examination

of a number of equatorial Pacific cores suggests that even

sediments recovered from a water depth of 3500 m have

undergone significant distortion as a result of this disso-

lution. Long-wavelength sedimentation rate perturbation

results in a widening of spectral peaks, with a consequent

decrease of spectral resolution, if some depth scale

correction is not made.

The Brunhes dissolution cycle is apparently one of many

cycles which continue with a periodicity of roughly 400 ka

back into the Miocene. Dissolution on this time scale

resembles the orbital eccentricity record, which has strong

100 and 400 ka components. The fact that the 400 ka cycle is

10



not seen in shallow water oxygen isotope records suggests that

it is not directly related to ice volume, but rather to some

element of the carbon cycle affecting carbonate

understaturation in the deep ocean.

f-4
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1. Program DISSOLVE: This program accepts two stable oxygen

isotope stratigraphies and their isotope stage boundary

positions, aligns the second signal to the first using the

isotope stage boundaries, and subtracts the second curve from

the first. Interpolation is done with cubic splines (de Boor,

1978). The residual curve is then smoothed and stored in a

user-specified file.

2. Program ANALPOW: This program computes the power spectrum of

a stratigraphic signal. A matrix of downcore measurements and

depths are read in, equally spaced with cubic spline

interpolation, windowed and Fourier transformed. The raw L.

spectrum is band averged (see Otnes and Enochson, 1972) and

converted to relative decibels.

L.

1.-
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D. Spectral Effects of Time-Depth Nonlinearities in Deep Sea

Sediment Records: A Demodulation Technique for Realigning

Time and Depth Scales

Abstract (Chapter 7 of the dissertation):

C dating and %CaCO3 in late Pleistocene sediments

suggest that deep-sea sedimentation rates vary cyclically and

that this cyclicity is related to climate. Sedimentation rate

variability leads to nonlinearity in the time-depth mapping

function. This nonlinearity can have profound effects on

signal spectra, leading to the development of harmonics and

intermodulation tones. These distortion effects in the

spectra give a direct indication of the degree of

nonlinearity, thereby providing a tool for realigning time and

depth scales. A tuning technique is developed which assumes a

direct link between climate (as measured in 0-18 from

planktonic foraminifer tests) and sedimentation rates. A

criterion of "spectral simplicity", as quantified in the

varimax norm, is used to demodulate the input spectrum.

Application of this technique to an equatorial Pacific piston

core (ERDC 84) found peak glacial sedimentation rates to be

30% higher than peak interglacial rates, a figure in good

14
agreement with C-based estimates from the same area. This

technique is compatible with other time-scale tuning

techniques such as those using orbital parameters, and, in

13



combination with these other techniques, provides a method for

fine-tuning any late Pleistocene record.

14



1. Program WAVETEST: This program examines the effects of

systematic depth-scale perturbation on signal spectra. A

sinusoidal signal is generated by calling WAVGEN. The program

then adjusts depth values according to signal amplitude,

interpolates with cubic splines for equal sample spacing, and

calculates the power spectrum. A range of degrees of signal

distortion are examined via a DO loop and the results in both

time and frequency domains are stored in a user-specified

file.

2. Program ISOJUST: This program is essentially the same as

WAVETEST except that it uses measured isotope data as input

rather than calling for a sinusoidal signal. The input signal

is progressively distorted via a DO loop, and the power

spectrum is calculate! at each step. The spectra are band

averaged and a varimax norm is calculated for each spectrum to

determine its simplicity. Isotope stage boundaries are read

in, which are used to quantify the signal distortion.

3. Program VARIMAX: This simple program calculates a varimax

norm as described by Wiggins (1978) for quantifying the

simplicity of a signal. The program accepts a vector as

input.

4. Subroutine WAVGEN: This algorithm generates a multi-component

sinusoidal time series of length NS. The component

wavelengths are specified within the subroutine.

15
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III. Program Listings
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~2 C PROGRAP ANALPOW: COt'PU'IFS FOWIR SPE.CTRUt' FROM' X-T PAIR

ELIMNSION DCUT(200 P20 ~f202040 IIrINSION XISO (2001 A1SO2(20KI) tTH1 (6)DEPTH2(20C)

Ill. ljINjljWORKOUT(5e@). CE(5)
M!BRACTR*26 CU IYt

* -~C----------------------------------------------------------------

liol EO iRf INUINUIVBER Cf SAP'PLIS IN THE DAT. SEQUENCE:13

iv 1A 47 FORM r13)

F1 FO RAT IS ThE INFUT MEt NAVE?7
iI ; AE 5 - INFIll

EN E tl=15,NAME=INFILY.STATL)S='CLD')

416 FORMAI ( WPAT IS TEE OUTPUT FILF NAME ?
51Z REArt 1541) OUIFILE

41 1O~4
Offk'(NI~ 16,NAP'F=OUTFILE.STATUS='NFd')

12 FORr( H A~ IS THE CUIPUT SAIVFLI INTERVAL: F4.1 ? '

2cZ C
C JPUT LXTA

S C CU BIC S PlINE jNT5RR CLAI;CN: NEW LEPTHS IN IiPTH2
* NE TS=( DEPTH1 (NS )/XINT,+l

DO ZO I=2 NPTS
rE .9 lr 4fTh+IINT

.!~ CALL INTkR OLATE(XISO.LEETh1.AISO2,LEPTH2,WORK,NS,NPIS,IBADNF,NL).
NopN ~NL-N[+

I z C N NALS OFAT

4~ 24 c RS fi EA R" NY 8OW8K ARIA
* 4~ CkLL COMPLEX(AISC CCRK,!N CPNT)

4~ CZERO' IAN ANt EHL UP ECESAPY) TEE DATA
L ZIERMER1 ioHK. iN 0T1

4'2 C ~ 1% CI TE -A A
4 !ZCALL PROLATEI CYORX NOPNT 1

*,9Z C Cmp LMUSP F UR TRAN68IRm

CALL FYT( C1RKNONT.PNT)
a CALL P01h R CWCAK,t'oFT)

*L C EAN~ MRAI NG

CL CONVOLVE C C CK,CHWORKOUT.M'CPNT,5)
boe C CN V'T DB

14 HAI=1. Z+8
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Eee 50 I=1 NPTS

ILS 8 ~I=rL 10

I * WORKOUT(I)=Cr'PLX(10.*ALOG10(REAL(WORKOUT(I))/PE&K),0.)
INt IF

51 CONIIf S
* ~0 CCUIU RES LTS
EE9 VP- MOPNTf2)+

Eje ALIAJ!L, T+Il 9&,WORKOUT,NPTS)

710 K
7I 3 AK= A A

7le ~ ~ JI I:1GT.-40) GO TO 90

77e 45 WR 46jl1TT(I ,J),J=1,2)
790 STO?
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C fROG Am E'EC Tl1:3 TIj-Lqt'AIt tEC VOLUTION~ W171 lEC0
3 DIMESICN ICU 10 )! W

CbMIAC TER*2e INi I U1INIII13
5 CHARACFR*20 CU FI Fe c --- - - - - - - - -- - - - - - - -
? 7* ITF(I A

1 IORM i*Nt'MBFS' OF SAMPIIS IN INPUT ISCTCPE STIRING.:13 '
9 D 2 NPTS

12 3 F3RMJ;5( FHAT IS TFE ISOTOPE INFILE? '
17I RflL 1 4) INFILTI
14 4 EuRM WA

1E: m PIS C-4

. 11 FCRMAU( WHAT IS TH ISCT(PF7 CUIFIIF?
21 EkAt(' 4' OL1TFII.F1

17k fcqv t-~T IS 1,..: LpCC- !i.1%L~~ :1.

4c C 11"LIZ F.SCNS FLrNLTJC

2 CE KNI.3,N1Ni~i.sVCu='I

~~~:S '%) IiIINlI

b0 2211NT

CALL rFccj.,NlTS.XISC,Clllt,CI',
4 i6 10 34 1=1 N

41 4 E XOu'I(I)
42 3cH"-1 ,
43 T OEM
-4
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ie C R8Ii G r UT TWO STRATIGRAPHIIS ABOUT INPUT CONTROL TIES
40 C AND CALCULATES THE RESIDUAL.

4e tIPIN1ON XXX1 2el)ilxx2(2 e' XXD020T) X (200 7U(2e

CHARACTER.!P20 NI Lil L 2

lie C CHAPACTIR 2 O FILE --r- - -- - -- - -- - -- - -- - ---
12 1FORMA ~1I lENAME FOR FIRST CORI?

1 -1% R6 r - 2) IN ILEI

1h70 3 ORMI T*"CW MANY SAMPLES IN TF FIRST DATA SFQUEN'CF:13 ?
19 IADNS1

290o 0 (=1 pi
21 e 7 BE D 94 6 XXD1(I) At'EXN11 )

22e CAf L g iY S ZP141
23e S9 FORMAT I 5 .e3.5X
24L,' INRIT $
2t aORMI -~ (~ M STAGE BOUNJtAPIES ?:12 ~
2Ek ~ READ 9 RSTGk

27e ~9 FORMAt
2EZ ~RITI 6,
2se ~ u 10 F ij~l IN STAC-F BOUNIARIES IN u' 2

Zzle 11 READ-'; SIGI(1

zk 12 OP.M1 k LENWF FOF TFF SECCNF CCRF? -

26~ OF! -T *NAME .NIL 1,TATJS='ctr')

dZ13 FORMA O~w tANY SP~tPIES IN THE rA'IA SiQUENCF? :13,'
READS 4' NS2
DO e1= NS2-

41e 15 RIAETH XE211 I XX12 II)
4 e AAP3Mk, EA N2,

4 E ( 16 FOMT IPTSTAOF BCUNIAPIFS It~ CM 2
4? 1? JDO TG (3)

Ic 70 FORMAT STAGE BOUNDARI ANr MULTIPLICATIVE FACTORS

5ke 71 FACTOR I)=(STG1(I)-STG1(I-1))/(STG2(I)-STG2(I-1))
r.!07 1=1 IISTG6 ()STG2(I',FACTOP(IN,

r-b 30ATIS THE OUTPUT FILE 7
~~.9e RMD6.2) OUTFILE
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OF IN (UhNIT-le,KNAtr=OUTI I, ST A TUS=NE?')
STANIARrIZF SAVPLE SPACING IN CORENI: lecm INTE1RVAL-S

60 C GEN RAIF A NEW PE CL
E~eNPOIN =XXD (NS 1.

49 1JORMmt RMEW ,I3
f~e 2 I= tNOI NT

A~ J1YXDR-1~ +10 0
72 C N 0~flO tTE XX lMl XISO' Y WOK S1,N EN IS IN%,

?I TEEINI SOTCPUS AI IN NXI ,X t10 SU - SE UNU sAD , 1
70!e C (XD2,XXX2i. NEW DEPTH VALUS FCR C cEN2 ARE PtTIN XNEW.

74Z XNFW(1)=0.Oite O 1~ 1 =2 KS!
SO I L.SG GO TO 110

7ti 0 ilpI IC 1,4 3
70 43 FORMAT( Nfl'I J '

bee J=J+1

8te C IN TFFPOLPT FVIAS FOP NFW PEPIFS
CA I INTFRPOLAIE( XYX2 X.,YITSO2 Xt WORK,NS2,kFCINT,1RBL,.NF.NL'

C716 C CALCLLAII RESILUAL M~ FIRCE IN 1RF~ir.
tt:(6DO,200 1=1 NPIN~

94e h (4 =0.22222

oe~t NPIS =1 N +MPTS-
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je P~rCOFAY' GS'IEST (GUIASSC-SCEI'K 11SUP) -------------

41B 0 OUIIIE .-

10 ORI EPT IS ThE OUIFILI? '

EZ 11 FOR Al
.92 ~ OFE N lI,NlME=UT11 .STATS='NW')
lieR 20 t FQM * IS TFE M'IXED LAYL IFICKNESS:F4.1

i* RE~AL (r 1 ll
*13 21 FORMkjWA..

1:0 (2 yo A 4AT IS THE rIFFrSICA CCFFFICIP!T? '

165 WRi TI 20')
lee 2 ECEmW Vtk & IS TFE SEDr PATF:F4.1 ? '

160 31 FORMA7U~4l41?2 ~ BAlt ',,IF IEp D I F v
1b2 u0 1e41=1.

1 ~0 'iETF~1,
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I, C V~~je1.qN~Y Tj SIGNAL CARRIER ABUNtANCE

Rilll

1 4ijilCF SAMPLES IN INPUT ISOTCPE STRING?:I3

12 3 WEAT IS TEE ISOTOPE INJILE?
all ~lfjINY IL11

1.. OP N15,NAML=INFILiI ,STATUS='CLD')

jigT11ABUNDANCE INJILY? D

19 C NV t=5,NAM=INFIL2,STATUS='OLr')

2 4 11 FOR H~,JTHE- ISCTCPL CUUFILX?
clul -Ai9,N5 IO =UTTILE1,STATUS='NEW-)27 V T Z'1I1c JORA VAT IS THE tECON GAIN LIMIT? :11C.9 '

J----------------------------------------------------------------------------------------------------------
:1 4c C ItrP LIE RfPONSE FUNCTION'

514 9 W AT IS THY IR) INFILE?
READ ~5 4) INFILE3

-16OPENI~UAIT=35,NAME=INFILI3.,STATUS-'OtL')
%- DO

49 Do 20 11 1NPS -

2 1 AD125,*) PI

49 29- C(I)
48 C1 Atb,iTS,POP £4 GAIIJ

Flo NPTS,Al12,hIN)

IEI ~ A4(1)

IN p
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PESCNA~ SIGNAL CARRIER ABUNLANCE
4 CEARACIIB#20 IN f1E1 INI1E2.IN11~

5 ~CHARaI T#12e OUTFILEL

8 1 NPTS T 1ERC SAVPLFS IN INPUT ISO ICPE STRING?:12

11 w

3 FOR~ Z' rWFAT IS TEE ISCIOPE INIIIF? '

C? 4)I 5NFI F11. 11U~'t'

16 WtITtjP" ,V)
1? 1 FOM(J'~ISTHF ABUNYANCE IKFI1F? '
16 BEAD .)INLE

19 MPTS= I Z5,tAM=NfII~k.ST4TUS='OL1')

2 -z

27 C--------------------------::-------------------------------
zb c I -MIULkF. EFIONSE FUNCIlON

-Z eOr 5e I IF TYE It' INiLF2 2

OPN(N 3,N~i.~IB.51ATUS='OLL')
3LO O5 I=1164(,
6 C ~iAiJ IiN LAA
37 10 20 I=.jjN TS(
41e02 i11 NA T -

41 ~ 2 RIAI (25,1 ) 1F (I
42 DO 21 1=1 N P(I

4 45 CALL CNVLVtPt ,F A4 rPTS.,YPIF
* 46 CALL CNL

47 io4
49 A5 (IJ=Az21 /U 1O 5W14

GO T 33

54 2 IORMA (G7.-
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-: - PROGRAI' ISOJUST (ISOTOPE ArJUST)

PROGRAM REACLTSISOTOPES WITF u iPriir'nE AI.jUSTMENTI BASED
* C ON SELIt'EITATICN RATE CrkNGES. DEFTH SCALE IS MODIFIED LINEARLY

C ACCORrING TO SIGNkL MAGNITUDE.
------------------------------------------------------------------------------------

C IMENSION fix oeel) P(O .3U11=0% r-ATA
DIM1ENS ION NEW IN1750 ( e 2 C 0N~j~f (502

1 IN4 -0INI6 K 1 1 ,ST(M Sd
*11 COrFLEXCOK WORKOUTOWCE 101

1211CHARACTER*20 INFI I
*CHARACTFR*20 OUTFILE

E0 ECRMA3 (INUT NUVIER Of cAI'Pllc IN THE EATA. SFOUFNCE: 1.3

E1 ICRt"4T( HAT IS THE INPUT FILE tiAVE? '
12 RrAL 5,i1) NILF5 U XvN ~UN IT= 2.NA!ME=INFIti,S'IATUS='OLD*)

'ARITI F6,, 40
4Z IO~R~ 4T WE T IS Thl OUTPUT FILE NAFF' ? '

REAr -.41) CUTFILE

297, 125 IEORMAPi 'NUMBEP OF ISCTCPE STAGES IN SERIES? :13 '(EA5 121) NISO

12 E FRM,1?l~j DE SC IOOE STAIJE BOUNDARIES? :2ZF4.0 '
* 1~ R A t' F 11TG I , -: i= NI IS

& C REAr rATA INTO XYX
LO =- I-1 N~2 R~ ( 3 XXXiCI.J) J=i.2

53 FoRrM t~x~ 1 F1 )2)
'11 NFKTS= kxxt t, 10
42 Q 2 ~ IjHI NINTSm 148

ICr LTI DATA NTO 10CM INTERVALS

4 50
40CALL RNGE11t',NS,DMkX,DMIN,DX)
4ze R ITl 6a50 '157

50 8 R A ~x .115.7

Z2 5E rEPIH2 tI 1 I-1 *1.
CfLL l TTPOAE( XISO,rFPTF1,XISO2,DEPTH2,CVCRK,NS,NPNTS, IBAr,NF,NLL

91 F OR' 1 'INPT S~ 1)
z2 C A F,1N A-.EZ CA d~i TS,AT'!&N)

25



0 79
H T 0 :JJ1 50.0)
)NEW 1 2

62 XnEWM=OYNT+ t e.6 *(1.-TERV)

GC T C 3
iz 71 YN1 I)CUT(eW)(.'Fr

GCUN T=ANEW (I
'/73 CC INU 6 1

15,, kOEMA1VflEERrINE EFFECTIVE SELIMENTA'IICK DIFFERMNIALS '

rc 1 III 1=1
IF (tF -(I)MSrG(L)) 110,111,111

III ASTG(L AEW(
a L=L~l

if(L GT.NISO) GC TO ?5ea 12 CCNit NUE
7 - CONTINUE

C X?ITE OUT A JLSTFD iscrcpE STAGEi BOUNDARIES

112 Fo p "~USTFD ISOTCPF STAGE BOUNDAPIES '
tQ 1~!I=1.K SO

113 WRITF( 114) 1 (I)
11 iFC F fjI~1C TR (tFNGTF 01 k1JUSTID ST.kG)/(LENGTH Cl' INPUT STAGE)

1~. '.vRI'[E 6 Ihc1.-
1ie fORMAT t EI~FECTIVE SErIMFNTAIIN .R.ATE FACTORS '

/1 1 CT

17fFPM'I I OT6PE STAGE ='.13.' FACTOR ='.F5.2',

iACl= XS I-x(

'2 3; CCNTINciE
I 1z cYkl TO SkME LENGTH AS XISO2. (=NP IS)

1 fNPTS ,I PTS ER CF POINTS =',14)

* ANP=NP

12e 11 INIJ= XN.W I)*(14NPTS/ANF[1

102 c AN1 I k AXN( i E~sfrD.AJINPUT. WITH THE NEW LEPTE SCALE
1.1k2 C R C ~AE~ ISO'tOpES ARE CONTAINEr IN xN4.

LIPTE=0 0
.,.:2 M- 1I='1FTS

DEP H,:RDE Te.0
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d~FCRMI A uOMB.R OF PCINTS AFF ',13)
G Q TORI L AT

4 DO 1 2 1=1 NOENT

8~eCO~~y~s CVOPK 5eO)
"i 2 C 'RANSIER rT IN~ CKA!

1~2CALL COF~ N WP(NO~
1 C ZE 6r- IRN Ny EEE( FCFSSARY) ThE rATk

C RL Mi~EfN C. CCRKNC NT
Z,~ c hIr~THi r I'A
'?' CkLL PROlkTE tCVOPK NOPNT 0)

12EZ C COMPLTEI F IUIEH TRAN9F6Rm
I MC1PNT=IB~ NAY'NPNT)

14ez CALL FT CRORK NPTrVT
I2liz CALL POEE CWOAK ,MOPNT,

2~ C XANCAERGN
1412CEi 1 - C llpLX I0.25.0

CE, C 2 =CtMPLX 5eK
C 13=Cr~PL 2 &
C.L.CCKVCLF RK CR ,%QKCUT.MCPNT,*9)

~ C CONVERT To ~EATIV R~IBELS
148Z PEAK=-l.0E+38

L~l90 =2.rOFNT+2
I 1-: i 0 =,AOA 1, P(CRKC'T(I)))

24IF (PEAL(WKouT(R

41 48
OPKOUT(I)=CMFLX(10.*ALOG1?(PEkL(WORKCUT(I) )/PEAK),0.)

.7- 1 1ENr IF
191 CONTINUE -

1 - C OUTPUJT RESU;TS

16 ~ AK=AI/ MOP Tl
1 eIF AT T I+-. T GO TO 15

14, 45 ofiT 6 ) A;lATA(I~l)
IE~iZ 47 FORMA 51 GiS 7 5X G17.5)

.1?2 DO 95 1=3;Ml+l*,

1RT (61 462 +-A A

l~t~i e FORMAT mX, 12,5XG 15.?'
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09e 79 CONT INDE
1 L.z .61JJNINUf

iz2( END
QBR TINI RANG! X,NS PIAX,XMZN DX j LTD F iTR
~IM ON A0~

XXMIN=X 1)
IFX.tXFA X Yr&=X i

1=22 H171- AX-YrIN 61
1;4e ENt

287



MU TAfMO1E~PLiZ 'jk1YLU cNy

4e DIESO F(R1)P. R I

C UNLS
.30 C RT 0 T 2F S
4~e 20 m SIM& ~ O C AN 2 AT pONS1 7

i R Ics 12l 0o w ioo 2

SE~ C IEA I DA"ILES;

120 11RITE $(~202)

12 221 FORMli 1 F LEAF2'

iseREAD 52Q 3, INFILEI
,ek 2e- Of'$

210 i UEN iI=15 NAME=INFILE1,SIATt3S='OLD')

Ae 24 RFEIDi15,2TOflXlsoil)
4ZCALL 2EAC~IC.?A~P

e 2e! FORMA 2
28e WEITI ,2 06 1
2Re AEll 420 ~ INFIF?

01-EN (NITI=I'? NAMFIN1]1STATUS'C~r')
32 DO 20?1

27RITE (1

Z, e 2eECRM P, I FILFNAMEF
'~h 5 J3 I N 11E3 2

E C91_ 18 NAMINFItE3 QTATUIS= 'OLt2

'4 20 RJAD 8,20-)POP1(I)

'c 21 162 FILENAMF ? '
PiAk -,v INF1IE4

44e OPENI NIT= 19 NAVE=INFII14,STAT2S='C1LJ)

4 211 ijil9;WFOP2Wi
4?e WR T1 e, 2 1I.I

48j 212 JOBM~ W-GHT F LENAME ? '

ee IT~ KA1M1,~FIL15,STATUS='OLD')

---------------------------------------------------------------------------

22e "I~ I ** Is
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E-e IT7,0
10 1RITI,1 %T0 IsINITIAL VALUFS:LEP,rlF:2F5.?)

11 - -
Ere tc IS~ THE SF ATI:14.1 ? '

7Ie Im MIR AT IS TEE DECON GAIN LIMITATICK:F10.9 ? '

14 1V I N
(4e C91A 01t .OR E PI2,Pkl.FW2,GAIN.NF.CUT ,0UIIV

7514 10RI 6612 PO -Pl.:5. DIF- '.FlO.5,9-X.' E= ',F1e.--)
7 O 12 FORMA t D P

'?Ee C INITIhlIZI SIrPLIX

M 22 P.

Eke p
k:5ee 2EJP-j 1 IJ)1k)

Eez c C.. EFR tNTS 10 1cRDING 1o 81UFS CF FRBCP
Eg1 1=1

Il 1 LT IRR j I=
Ge lz 41 NE = L
GU LC 43 I=J .3

99(6 C --------------------------------------------------------------------- -
leee c L L I CENTRCID (AVEPA32F)

uee

l? 5ek pOrELCT ABOUI TIHE CENTROID')

1110H kR cT~, 4:~ AP ~ ;f ifrpw:J,PW2,GAIN.NP,OUT1,CT1)
I I2e C L1T.L MOO RATLY SUCCISSFUL)

11'ii MIR GI.IRR H)' GO TO 122
lite 79 DQ be

W1UG~.ER(NE) GO TO 61
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1 ~ B ZNH
lf GO TO 41

12 e 5k C AO2RA I XfN THE SIr'PLEX

12 e )I
122e e I11HE.IA.F o1

1i P 1 e 9c J

13~~~~e 11 h62

14e 1- 111, OM l

1 41e RIAL W11 B
14 - 112 FCMI~

141"Ikiii IF.Q.1) GC TC 41
1 440 GO TO i5e
145e C
146Z 122 WR I I 4)147e 504 IC RMA _ ITRACT IFE SIMPLFX '
148t D ;1 2
14GZ Ik R(i =Z5l'CJ),i.4c,65P'E,J'

itze CAL IRRVP.RF 2.. PY2.G IN.NF.OUT1.OUTr3%
IfFRL1FRRg1 GO TO ~

IM c SCAKi E I Xr : SK IS TP: SCALING FUNCTION
* E IM~ 13 FOP M 4 13WH. IS TYE SI! PIF SCALIN'? FACTOR:F4.1. ?)

1t?76 HADi5 13 K
15di; 13 1 FORMAIMtF4

lfCe Go 103

I e le cT

1 f I- 151 FO k t T IS TFF CL IFItE ? '
1664 R -,2. OUTFILL

OPEN UNIT=16d.AP'E=OUTIIlF.STATUS='NEW')
leNP J S;NP+6 4-1
leA= NPIS/2 -20

1q ~ =P S/2) +20

171l WRIT F1 5 CU1( +AMEAN1 0UTM'I)+AMFAN2
174Q 1;2 WRT I l53~i.!U'T'(T) AMEAN1 6UT3 f + AMEAN2

31



;e C PHCGRAM P OJEC cSITU NE

!e C --- - - - - - - - - - - - - -
c 11RI1T(eI1)

1i I ORpf1 NUBEE OF SAPLFS IN INPUTI :12 ? '
de HA 21 FTS

GO I2 FORMAjt I2)

l 3 MiD 4)A fji TEE INI1LE? '

I 4e of NOR 'I = 15.NAME-INFIU .STATUS-'OIt')
141 W8T 9 ~ ) 0

14 F i PM W)AT IS TEE CU EFILE7 )

1 7 Z %RIT
1U E FORMMH IAT IS TEE SEE PATI.:15.2 ?

2UTE;D IN DATA

2 Z 14 11 ORAl z51. 6.5.

C z L WC N IsCRY ,2S
igCALL I (C~,P1
le (zCqL FomERiX WOEK f?6,
2 -- ZCA4L (ILP rTXC ufvC. KIEL
29VCIN =N IS/V

rc loe I~.6

Sie It 1 PW FR "Y.v
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li C FOGBMCAR f j:8qIMFLICITY NOPM
e e CIEARACTIRK'20 INfFILF

42e C --- - - - - - - - - - - - - - - - - - - - - - - - - - - -
ue

1 RWMANY SAMPLIS IN TH INPUT ? :12
aze2 1OPMAf~
Ge RITI ( 3

* 3 F'O M1 WHAT IS THE INFILE ?
4 IAD~4 IN!j ILM3e 4 ?101A~f

I4Q I N 15.NAME=INFIIB,STATVS='CLL,')

21je 11 V2=V2 4N ) **2)
22 (6V=Vl/ (V2 *2)

24: 1g e 0 1.EMArI TI1 I. VARPI*'.PX NO Y IS '.G1t.7)
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1 C PROGRAM VAVETEST
lie c PROGRAM GINERATES A MULUI-WAVELENGTH INPUT SIGNAL. AND

* 4e c sindtiIEs sifIr'FNTATION RATERCEANGES WITH AN AUTO-MODULATION
5e c BA~jNS A AMPLUUE THISSFROGRAV IS SIFILAR T10 FOGEAM

HCRACPSCXGEN ISOTOPE DATA AS THE COKTROLLING
EO c-------- ------------ ------------------------------
seiP'FNSION xxx 00 )Poo00 BUF(m0) rATA( ?0o'

lie ~ ~~ ~ L M 0 X ?o)N;? 0 IX SO i500)
i~eCOVPLIX CWORK 500

1130 CHARACTER*20 OUTEFIL

1-0 WRITF( ,Eo
lee 80 FO MWT INPUT N UMBER 01 SAMPILS IN THEi DATA SEQUFKCF:IZ '

*le 1 H0 FO' PC~~ NS

2ie 40 FORPAT( WHAT IS TFE OUTPUT FILE NAME ? '
210 41 HAt( 5 41) OUTFILE

2.ZOPEN UNIt=16.NMF=CjTIIE.S'1AUS='F''

2te C GENERATE PA~ DAT1A
2 e e L AIL RANG I(I SO.K VAY ErAXr

CAILfLFAN ISC NSfMFN

1E F M 1MXm'IN:RPKW. IND- wY'AN VALUE OF ISOTOPE CLEVE:
"lq14 42X F8.2)

2 e c 10Ar xi sc IF:TC XXX

e 0 xxx1,
NP'IS (XXNS I a e)i

g. I' 9 . FT
c- FH~ X A ' UTS 14)

22 ( c DIPTE AU USTrFNT
421 DO 79 =1,6j/4le fACTR (Ji/e)

42e ONt=~.

44Z LO 7 ~ S

4?0 C-2
48Z C C U N =NW I3
49e GO TQ5e 71 XNt W'I )=C~qj(eo*l4F

tie~ ' CN=NF%
!2e CCNT=NU

WRl I~~TIIJ TOSAME LENGTH AS XXX. (=NPIS)

Ho e 161 N TUrBER OF FONS ',14)

fP=NPIlK
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fe CINi I h x~ ARD XISCr As INRUT, WITH TEE NEW 11PTH SCAIF
11e X SPECI IFD AS XN3, OF LENGTE KPIS

jil C D~tEACELATEr ISOTOPES ARE CONTAINED IN XN4.

g~e LE =DE +00
30 XNS =ET

-ellelCA IiNTIRPOLAT'E(XISO,XN1,XN4,XN3 ,WORK,NS,NPTS, IBAL,NF.NL)
?1e NOPNT=NL-N +1

60d e F1MA 1'6 NUBR OF POINTS APE =',13)
74 c STORE rATA

?t0D 104 I=1 NO NT
it eo bRIhT (16,10 W N40I)
1f li10 FO~TIX G15.7

7t!1 C PNAIYSIS 6F DAT A
'(Se CA1LL fLAf(CWOBK 500)P8e0 C TRANS ER DTf I NIO WORK A
E;AfiLCOVFLkX( XN4 CwC9 NO V~T)

b~l? C ~ E.uEAN AND DET AEND Iff NiCESSARY) THE DATA
Z,2CALL ZFR3MEAN(CWOPK,NCF.T1

epe C kiNrCW TF1 N.TA
CALL FP.OIATI C'iCK NOPNI .

~6 C COMPUTE THE UIRIEA TRAQYR

CAtLJ~f .CPNT vp

12 IFrP-'PNT2
C2.6 AQ AL A T'LATA.CWCRK.MPN1)

G t le I "R I /Moe NT
I ATP. I+1'.GT.-4e.' CC IC 45

LA TA 1 -
Z-C 4! 'W ITi i 46 FREQ ATA( I

e 46e IONIMA l G 15.7,1 Y ,15 .7,

1 kZ2 2SU.BROUTINhE PANGE'X,NS XkY,yINrx,
le4e C PFOGEAM~ IiEMYI MA.XMIN VALUES ANr AVPI~i7,urF C1 A VECICR.

XIPAX=XMIN
Tlll~;NS IP IIN=. '

lie .i MA MAX=
1112 50 CONTN

11 DX=Xr'AX-XI'IN

ll1t SUBROUT INE MEAN(X NS AVG)
* 1o J RJJN flIFI K~PE~ tAN VALUF CF A VECTOR
liri SUM=O)
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DOV50 1=l

11~ Ri
123e END

100 SUR TI F j~~ .r)

C S A N 1 M 101.PESULT IS STORED IN C(N+M-1).
400 DO5 I= 1N+M-1

500 5 C(I)=O. 0
$00 j 13 =1.N

C-00 REJURN
1000E

2e lrENSIO H (64) H 1(64)
,a(&DIMENSION XII(llH ,XCUT (1l8

4e COf. LIX WORK 12E)

CA -ORK EOR
C BR k. D fou LH GAIN LIMITER

Z~j C A1L~P8LA R WUK 641
£ALHA PART~ EIVOR,64)

-ee1 fl
57 5 won" MU 1 AMGORK (I)

gee 110 bOR ? Io . 0.~)WR(J

920 C WAlififeRW 1 UNITY

e 125 1m MH
126 11il-i t urC2eA1L CN VLVNIZN,H1.OUTNP64)

712 Ilu N
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BROJ NEJAR1R V 11P 2 GAINl yTl,3UT3)

C GENEBATE IRF

DI T=X~

CAL IOHN pi U GAIN)
CALL LECO ~EN ,PW2 Tl3,AIN)

CAL iCC WfW CHNP ~d G~
EXAMIN E RR E6 R dNA
NPT~S=NP+6
A=(NPIS/2 -20 ~
B=NPT /fV7)20

OUT1 =0 t12 (I) /OUT1 I)
10 CfiI=CtU 4(I )/CUT3 I)

20 "N1 f /i+
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1fl SUEROUTINJ GSIRF tA ,E D IF, V)N
~ C SUER CUTNEj S~F IYIFR'ANL (INCl83% A?? RCImATICN CF M~

C ~ f ~S-S~N 8A ION TIO C*ENP..' F' 4N IMUS ENE NCTIU.
* - z IIPENS ION AA 564Y

2 C FARAPYTE. SITUP: v~srr RAIL. YIO=TPACZF IMFA.CT DETTF
E 0 reXIC=40.0

8.1 XTOl=?.e
6 5 WR IT I 6ia D P D1F
Eze ic FCRrATr 11.5tEP,1F='FI.N

80PI=3 .11159- 1 .55, 1='F.5

1~~l0 Dl=- ((XIOCfLEP JI / V.--I-D /
1130 D=- XIQ +rEP-XI iV)' I*FPiEI*If I DEP*-42

l400 Al-11J
1= 21 ELt C-I11 L

17tt 22 DO 21t=eli , 64
lree 11 AA(

DO 25 I=1 , 4

2Z IT E$6,22) TOTF~.~

1in "( e I X IgAAI/'1OT
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AIV LjNg~p SIGNAL

5e C WAV IRIOU17III~ &1J &02j e fLEIGThi): AF,B1,CFDF

7ee PI= .14159
Eee ~ AMP-1.0
see Fr;= 1.; / 0

ilBg = 2*PI ?/8.22)ilee j1 2fL) 4 M. 1~i-ee = 2* p 2A.1
neQe loee CRANI1 CeCt' CN1NTS 0f THE INPUI TEST SIGNAL '

2; lei JORmATj WAVI AMPLITUDE ',Fe.2,'; 2*PI/WVLGT. ',F6.2)
22ke UO 2!
2. Aee 2 0EI 4 1'" 1*

2 z . - -s (1*

2?e~c U 1 6 1 e CMF,
* 29eP 4e D I McsI (DF*I )

3 V ZWRI E6 1 1ei) Dv~P,ri

S BR0 I F Ep'A,N,AMEANN)
'lee ItErS1ON A(1)

AMIAN=0. 0

20e A I= -AMEAN
see RI I RN
ieee EH1
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