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A program for calculating and plotting uranium-lead concordia-discordia
intercepts using the Hewlett-Packard Series 80 personal computers and
the HP-7470A graphic plotter
By John J. Brice III
Introduction

This program is in HP-series 80 Basic and is a convenient method for
calculating and tabulating concordia-discordia results and graphically
presenting U-Pb isotope data on a concordia curve diagram. The concordia
curve diagram can be plotted as a high quality plot on either standard paper
sultable for reproduction or on another media such as transparency film.

The concordia curve is the locus of 290pb*/238y versus 207Pb*/235U
points, for which the 206ppx/238y ang 207ppx/235y apparent ages are equal. A
useful characteristic of the concordia curve diagram is that rocks or minerals
that have either undergone varying degrees of no more than one episodic
disturbance in their Pb*/U radio or have lost varing amounts of Pb by a
process of continuous diffusion, will define a straight line, called the
discordia line. This line normally intersect the concordia curve at two
points (fig. 1). The upper intercept with the concordia curve may be related
to the primary age of the zircons present. The lower intercept may be related
to episodic lead loss and to the time elapsed since original crystallization
of the minerals (the age of the rock).

The user of this program enters a set of 206Pb*/238U and 207Pb*/235U data
points for each sample, a maxium of 100 samples can be entered. The program
then prints (see appendix 1) the upper intercept's 206ppx/238y gng 207ppx /235y
quotidiants and the corresponding age in millions of years. Then the lower
intercept and age is printed, and the correlation coefficient for the

discordia 1line (the best fit=-line) and the slope of the line and the
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Y-intercept are printed. Then the user is asked if a graphical plot of the U-
Pb isotope data on a concordia curve diagram is required. If the answer is
yes the computer will draw the graph on the 7470A Plotter. The computer will
draw the graph with a automatic scale (determined by the longest data point or
the upper intercept whichever is greater) or the user may enter the minimum
and maximum for the scales and the computer will then draw the graph to that
scale, plus 25 percent.

Equipment required

The Hewlett—-Packard Series 80 Personal Computer uses HP Series 80 Basic.
This program was written on the HP 85 computer and to enhance the capacity of
the computer an Advanced Programing ROM, Plotter/Printer ROM, and Matrix ROM
was incorporated into the unit. The Hewlett—-Packard 7470A Graphic Plotter, a
vector plotter, was used to produce the graph on standard paper and also on
other media such as transparency film.

The program

The program has been dimensioned to accept up to 100 sets of data
points. This number maybe expanded or decreased by changing the X() and Y()
on line 90. When the computer requests the 206Pb*/238U fraction number, the
user enters the number and then presses the End Line key. The computer will
request more data sets until the 100 points maximum is achieved or the user
signals an end by entering a negative 206Pb*/2380 fraction number.

The program was written for the HP 85 computer and the print statements
with Tabs will need to be changed for a full line printer. The Tab lines are
250, 260, 270, 380. Lines 40, 60, 80, and 1490 will also have to be
changed. There will be a spacing problem between words on lines 1930 and
3080. The spacing will also have to be changed on line 2160 for the display

screen.



After all data points are entered the program will display "Program is
working” as the computer calculates the coefficients, determines the
largest 207Pb*/235U data point to scale the graph, and the intercept points
with the concordia curve. Then the computer prints the upper and lower
intercept's age in millions of years and the 7*/5 and 6*/8 location of both
intercepts. The age scale can be changed by changing the equations on lines
950 and 1090 and by changing scale labeling on lines 1130, 1240, 2000, 2540,
and 2720. After the information on the intercept points is printed,
information on the best-fit concordia line is printed. The correlation
coefficient number is then printed. This is the proportion of the variance of
the data points explained by the best=fit concordia line. Then the slope and
the Y-intercept of the best-fit line are printed.

The program can be ended at this point, or the user may proceed to the
plotting portion of the program. The plotting portion consists of two
steps: autograph and self-graph. If the autograph step is requested, five
prescaled graphs will be plotted. These can be used to get synoptic view of
all of the data points. If the user then would like to study one portion of
the graph, the graph can be rescaled to a scale that the user chooses by using
the self-graph step. The user is requested to enter the scaling information,
and then the computer will redraw the gfaph to that scale. If some or all of
the data points fall outside of the new scaled boundaries they will not be
plotted.

Before the user proceeds to the self-graph step, the user may want to
remove the printout from the printer. When the self-graph plot section of the
program is activated the printer will print out the information needed for

graphing.



If the user does not want to use the autograph step, the user types no

when the program askes if you want to autograph. The program will then print:

=
Vo

HOTE:THERE 1% H BUILT-IH 25X
INCREASE IN THE ¥¥-5 AHDO &x-32
MAX . SCAHLE FOIMTZ.

IF YOU ENHTER H MWREOHG HUMBER

FRESS PAUSE AWD THEHW COHMT.
THEM REENTER THE HMUMBERS FEOHM

Hel,10.

Hil,12=7%<5 MHx. POIHT
Hil,2)=74%-5 MIH. PFOINT
M{1,32=74%-5 TIC SPACIHNG
H(1,42=74-9 MAJOR TIC SPRCIMG
He1,5x»=FxD OF v#%-35

Hil,62=TIME TIC SPACIHNG IN m. .
Ni1,7o=FAD OF g¥-2

Hil,8»=5%-2 MAX. FOINT
H(1,8»=6%-8 MIH. POIHT
H{l1,1a>=6%,8 TIC SPACING

This information explains what the user is required to enter. If the user
does not want to use the 25 percent Increase in the 7*/5 and 6*/8 maxium scale
points on the graph. Lines 2310 and 2370 should be changed. If 25 percent is
eliminated the N(I,1)x1.25 in both lines and the N(I,8)x1.25 in line 2310
should be changed to N(I,l1) and N(I,8). Line 1930 can then be eliminated. If
the user enters the wrong data, press the Pause and then the Continue keys.
This will erase the plotting information, and the display will show:
N(1,1)? After the N(1,10) data is entered the program plots the graph. The
self-graph can be used more than once,but the printout (see above) is only
printed once.

In both the autograph and the self-graph steps you can title your graph
with a maximum of 50 characters. 1If no title is needed press the Return Key

and the program will proceed to the scaling of the graph.



This program provides a quick convenient way to plot uranium-lead isotope
data points on a concordia curve diagram and to determine the age of a rock.
The plotting portion of the program can graphicly display the data for quick
evaluation. This program has not been designed to handle errors and error-

correlations.



Running the Program

Execute the RUN command.

Digplay

ENTER FRACTION # N
(TO TERMINATE, ENTER 6%/8<0)

6*/8?

7%/5?

PROGRAM IS WORKING

DO YOU WANT A GRAPH?

DO YOU WANT AN AUTO PLOTTED GRAPH?
ENTER THE FOLLOWING DATA

N(1,N)?
ENTER TITLE OF PLOT (50 CHAR. LONG)

DO YOU WANT THE FRACTION POINTS
NUMBERED?

DO YOU WANT THE DISCORDIA LINE?

DO YOU WANT TO PLOT ANOTHER GRAPH?

DO YOU WANT TO PLOT A NEW SET OF
FRACTION POINTS?

‘Enter YES or NO.

Response

Enter your 206pp/238y fraction
number. After your last data points
have been entered and this request is
displayed again enter any negative
number. The program then proceeds to
the next step.

Enter 207Pb*/235U fraction number.

Enter YES or NO

Enter YES or NO

See the printout for the needed
response. N=1 thru 10

If you want to title your plot, if no,
press the return key.

Enter YES or NO. If YES, the points
will be numbered the same as they were
entered.

Enter YES or NO

If YES, and if you
have been using the autograph step,
remove your printer data from the
printer. It you have been using the
self-graph step, the display will show
"Enter the following data”. This will
also be displayed if you have used the
autograph step and typed in yes.

Enter YES or NO. If NO the program
ends, if YES the program will start all
over again. Note: remove all printed
matter from printer before pressing the
return key.



10
2B
39
40

=1

60

78
80

99
188

119
129

Program list

PRINT @ PRINT
OFTION BRSE 1
CLEAR ® DISP

PREINT "¥¥EEXRFEERxkR¥LER029 %%
EERRRRRLRE"

PRINT

PEINT "URANIUM-LERD CONCORDI

A-DISCORDIAINTERCEPTS"
PRINT

PRINT "SEXEfskxkkkXXXERLREKR
XERKRERRLRL "

DIM X<188>,Y(1983, T$LS8, NS
.105,CC1808), Y$L2], NSL2
Y$="YES"

N$=“N0"

T$=" ABCDEFGHIJKLMNOPERSTYMX
YZ.0123456785 1 #%8" (>;:, <> 7+-
t/n=@”

I E=§

IX=51

TY=52

IX2=53

IXY=54

IY2=55

XI=X

Y1=Y

NPTS=N

| YARNCE=Y

N=a

PRINT ® PRINT @ PRINT

PRINT "FRAC #";TABC103;"2B6P
bX": TAB(22); "207PbX"

PRINT TAEC1@);"------ " TABC2
2'};" ______ i

PRINT TREC11):"238U"; TABL23)
; " 23sy"

PRINT

FOR K=1 TO 108

DISP “EMTER FRACTIOM #";K
DISP "<TO TERMINATE.ENTER 6%
I4-24: PRy

DISP

DISP "6%/8 ";@ INPUT Y(K>

IF Y<K><@ THEN N=K-1 & GOTO
411

DISP

DISP "7%/5 ";@ INFUT X(K>
DISF

PRINT TABCZ)3K; TABC18)5Y(K);
TRECZ2) 3 %KD |
PRINT

NEXT K

| ACCUMULATE SUMS

CLEAR & DISP

DISP @ DISP @ DISP “PROGRAM
1S WORKING"

S=9

S1=@

s2=0

S3=@

m



4806 54=0

498 S5=9

569 FOR I=1 TO N

518 X=K(ID

926 Y=YC(I)

230 5=5+1

5408 S1=S1+X

358 S52=52+Y

368 S3I=53+RX%X

978 S4=54+X%Y

588 SS5=53+YXY

590 NEXT 1

698 ! CALCULATE COEFFICIENTS

616 | DELTH=D

628 D=S*S3-51%51

638 A=(S3¥S2-S1%54)>-D

£49 B=(S4X%S5-S1¥52)>-0

658 R=(S¥S4-S1*¥S52)/SAR(D*X(5455-S
2%82)y»)

668 | BUBBLE SORT TO DETERMINE
THE LARGEST » TO SCALE THE
GRAPH.

678 FOR K=1 TO N

680 NEXT K

690 FOR K=1 TO N

v08 CC(KI=X(K)

718 NEXT K

720 H=HN

738 FOR J=1 TO H-1

748 FOR K=1 TQ H-J

7o IF CCKI>=CCK+1)> THEN 738

768 T=CC(KD

77l CLKOI=C(K+1>

788 C(K+1>=T

798 NEXT K

8388 NEXT J

818 FOR K=1 TO N

828 NEXT K

238 0=CC(1>

848 PRINT R PRINT 2 PRINT

85@ ! E=B IN Y=Mx+B

260 ¥=0

g8re Y=o

889 E=A-BiX

896 ! LOWER INTERCEFT

500 Y=BXX+E

919 X1=EXP(.PAB98485%LOG(Y+1)~ . @
28155125>-1

928 D=HABS(X1-x>

938 X=¥1

948 IF D> .990GBO1 THEN S99

958 J=X

€8 M=Y

978 TC1X=LOG(M+1,- . BB2155125

9808 X=J%1.2

988 IF X<B THEN X=. 00088033

1688 Y=p :

1918 ! UPPER INTERCEPT

1028 Y=EXP(.00B155125%kLOG(X+1)-.

pP96485),-1



X1=C(¥-EO>-/B

D=ABS(X1-X>

R=¥1

Y=BXX+E

IF D>.e008801 THEN 1926

G=¥

H=Y

CLEARR @ DISF
T(2>=LOGC(H+1>/.8680135125
PRINT "UPPER IMTERCEPT IS:"
PRINT

PRINT USING 1158 ; T(2)
IMAGE "T=",2X,SDC30.D," m.¥

PRINT

PRINT USING 1180 ; G
IMAGE "7%-5= ",30.50
PRINT

PRINT USING 12106 ; H
IMAGE "s%-8= ",3D.5D
PRINT @ PRINT

PRINT “LOWER INTERCEPT IS:"
PRINT

PRINT USING 1268 ; T(1)
IMAGE "T=",2X.,SDC30.D.," m.

<

PRINT

PRINT USING 1298 ; J

IMAGE "7%-5= ",30.50

FRINT

PRINT USING 13228 ; M

IMAGE “ex-s2= “,30.50

PRINT

PRINT

PRINT

PRINT "CONCORDIRA LINE:"
PRINT

PRINT

PRINT USING 1484 ; R

IMAGE "CORRELATION COEFFICI
ENT= ",Z2.3D

PRINT

PRINT USIHG 1438 ; B

IMAGE "SLOPE= ",2D.5D

FRINT '

PRINT USING 1468 ; H

IMAGE "Y-INTERCEPT= ",20.5D
PRINT

PRINT

PRINT "¥¥erkkXkkkiiddikiisx
xEdkckkkikkye

PRINT

PRINT

PRINT

PRINT

PRINT

CLERAR @ DISP "“DO YOU WANT A
GRAGH" ;& INPUT A%

IF A$=N$+ THEN 3870

I GRAPH PLOTTING

10



1958

196n
1978

o

=9
DISP @ DISP "DO yuu WRANT AN
AUTO GRAPH";@ IMPUT A%

IF R$=N$ THEN 1889
DATA .1.9,.085.4,3,10,3, .61
6.0, 0061

OATA .3.8,.081,5.2,206,3, .943

»8, .003

DATA 1.8, .85.4,2,58.,2,.12.9
. .01

DATA 6,8, .2,5,1.,280,2, .36,49
: .83

DATA 190.,0.5,2,0,5008.2.1.,0,
.1

MAT READ H

IF G>0 THEN 17396

IF 0>6%1.2 THEN 1868
IF 0>1 AND 0<=6%1.2 THEN 18
40

IF 0.3 AND 0<4=1.2 THEN 182
]

IF 0>.1 AND 0<=.3%1.2 THEN
1508

IF 0<=.1 THEN 1789

IF G>6%1.2 THEN 18&@

IF G»>1 AND G<=6%1.2 THEN 18

IF G>.3 AND G<=1.2 THEN 1&2

IF G>.1 AND G<=.3%1.2 THEN
1304

IF G<=.1 THEN 1738

I=1

G0TO 2126

I=2

L0TO 2128

I1=3

GOTO 2128

I=4

LOTO 2129

I=5

GOTO 2126

I=1

REDIM HNC1,1@) .

CLEAR @ DISF @ DISF “"ENTER
THE FALLOWING DATA"

OISF

1F S=1 THEN 2890

PRINT "NOTE:THERE IS A BUIL
T-IN 25% INCRERSE IN THE
7¥/5 AND 6%-8 MA¥ . SCALE
FOINTS . "

PRINT @ PRINT "IF YOU EHNTER
A WRONG NUMBER PRESS P
AUSE AMD THEN CONT. "

PRINT "THEN REENTER THE HNUM
EERS FROM NCLl,1o."

PRINT

PRINT "N<1.10=7%,5 MAxX. FOI
HT"

11



PRINT “N{1.,2>=7%75 MIN. FOI
NT i1

PRINT "N(1.,3>=7%-5 TIC SPAC
ING"

PRINT "NC1,4)>=7%/S MAJOR TI
C SPACING"®

PRINT "NC1.,5)=FXD OF 7¢x~-5"
PRINT “N(1,6)>=TIME TIC SPAC
ING IN m.»."

PRINT "NC1,7V>=FXD OF s%x-/&"
PRINT "NC(1,8)>=6%8 MAX. POl
NT"

PRINT "N(1.,9)=6%-8 MIN. POI
NT"

PRINT "MN(1,18)>=6%-8 TIC SPA
CIHG®

PRINT @ FPRINT @ PRIMT ® PRI
NT

S=1

MAT INFPUT N

MAT PRINT N;

PKIHNT @ PRINT @ PRIMT @ PRI
MT

FPLOTTER 1S 7@5

G=8

g=8a

PEN 1

CLEAR @& DISP @ OISF “ENTER
TITLE OF PLOT (S8 CHAE.
LONG? . ";@ INFUT T#

PEH 1

MOVE 28,85

LABEL T%

PENUF .

MOVE 55.2

LABEL "2BVPb¥x~-235U"

FPENLP

MOVE 2,506

DEG @ LUDIKR 99

LABEL "za&FPbXx-23cU”

PEHUF

OEG @ LDIR B

LOCATE 14,125,15,95

FRAME

SCALE NCI,23,HCI12%1 .25, H!
1,9),N(l,8)%1 . 2S5
OEG @ LOIR 98
FXO HCIL.Ss,NCI,
LAXES NCI,3>,NCI, 182, HC1,2)
JNCIL9),NC(1.4),2,

FENUP

MOVE NCI,Z2),NCI,9,

FOR X¥=8 TO NC(I.,1>¥1 . 2% STEF
NM{I,1>-108

F=_1575112941

Y=(X+1)~F-1

ORAW X, Y

NMEXT X

w=0

FEHUP

1
]

12



2444
2451
24608
2478
2480
2498
2588
2518@
2528
2538
2548

2558a
2560

2571
2586
2598a
2680
261@
2626
2638
2640
2659
2668
2670
Z53n
2690
2rae
2v1ia
2720
2738

2740

2756
2764
zera
278a
27°9n
2ga0
2310
2828

2838
284n
2858
2858
287@
2e388

2894
2908
291u
zZ92a

2334
2944
2954

IF S=1 THEN Z2&30

MOVE Q.02

T=NCI,ED

FOR L=1 TO 1@8
Y=EXP(T*.0880155125>~-1
X=EXP(T¥X.286898485)-1
T=LOG{X+1)>/.8R0984235

MOVE X.,Y

IF X<N{I.,2> THEN 2528

IF X>NCI,1>%1 .25 THEN 25006
IF ¥>NC(I,8>%1 .25%.9 THEH 26
na

IF Y<{NC(I.,9> THEN 25%@&

LORG 2 @ LABEL USING *"2#,DC
30,5A" ;5 "-=";T," m.y». "
PENUF

T=T+NC(1,6>

NEXT L

PENUP

¥=0

GOTO 279na

MOVE 2.0

X=NC1,2)>
T=LOG(X+1)/ . AAA9E4ES

FOR L=1 TO 1864
Y=EXP(T¥.08008155125:~-1
X=EXP(T%.08098485:~-1

MOVE X.Y

IF L=1 THEHN 27586

IF Y<NC(1.,92) THEN 2766@

IF X>NC1,1>%1 .25 THEN 2789
IF Y>NC1.,8>%1.25%.9 THEHWH 27
=%}

LORG 2 @ LABEL USING “2R.,DC
20.58Q" ; "==";TL," m.y»."
FENUP

T=T+NC(1,5)

NEXT L

X=0

FOR L=1 TO N

MOVE KC(L>,%¥<Lo

IF YCLX<NCL,9> THEH 2573

IF Y{L>>N<I.,8>%1.25 THEH 2¢&
a

IF XCLIY<HLI.2> THEN 2875
DEG @ LDIR &

LORG S @® CSIZE 3Z,1.,0

LABEL "%*

NEXT L

DISP @ DISP "0O0 YOU MANT TH
E FRACTION POIMNTS NHUMBERED"
i@ ITNPUT C#%

IF C$=H% THEN 2z9g8

FOR L=1 TO H

IF Y(LIY<NC(I,S) THEN 2z97@

IF YC(L>>NCI,8>%1 .25%.995 THE
N 2978

IF RCLY<NCYI, 2> THEH 2276
MOVE X<Lx,Yd(L?

LORG 2 @ CSIZE 2.,1.9

13



2961
2978
2980
2934a

3004
3018
3924
3038
3A48
30856

380
J07A
3886

Zasia
3186
3114

LABEL "--";L

NEXT L

PENUP

CLEAR €@ DISP ® DISP "DO YOUu
WANT THE DISCORDIA LINE";®
INPUT D#

IF D$=N% THEN 385¢

MOVE B.A

Y=A+BX<(NC(I.,1)>%x1 25>

ORAW NCI,1>%1.25.%

PENUP

DISP ® DISP "DO YOU HANT TO
PLOT ANOTHER GRAFH"; &
INPUT S#

IF S$=Y¢% THEN 188¢

CLERR @ DISP B DISP

DISP "DO YOU WANT TO PLOT R
NEW SET OF FRACTIOM POINTS
";@ INPUT C#

IF C$=Y$ THEN 18

CLEARR @ DISP

END

14



Appendix 1
This is an example of the printout of the data using the HP-85's built-in

printer, the data was used to graph figure 1.

I3 0533332338520 2RSSRERSR SIS S3 1

URAHIUM-LEAD CONCORDIA-DISCORDIA
INTERCEPTS

E2R 2SRRI AR RIS EL SRS SRS

FRAC # 2ecPbi 267FLY
“zasu “z3su
1 15256 1.7952
2 20365 2.459%

= 12585 1.44%
4 120582 1 37eV
S 168334 1.144%

UPFPER INTERCEFT 18

T= «1.488 .58 wm.».

THoS= 3. @526
EhsE= 24428

LOWER INTERCEFT 1&:

T= 4Z2T.4 m. >
Ta/C= Z453%
o= CATSE

CONCORDIAR LINWE:

CORRELATION COEFFICIENT= ©.98953%

ELOPE= .a7ov1
Y—~INTERCEFT= .€leve

(2R SRS S SR P RE R AN C R VRS SER D DD D]
15



