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Three broad geologic environmentB, or reservoirs, having appreciable 

amounts of U, Th, and Pb and sufficient longevity, are required by the 

plumbotectonics model. These resevoirs, the mantle, upper continental crust, 

and lower continental crust, and an additional short-lived mixing orogene 

provide the necessary chemical environments to produce gross terrestrial 

isotopic patterns. The transfer of matter among reservoirs is treated as 

proceeding through cycles called orogenies of discrete, sequential 

operations that can be expressed by a series of BASIC program statements 

(paralleling the algebraic equations of the companion paper). From the sets 

of numerical data generated as matrix arrays, both the total mass distribution 

and the U, Th, and Pb isotopic contents among reservoirs can be determined as 

a function of time.

Two versions of the model are presented by Zartman and Doe (in press), 

which follow the same basic program form and differ only in certain parametric 

values. We list version I in its entirety in Appendix A, and supply the 

pertinent substitute lines for conversion to version II in Appendix B. In 

addition to yielding mass distribution and U, Th, and Pb isotopic contents of 

reservoirs, several output options are available for calculating isotopic 

ratios, mean age of the crust, and isotope concentrations of reservoirs. A 

separate subroutine is also provided, which modifies the main program, for 

computing the mean age of isotopes in the crust.

The program was written specifically for use with the Hewlett-Packard 

model 9830A minicomputer with 8K words of memory, but with a few modifications 

it could be adapted to several other comparable H-P models. If the 

appropriate tape cartridge is sent to us at Mailstop 963, Federal enter, 

Denver, Colorado, 80225, we can supply you with a copy of the program.
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PROGRAM EXPLANATION

Each version (I and II) of the main plumbotectonics program, including 

its five output options (1. «= Reservoir mass and isotope content, 2. « 

Isotopic ratios, 3.   T,Max, 4. « T, Min, and 5.   Reservoir concentrations), 

is stored as a self-contained file on a tape cartridge, which will operate 

independently of any auxiliary files. In this form one needs only to activate 

the program by issuing the RUN command, and then choosing the desired output 

option. The corresponding version I and II subroutine programs for 

calculating mean age of isotopes in the crust require substantial modification 

of the main program, and are themselves also given the status of self- 

contained files. more general form of the program can easily be created 

whereby frequently changed numerical values of certain model parameters are 

stored as separate data files or supplied as input when the program is run.

A brief synopsis of the main program designating lines and functions is 

provided by the following table.

LINES FUNCTION

10-70, 290-400, Initialize conditions and dimension arrays. 
550-780

80-280, 410-540 Numerical evaluation of model parameters.

790-2020 Functions for calculating mass and
isotope contents of reservoirs.

2030-2190 Output options and directory.

2200-2590 Subroutine for reservoir mass and isotope
content.

2600-3250 Subroutine for isotopic ratios.



3260-3420 Subroutine for maximum mean age of crust,
T,Max.

3430-3770 Subroutine for minimum mean age of crust,
T,Min.

3780-4040 Subroutine for isotope concentrations of
reservoirs.

An outline of the plumbotectonics model with the various parameters 

assigned their appropriate numerical values is present for version I in Table 

2 and for version II in Table 3. From this description, all the BASIC 

variables for each version is listed in Table 4 can be evaluated, and the 

program can be run straightforwardly with the only remaining decision being 

that of the output option desired. Some selected results directly obtained 

from the model (or slight modifications thereof, such as the calculation of 

average element concentrations in parts per million are given in appendices A 

and B following the program listings. The reader is referred to the companion 

paper of Zartman and Doe (in press) for a discussion of the implications of 

these results to terrestrial lead isotopic patterns.

REFERENCES 

Doe, B. R., and Zartman, R. E., 1979, Chapter 2. Plumbotectonics I, The

Phanerozoic, in Geochemistry of Hydrothermal Ore Deposits, 2nd Edition (H.

L. Barnes, ed.), New York, Wiley-Interscience, p. 22-70. 

Zartman, R. E., and Doe, B. R., in press, Plumbotectonics The model:

Tectonophysics.
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1630
1640
1650
1660
1670
1680
1690
1700
1718
1720
1730
1740
1750
1760
1770
1780
1790
1800

1810 
1820 
1830 
1840 
1850 
I860 
1870 
1880 
1890
1900
1910
1920 
1930 
1940 
1950 
I960 
1970 
1980 
1990 
2000
2010
2020
2030
2040
2050
2660
2070
2080
2090
2100
2110
2120
2130
2140
2150
2168
2178
2188

l 3-BC J-l 3*CC J-l 3)*E2

M 3*F6

SC4» 1 3~SC In 1 3~S£2j 1 3 + SC 3? 1 3
SC4»N3*S0*<MC4»N3*F2/F>
SC4>M3*S0*<MC4»M3*F3/F>
TC2» 1 3==TC 1, 1 3*RCK3*E1
FOR J=2 TO N
TC2» J3=TC IP J3*<BC J-l 3+CC J
T1*TC2» J3+T1
TC4p J3-TC IP J3-TC2? J3
NEXT J
FOR J=13 TO M
TC2> J3«TC 1»J3*CCJ-123*E3
T2 = TC2> J3+T2
TC4» J3»TC IP J3-TC2? J3
NEXT J
T8-TC2P13+T1+T2
F=MC3»13*F4 + MC 4j N3*F5+MC 4
K i*! i 1 3=T fi * ( M C '. -i n 1 3 * F 4     ' F '"> *.«' i* ii> M! i %*.' * * *,iiv.   .  ? j. «i     i i   i .*

TC4» 1 3*TC IP 1 3-TC2? 1 3+TC3 ? 1 3
TC4»N3«T0*<MC4»H3*F5/F)
TC4>M3aT0*<MC4»M3*F6/F>
UC2» 1 3«LIC 1? 1 3*flCK3*El
FOR J=2 TH N
UC2p J3*UC1P J3*<BCJ-l3 + CC J-l3-BCJ-l3*CCJ-l3)*E2
U1=UC2» J3+LI1
UC4» J3=UC IP J3-UC2
NEXT J
FOR J=13 TO M
UC2p J3=UC IP J3*CC J
U2«UC2» J3+U2
UC4» J3=UC IP J3-UC2
NEXT J
U0»UC2»13+U1+U2
F=MC3?13*F7 + MC 4j H3*F8 + MC4j M3*F9
UC3» 1 3»U0*<MC3» 1 3*F7/F)
UC4p 1 3«UC IP 1 3-UC2? 1 3 + UC3? 1 3
UC4»N3»U0*<MC4jN3*F8/F>
UC4»M3=U0*<MC4jM3*F9
IF G=l THEN 2246
IF G=2 THEN 2640
IF G=5 THEN 3850
niSP "OUTPUT OPTION?
INPUT G

2156
# # # #

J 3

 12 3*E3 

J3

F)

ENTER 9 FOR LIST"?

IF G#9 THEN
PRINT " *
PRINT
PRINT " 1
PRINT " 2
PRINT " 3
PRINT " 4
PRINT " 5
PRINT
GOTO 2038
IF G=l THEN 2210
IF G=2 THEN 2610
IF G=3 THEN 3270
IF G=4 THEN 344G

LIST OF OUTPUT OPTIONS * * # *

R E SE RV 01R MR S S R N D IS0 T 0 PE C 0N TENT"
I SOTOP 1C RflTIOS"
TpMRX"
T 9 MIN"
R E S E R V 01R C 0 N C E N T R R T10 N S"



IF G=5 THEM 3798
2288 
2218 
2228 
2238 
2240 
2250 
2260 
2270
2280
2290
2380
2310
2320
2330
2348
2350
2368
2378
2388
2398
2488
2410
2420
2430
2440
2450
2460
2470
2488
2498
2588
2518
2528
2538
2548
2558
2568
2578
2568
2598
2686
2618
2628
2636
2646
2650
2668
2670
2688
2698
2786
2716
2726
2736
2746

REM SUB-ROUTINE FOR RESERVOIR MAS 
PRINT " * * * * RESERVOI 
PRINT 
PRINT 
PRINT "T="T 
PRINT PRINT " I ="," 1"," 2"," 
PRINT
FOR J=
FORMAT
WRITE
FORMAT
WRITE
FORMAT
WRITE
FORMAT
WRITE
FORMAT
WRITE
FORMAT
WRITE
FORMAT
WRITE
PRINT
NEXT J

1

(

(

(

(

(

(

(

FOR J=l
MC1,J]
P[1,J]
T[1,J]
U[1,J]

=
«
ww

**

T"M

15"P
15"Q
15"R
15"S
15"T
15"U

0
(
;

(

,

(

,

(

,
(

,

(

,

(

15,

TO
M[
PC
TC
UC

QC1,J]=QC
RC1;J] m
SClij]"
NEXT J
T=T-8.
K=K+1
N=N+1
M=M+1
IF N=l

4

3

Rf
SC

4
4
4
4
4
4
4

**"; **":
dl'2'

I,",F3
2298) J
I,",F3
2316) J
I,",F3
2338) J
I,",F3
2356).!
I,",F3
2378) J
I,",F3
2398) J
I, ",F3
2418) J

23
,J]
,J]
# J]
;J]
,J]+UC
; J ]+(!!
,J] + T[

.8,
,MC
.8,
,F'[

.6;
,QC
. 8,
,R[
.8,
,S[
. 8,
,T[
.8,
,U[

4,J
[4;
4, J

")",F15.4,F1
1,J],MC2,J],

5.
MC

")",F15.4,F15.
l,J]iPC2,J],
")",F15,4,F1
1,J],QC2,J],
")",F15,4,F1
1,J],RC2,J],
")",F15.4,F1
1,J],SC2,J],
")",F15.4,F1
1,J],TC2,J],

PC
5.
QC
5.
RC
5.
SC
5.
TC

")",F15.4,F15.
1,J],UC2,J],

]*(EXP(L1*T)
J]/137.88)*(
]*(EKP(L3*T)

UC

o 
R

4,
3,
4,
3,
4,
3,
4,
3,
4,
3,
4,
J ,
4,
3;

AND ISOTOPE CONTENT 
MASS AND ISOTOPIC CONTENT * * * *

i"! s 4"

F
J
F
J
F
J
F
J
F
J
F
J
F
J

15.4,F15.4
],MC4,J]
15.4,F15.4
],PC4,J]
15.4,F15.4
],QC4,J]
15.4,F15.4
];RC4,J]
15.4,F15.4
]*SC4*J]
15.4,F15.4
],TC4,J]
15.4,F15.4
],U[4,J]

-EXP(Ll*(T-8.4)))
EXP(L
-EXP(

2*T)-EXP(L2*(T-6.4)))
L3*(T-6.4)))

THEN 4848
GOTO 588
REM SUB
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
IF PCI
PRINT
PRINT
GOTO 2
PRINT
PRINT
PRINT

«

n

II

It

II

-ROUTINE

T __ "* "
X ",

T

FOR

"

ISOTOPIC RATIOS
* * *

Y "," Z

* ISOTOPIC RATIOS * * *  *"
" , " MLI ";" KAPPA "

MANTLE"
1 ]

QC1
TC1
736
PC 1
n

=
,
;

*

6 THEN
1]/PC1
1]/UC1

1],P[1

27
? 1 ]
, 1 ]

!* 1 ]

28
,RC1,1]/PC1,

, PC 1,1], PCI,

1 1

1 1

I,S

1 , P

[

C

1,1]/PC1,1],UC1,1]/PC1,1],

1,1]

UPPER CRUST"



2758 FOR ,1=2 TO 12
2768 IF PC1»J3=0 THEN 2888
2778 PR I NT QC 1P J 3/PC 1 P J 3 P RC 1P J 3/PC 1 P J ] j SC 1P J 3/PC 1 P J 3 P UC 1 P J 3/PC 1 * J 3 p
2788 PRINT TC1 PJ3/UC1PJ3
2790 GOTO 2818
2888 PR I NT PC 1P J 3 P PC 1PJ3 PPC 1pJ 3 ? PC 1PJ 3 P PC 1P J 3
2810 NEXT J
2820 PRINT
2836 PRINT "LOWER CRUST"
2848 FOR J=13 TO 23
'"' ft Is! Fi IF P C 11 13 = W THE N " '!"'  ' ̂
2860 PRINT QC 1 ? J 3/PC 1 P J 3i RC 1 P J 3/PC 1 P J 3P SC 1 P J 3/PC 1 P J 3P UC 1 P J 3/PC 1 P J 3p
2870 PRINT TC1»J3/UC1,J3
2880 GOTO 2988
2890 PRINT PC 1 P J 3p PC 1 P J 3? PC 1 P J 3 ? PC 1 p J 3p PC 1 P J 3
2980 NEXT J
2910 PRINT
2920 PRINT "OROGENE"
2930 IF P8=0 THEN 2968
2940 PR I NT Q8/P0 ? R8/P8 ? S8/P8 ? U8/P8 ? T8/U8
2950 GOTO 2978
2960 PRINT P0pP0jP0pP0jP0
2970 PRINT
2980 PRINT "UPPER CRUST CONTRIBUTED TO OROGENE"
2990 IF Pl=0 THEN 3828
3800 PRINT Q1/P1P R1/P1,S1/P1PU1/P1P T1/U1
3010 GOTO 3030
3020 PRINT P!PP!PPip Pip PI
3030 PRINT
3840 PRINT "LOWER CRUST CONTRIBUTED TO OROGENE"
3050 IF P2=0 THEN 3098
3860 PRINT Q 2/P 2» R 2/P 2 ? S 2/P 2? U2/P2 P T 2/U2
3070 PRINT
3080 GOTO 3188
3090 PRINT P2pP2pP2pP2pP2
3100 PRINT
3110 FOR ,1=1 TO 23
3120 MC IP J3=MC4p J3
3130 PC IP J3«PC4p J3
3140 TC 1» J3«TC4p J3
3150 UC IP J3»UC4» J3
3160 QC IP J3*QC4p J3+UC4P J3*a
3170 RC 1 P J 3~RC 4 .< J 3+ < UC 4 P J 3/1 c
3180 SC 1 P J 3«SC 4» J 3+TC 4 P J 3* (E*

P(L.l*T>»EXP(Ll*<T-8.4)»
7.88) *(EXP <L2*T)-EXP< L2*<T~8.4)))
P<L3 * T)-EXP<L3*<T-0.4)>)

3190 NEXT J
3200 T=T-0.4
3210 K=K+1
3220 N=N+1
3230 M=M+1
3240 IF N=13 THEN 4048
3250 GOTO 588
3260 REN SUB-ROUTINE FOR TpMflX
3270 PRINT " * *
3280 PRINT
3290 D1*<MC1P13-MC4P13>*T+D1
3380 D2=MCIP 13-MC4»13 + D2

19



3310 B=B1/D2
3320 IF N<12 THEN 3346
3338 PRINT "flVERflGE 1-iGE OF TOTflL CRUSTS TuMflX ="D
3340 FOR J=l TO 23
3350 ME IP J]*M[4p J]
3360 NEXT J
3370 T=T-0.4
3380 K = K+1
3390 N=N+1
3400 M=M+1
3410 IF N=13 THEN 4048
3420 GOTO 580
3430 REM SUB-ROUTINE FOR TuMIH
3440 PRINT " * # * * TjMIN # * * *"
3450 PRINT
3460 FOR J=l TO 23
3470 ME IP J3=MC4p J]
3480 NEXT J
3490 T*T-0.4
3500 K=K+1
3510 N=N+1
3520 M=M+1
3530 IF N=13 THEN 3559
3540 GOTO 580
3550 1-2
3560 J=13
3570 fll=0
3580 R2 = 8
3590 Bl=0
3600 B2=0
3610 FOR T=4 TO 0 STEP -0.4
3620 fll*MC4j I 3*T+R1
3630 fl2 = MC4i J]*T+fl2
3640 B1*MC4»I]+Bl
3650 B2«MC4»J] + B2
3660 1=1+1
3670 J~J+1
3680 NEXT T
3690 fl=(Rl+R2)/(Bl+B2)
3700 B-R1/B1
3710 C=R2/B2
3720 PRINT "R V E R R GE H GE 0 F T0T R L C R U S T 5 T , MIH(T.C.> ="R
3730 PRINT
3740 PRINT "flVERflGE flGE OF UPPER CRUST; T»MIN<U.C.)="B
3750 PRINT
3760 PRINT "flVERflGE fiGE OF LONER CRUSTS T»MIN<L.C.)="C
3770 IF N=13 THEN 4048
3780 REM S U B-R 0 U TIN E F 0 R R ES ERV01R C 0 HC E NTR R T10 HS
3790 PRINT " * * * * RESERVOIR CONCENTRRTIONS # * * *"
3800 PRINT
3810 PRINT " (EXPRESSED IN UNITS OF 10EXP-89 MOLES/GRRM)
3820 PRINT
3830 PRINT " J "»" 204PB "P" 238U "H" 232TH "
3840 PRINT
3850 FOR J=l TO 23
3860 MC1> J]*MC4i J3

20
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flPPEHDIX fi: PLUMBOTECTONICS MODEL (VERSION I)

2. LISTING OF SUBROUTINE POR MEftN flGE OP ISOTOPES IN CRUST-

10 REM PLUMBOTECTONICS MODEL OF ZflRTMflH & DOE (1980) - VERSION I
20 REM U.S.G.S. 0PEN-FILE REP0RT 80-1088
30 DIM MSC 4? 23 3»PSC 7 ? 23 3 ? TSC 7 ? 23 3 nUSE 7 9 23 3
40 DIM flSC113P BSC113 P CSC 113 P DSC 3 P 11 3
58 POR 1=1 TO 11
60 REfiD flCI 3
70 DflTfl 0. 125? 0. 0625? 6. 03125? 0. 015625? 0. 0078125* 0. 0078125
80 DflTfl 0.08781251.0.6078125-.0. 00781 £5 J0. 0078125? 0. 0078125
90 BCI 3 = 0.3
100 CCI 3 = 0.1
110 NEXT I
120 El=4
130 E£=l
140 E3=l
150 Fl=0.028
160 F2=0.754
170 F3=0.£18
180 P4=0.02
190 F5=8.788
200 P6=0.192
210 F7=8.024
220 F8=0.854
238 F9 = 8.122
240 U=2.6
250 L=2,6
260 FIXED 4
270 FOR 2=2 TO 12
280 FOR 1=1 TO 4
290 FOR J=l TO 23
300 MC I.i J 3=0
310 NEXT J
320 NEXT I
330 FOR 1=1 TO 7
340 FOR J=l TO 23
350 PC IPJ 3 = 0
360 TCIP J 3 = 8
370 UC I P.J 3 = 0
380 NEXT J
398 NEXT I
400 MC 1.1 1 3=800
410 PC In 13=38
420 TCIP 13=1335
438 UCIP 13 = 349
440 K=l
450 N=2
460 M=13
478 T=4
488 M8=8
498 Ml=8
580 M2=8

22
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1078 IF N>2 THEN 1126
1080 GOTO 1250
1090 PC 7 PN 3=PC 2»13*<M[4 .<H 3*F2/F>
1100 PC 7 P M 3*PC 2,13* < M[ 4 > M ]*F3/F)
1110 GOTO 1250
1120 FOR ,1=2 TO N
1130 PC 6 j J 3=PC 5 f J 3*(BE J-1 3+CC J-1 3-BC J-1 3*CC J-1 3> *E2
1140 P4=PC6pJ3+P4
1150 PC7P J3=PC5p J3-PC6P J3
1160 NEXT J
1170 FOR J=13 TO M
1180 PC 6 >J3=PC5 P J 3*C[ J-123*E3
1190 P5*PC6pJ3+P5
1200 PC7P J3«PC5p J3-PC6P J3
1210 NEXT J
1220 P3=P4+P5
1230 PC 7 ? N 3=P3* < MC 4 PN 3*F2/F)
1240 PC 7 ? M 3=P3*<MC 4 ? M3*F3/F>
1250 TC2P 1 3=TC 1» 1 3*flCK3*El
1260 FOR ,1=2 TO N
1270 TC 2 j J 3*TC1PJ3*(EC J-i 3+CCJ-13-BCJ-13*CCJ-13 > *E2
1280 Tl«TC2pJ3+Tl
1290 TC4> J3«TCli J3-TC2* J3
1300 NEXT J
1310 FOR ,1=13 TO M
1320 TC 2? J 3»TC1»J3*CCJ-123*E3
1330 T2«TC2»J3+T2
1340 TC4» J3-TC 1> J3-TC2* J3
1350 NEXT J
1360 T0=TC2pl3+T1+T2
1370 F=MC3?13*F4 + MC4? H3*F5 + MC4j N ]*F6
1380 TCSi. 1 3*T6*<MC3> i 3*F4/F>
1390 TC4»1 3=TC1» 1 3-TC2* 1 3 + TC3» 1 3
1400 TC 4 9 N 3*T@*(MC4»N 3*F5/F>
1410 TC 4» M 3 = T0*<MC 4»M3*F6/F>
1420 IF N=Z THEN 1458
1430 IF N>2 THEN I486
1440 GOTO 1610
1450 TC 7» N 3=TC 2 P13*CMC4 ? H3*F5/F)
1460 TC 7 P M 3*TC 2 P13*<MC4 PM3*F6/F>
1470 GOTO 1610
1480 FOR ,1=2 TO N
1490 TC 6 P J 3=TC 5P J 3*(BCJ-13 + CC J-13-BCJ-13*CCJ-1 3 >*E2
1500 T4 = TC6pJ3+T4
1510 TC7p J3«TC5p J3-TC6P J3
1520 NEXT J
1530 FOR J=13 TO M
1540 TC 6P J 3"TC 5P J 3*Ci: J-12 3*E3
1550 T5«TC6pJ3+T5
1568 TC7pJ3«TC5pJ3-TC6pJ3
1570 NEXT J
1580 T3=T4+T5
1590 TC 7 PN3*T3*(MC 4 pH3*F5/F>
1600 TC 7P M 3*T3*(MC 4P M3*F6/F)
1610 UC 2). 1 3=UC IP 1 3*flCK3*El
1620 FOR ,1=2 TO N

24
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2750 C3=DC 3* J3*(4. 4-fi. 4*J)+C3
2760 D3=DC3»J3+D3
2770 NEXT J
2780 PRINT "MEflN flGE OF 284PB ~"Cl/Bi"M.Y
2790 PRINT
2800 PRINT "MEflN flGE OF 232TH ="C2/D2"M.Y
2810 PRINT
2820 PRINT "MEflN flGE OF 238U ="C3/D3"B.Y.
2830 PRINT
2840 PRINT
2850 PRINT
2860 PRINT "Ci^'Ti > "C?.~"C2> "C3="C3
2870 PRINT ll Dl = II Dlj"D2="D2p 11 D3="D3
2880 END
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Mass distribution for the various groupings of reservoirs as a function of

time. M. n and M7 n are also given to illustrate the decrease in size of 4.0 4.0

crustal reservoirs with successive orogenies. fAll masses in units of 10 g]
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flPPENDIX B! PLUMBOTECTONICS MODEL (VERSION II)

1. LISTING OF MR IN PRQGRRM (PROGRRM IS SIMILRR TO THflT OF 
VERSION I GIVEN IN flPPENDIX fl EXCEPT THRT THE FOLLOWING 
LINES SHOULD BE SUBSTITUTED FOR THE EQUIVRLENT LINES OF 
VERSION I)

18 REM PLUMBOTECTONICS MODEL OF ZRRTMRN & DOE <1988> - VERSION II
118 X0=10.32
138 Z0=30.56
178 F1=0.036
188 F2=0.742
198 F3=0.222
218 F5=8.786
228 F6=0.194
240 F8=0.852
258 F9=0.124
428 PC I, 13=37
468 TCI?13=1310
478 !J[ 1, 1 3=344
588 DRTR 8.815625 ? 8.83125»8.8625:>6.8625? 8.83125? 8.83125
518 DRTR 8.03125? 0.815625? 8,815625? 0.815625>8.815625

2. LISTING OF SUBROUTINE FOR MERN RGE OF ISOTOPES IN CRUST 
(PROGRRM IS SIMILRR TO THflT OF VERSION I GIVEN IN flPPEN­ 
DIX R EXCEPT THRT THE FOLLOWING LINES SHOULD BE SUBSTITUTED 
FOR THE EQUIVRLENT LINES OF VERSION I)

18 REM PLUMBOTECTONICS MODEL OF ZRRTMRN & DOE (I 988) - VERSION II
88 DRTR 8.815 6 2 5 ? 8. 8 312 5 :  8. 8 6 £ 5 ? 8. 8 6 2 5 ? 8. 0 312 5 ? 8 -, 8 312 5
98 DflTfl 8.83125 > 8.815625»8.815625? 8.815625 50.015625
168 F1=6.836
178 F2=0.742
188 F3-8.222
288 F5=8.786
218 F6=0.194
id   j w F y ~ 0 > y 5 2 
248 F9=@.124 
428 PC IP 13 = 37 
438 TC1?13=1318 
448 UCI?13=344
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