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Programs in Hew1ett Packard BASIC for Storing, Retr1ev1ng and Plott1ng
| Rare Earth Element Data for Geochemical Studies, using

HP 9831/9872 desk top computers and, p1otters
By Kenneth R. Ludwig
and

John- S. Stuckless

INTRODUCTION

Rare-earth elementL(REE)'abUndance data are used extensively in petrologic
and‘deochemica1 studies'(see,HanSon, 1978; for examples). iREE data are used
to place constraintscon parent materials and degrees of partial melting, on
amount. and type of fractiona] crystallization, and on oxygen fugacity of
igneods rocks.j Conclusions ‘are usually supported by*p]ots'of the_data,
graphed as the log of the norma]ized‘REE?abundances,versus either the atomic

numbér of fhe‘REE:or itsfionic:radius. Odevof the programs given here permits

filing and retrieval of raw REE abundahce data in a form permitting various

types of editing, and' the otheriprogram plots such data normalized to either
standard chondr1te abundances or a data-set chosen by the user Features of -

the- p1ott1ng program perm1t data-1nput either from 50-set data files or from

the computer keyboard, and can interpolate or extrapo1ate-certa1n types of -

missing data points where necessary. The plot may be'scaled to arbitrary
s1zes and d1mens1ons, and is sat1sfactory for either publication as-a reduced _

f1gure or as an or1g1na1 for colored transparenc1es



EQUIPMENT REQUIRED -

The. programs were written for a HeWTettaPackard 9831 computer with at.
least 8K words of memory, and a Hewlett-Packard 9872 p]otferl/; The 9830 -
model«computér and 9862 plotter may also be used, with some modifications.

OPERATION OF DATA-FILE PROGRAM -

The-data~file~program (abpendix.I) permits data to be stored in files of
as much as 50 data sets in 3000-word files. Seven options are available for
manipulating the déta.ﬂ'The-first four options are displayed upon.running the
program, and the last three may be seen by pressing the left-pointing arrow on -
thev"disp]ay” portion of the keyboard. The ‘user must enter the number |
éorresgohding to the désired option. |
CREATE (1)

To create a new déta.fi1e,_use option 1. Ehter a file name (a maximum of =
40 Characters) for ﬁhis data f11e‘whén-requestedf fThe compﬂter Wi11 then
request a,samp]e»nahg,(as many as 60 characters), ahd»the’abundances in ppm of
all fhe.REE'except‘ﬁromethium; If no data afe available for a particular REE,
enter zeEo.'va the-data are tenfative or calculated, the user may‘enter the
va]ué as 3 negative number;_in which case the p]otfingvprogram will use dashed
lines to and from the poiht.~ After a11ZREE_data‘have been entered for a.

" sample, nameband data for the ngXt da£é set wi11'be.réquested.j When data for
all desired samples havé been.entéred, enter a space in fesponse‘to the )
samplé-haﬁg_réduesf.v'Theldiéplay‘w111 thénvbe, "STORE ‘IN TRACK #, FILE #7".

If thé'data:afe to.be‘stbred, ﬁﬁé appropr1ate trackiand:file numbers are |

entéred.j The user ‘should make sure. that the tab on'thé”data;tépe‘15~in the

: l/The;uée of trade names*in‘thisﬁpapér'are<f0r;desckiptﬁveApurboses;Qn1y ‘

and-do.not“necessarily-conétitute'endorsement by thé U.S. Geological Survey.



store posxtxon and that the file is marked and at least 3K words 1arge It
the data are not yet to be stored, input a space. | B
ADD (2): ‘ .

To add data fonradditional samp]es, use option 2. Enter the track and -
fite numbers-When requested- (or a space if aiready in.memory) of the data file
to which data are_to be added,.and.pnoceed as outlined abovem"

EDIT (3): . - e

To edit (cOrrect) dataufor any of the data sets, use ontion 3. Enter tne ,
appropriate track and.fi]e numben When requested (or a space if already in
memory) . Enter the. set number to be: edited, making sure that: the number
corresponds. to an existing set; The disb]ay will then be’"REEeTO BE
EDITED?". If you wish to edit just a few-of the REE data, input the e]emente
to be corrected, separated by'commas, for example, "Ce, LU, br, YB". Note
~ that either capita]‘or“loweracase 1etters may be-used The: d1sp1ay will then
reduest data for these elements. If all REE are to be ed1ted, s1mp]y enter
the word "all™. If the samp1e name is to be edited, enter "name", followed by
the REE (or "aH") to be edited. |

When a11 the sets to be edited are done enter a space in response to the
“SET # TO BE EDITED?" d1sp1ay
~ PRINT (4): | | |
To obta1n a pr1nt~out of the data in“a data f11e use option 4 (fig; 1).

Enter the appropriate track_andnfi1e number when requested~(or a space if
already in mémcry) 'Th"e'.?vdisp’lay will then be ."SET(S)‘ TO'BE'PRtNTED ouT?". If |

a s1ngle number is. entered the data from that set w111 be pr1nted 'If two

o numbers separated by a comma are Jdnput (for examp1e, 2, 17), a]] ‘the sets’ from

i“:the f1rst number through the second number w111 be pr1nted in consecut1ve

o .order when a]] the des1red sets have been pr1nted enter a- space



In addition to the raw numbers in the data file, three other -values may. be
" printed out. If Gd and Sw data are available, a'va]ueAinditating the degree
of Eu anomaly compared to chondritic values, labeled as Eu/Eu*, will be

calculated. This'value is calculated from

-~ : ‘ ‘ S /
CRu/Bux = 10[L0G(Sm5/5mc)+LOG(Gd /Gdc7]72

where s - and ¢ refer'to sample‘and chondrite, respectiveiy ' Thﬁs expression
corresponds to the ratio of observed chondrite-normalized Eu and the
no-anomaly chondr1te-norma11zed Eu caldulated by 1nterpo1at1ng between the
1ogs of the chondrite-normalized Sm and Gd va]ues

If La and~Lu,datavarerava11ab1e,-the va1ue 1abe1ed‘(La/Lu)e.f. ;111 be
calculated. This-ye1ue_(La/Lu enri;hment factor)»is simply'the,ratio of the
chondriteenormaiized~La and Lu values, and: reflects the degree of relative REE
fractionation. If a Yb value is aVailab]ejbut not'an Lu value, a (La/Yb)e f.
value is calculated. - The chondrwte REE abundances used are the best est1mates
of unfractionated " chondr1t1c abundances suggested by Evensen and others (1978,
p. 1203, column 4).
' DELETE (5): | |
To delete any data set from the data fi]e,‘use option 5. A1l higher.
" numbered.-sets will then be renumbered to one-lower set number .
INSERT (6): | |

To 1nsert a new data set in between ex1st1ng numbered sets, use opt1on 6.
qu11 h1gher -numbered sets will then be renumbered to one h1gher set number
~ EXCHANGE (7) S | o
. To exchange the set numbers of any two sets,_use opt1on 7 Qperation is o

r'stra1ghtforward



OPERATION OF PLOTTING PROGRAM

The,first_displar.upon.running theiprogram‘(appendixfII) is-"SIZE-STD(1)
SMALL(2)<OTHER(Q)?";. The standard s1ze (1) is an 8-1/2 x 11 inch sheet of
paper p]aced vertically at the 1ower left. corner of the plotter. The small
size: (2), part1cu1ar1y'su1tab1e‘because of the greater apparent: |
Tine-thickness, fqr-transparencies;or figures to be highly reduced; occupies a
smaller portion of the same paper If other (ﬁ) is chosen, the user'must
position the P1 and P2 po1nts which define the extremes of the plot by us1ng
“the controls on the plotter h1mse1f |

The. next -display, " ABEL FOR THIS PLOT?", requests a <40-character label.
which will be 1ettered at the top of the plot. = Enter a space  if no label is
desired. The.next display, "CHONDRITE NORMALIZED (1=YES)?", should be
answered with a 1 if the data file or'other REE data (in ppm) are to be -

A normaltZed-to:chondrite abundances, and with a @ if“the.data;arehto be
normaltzed"in'some'other way. If~thejdata~are'not to. be chondrite-normalized,
the-display'wi11 request -an 18-character label for the Y-axis (tor examp1e;
MINERAL/WHOLE ROCK) ’bThe next diSp]ay; for example "SAMPLE/CHONDRITE LIMITS?"
"(or “MINERAL/WHOLE ROCK LIMITS?", and o) on) requests the range.of Y-axis

values that the p1ot must accomodate. Enter the'minimum and maximumAva1ues, l
separated by a comma (for:example,.zo,'2400)._fThe.plotter‘will'then draw the
‘framework of the plot. |

The next d1sp]ay, "(*TRACK# FILE# ) SET#’"; can be answered in several

’4»ways

If the data to be: p1otted are not to be chondr1te norma11zed us1ng the
defau\t values 1n the program then, the correct norma11z1ng vatues must be .

© entered (see be1ow)



The default, standard unfractionated chondritic REE abundances are those A
suggested by Evensen'ahd others (1978, p. 1203). If the data to be p]otted‘fl
arelih a data file but‘notiyet‘in'memory.(as.wodld,be the case for the first
vset to be plotted), then the input must be in the Form‘of’the track number and
 file number of the appropriate data file, and the set number of - interest.

Thds if the user wished to plot data from set 17 of the data file in track 1,
vfi]e 18, the input would be 1,18,17. | Note\the mandatory commas. ‘Once-a
data-file is in memory, however only the set number need be speC1f1ed for
example, 17. In other words,. the track: and file numbers - need be spec1f1ed in
the input.onWy when the data file of interest has not been loaded into memory.

If the REE data‘to be plotted do not exist in a data file, the ueer may
input data from the keyboard by a response of K. (or k). - The computer will
then request the,REE data by element. As in the data-file phogram; input zero
for elements with no data, and key:any hypotheticaT.Or calculated values by
inputting the valueS'as'a negative numberf ‘These keyboard entered data'wi]1
replace the data of. set 50, whether defined or not, tn*the computer‘hemory.

To inout data to be used for norma]ization; use N (or n) as.the first
character'of the-"(*TRACK# FILE#') SET#’"‘response‘ If the norma]izing data-
are in a data f11e, the rest of the response fo]]ows the same format as for

the usual data input, for examp]e, an 1nput of N@,4,6 w111 resu]t in the REE
:data of set 6, data ft1e of track 9, file 4, being used as the norma]1z1ng

valdes Iffthe normaltzing data'are not»avai]ab]e in.a fi]e;:ah input of

C swmply N (or‘n) will perm1t keyboard 1nput of the data for norma11zatxon The

d1sp1ay wh1ch fol1ows w11l be: "ELEMENT NORMAL PPM7"a Answer-wwth the element

”symbo1 comma, ppm of that e1ement for examp]e Ce lO 6. The element symbo]
may be both upper case, both 1ower case or upper and 1ower case. Any element
not def1ned w111 be ass1gned a value of zero. - When all known va]ues have been

"entered,j1nputva-space. E E.



After data input, the: next display wi11<be “PLOTTING SYMBOL:(,PEN#)?“.
Any nppehbcase symmetric keyboard symbol may beaused_as a plotting symbol, for
exampTe, 0, *, +, X, er;notsymbol at a1Tf(§pace), A1ternatfve1y, an arbitrary
equilateral polygon may be used, in which case enter P or p (for éolﬁd or open
polygons, respective]y)'as.the b1otting symbol. 5A pen number (corresponding
to the: pen ndmbers on the blotter) may also be specified‘ If no pen number js
specified, the pen wh1ch is currently in: the holder will be used If Porp
is entered for the plott1ng symbo] the display will be "# SIDES, ROTATION
(degrees).?". Enter the numbeér of sides the polygon is to have (must be >2),
and the angular position of one of “its. vertices For example, an 1nput of -
4,45 w111 give a square with sides parallel to the s1des of the plotting paper‘
(vent1ces at 45°)., The angle is measured counter-clockwise .from the X-ax1s,

If Lor 1 is entered as. the plotting.symbol, the program permits:drafting
of‘aﬁphrase/of arbitrany 1etter.size,anywhere fn the: plot. The first disp]ay‘
will be "LETTER SIZE'(1~3)?"; Enter a number. to define the relative size of
the‘letters. Numbers nithin’a'rande.of.i to 3 work best.. A duestion'mark
will then;appear~on the display. The pen_may‘then be positioned«us{ng the
four "DiSPLAY“:arrows on the keyboard. Each keystrohe will move the pen one
charaeter‘wtdthuor line height. Press the STOP~key when the pen. is
positioned. "PHRASE TO BE LETTERED?“ will then appear in the‘dispTay. Type
. in the phrase; press the EXECUTE key. | - |
PLOTTING PROCEDURE: o

After the data are 1nput they are norma11zed and- each non-2ero and

.'pos1t1ve data po1nt is plotted- w1th the plott1ng symbol and pen co]or chosen

"f'-by the user ’ These po1nts are- then connected with- a 5011d 11ne If the Sm

‘value is. m1sswng (that 15, zero) but the‘Pr, Nd, and Eu va]ues are nresent; a

va]ue will be: ca]cu]ated from extrapo]ated Pr Nd trend and a T1ne dashed into



.and,odt‘of'tniS'eXtrapd1ated'§m value. A similar procedure. occurs for Gd -
where Eu, -Tb, and Dy'data exist. NegativevvaTuesAare automatically converted
to absolute values, and the lines connecting such values dashed. An example. -

- of a typical plot is shown in figure 2.
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Figure Captions

Figuré-l: _ . |

Typical prinfout ofvthe REE data-file program. Values of zerb-fesuit in
dashed-1ine output. |
Figure 2: -‘ | : |

Example of REE plot of data in 1. Set 1, space as plotting éymbol, no
negapivefdpta; set 2, 'solid, 15;sided'p61y90n as plotting symbol, negative Ce,
zero Gd; set 3, three-sided, open'polygon>with,verteX'ét’270°, no negative
ddta; set-4, spacefas plotting‘symbo1; all nonzero values negative; set 5,

asterisk as plotting symbo],'nofnegative data.
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APPENDIX I - LIST OF DATA-FILE PROGRAM

COM YS{50,14],T$(40]),NI[50,30],I2
REM REE DATA-FILE PROGPAM, -50 SETS MAX, K.R.

DIM DS${2],N$(601,A$(80),M$[2],25(10],S([14}

DATA "La","Ce"™,"Pr™,"Nd","Sm"”,"Eu","G4a", "Tb"
DATA "LA"Y, "CE" "PR“ "MD", "SM™, 'EU" “GD" ,"T8"
DATA “la","ce”™,"pr"™,"nd","sm" ,"gd"”,"tb",

LUDWIG, 2/79

, nDYn.' 'Hé" ,"Er","Tn" ;.an" ,"LU"V
,"DY","HO","ER","TH","¥YB","LU"™

"dy","ho", fer" "tm" ,"yb","1lu"

REM STANDARD UNFFACTIONATED CHONDRITE REE ABUNDANCES
REM EVENSEN AND OTHERS, 1978, GEOCHIM. COSMOCHIM. ACTA, V.42, P. 1199-1212
DATA 0.2446,0.6379,0.09637,0.4738,0.154,0.05802,0,2043

25="0123456789 ™
RESTORE 90
MAT READ. S

INPUT FO

IF FO<1 OR FO0>7 THEN 140

GOTO FO OF 180,480,570,960,144C,1600,1990
"12=0 '

DISP "FILE NAME";:

JINPUT TS[1,40]

MAT Y=ZER-

MAT N=ZER

‘N s =‘n>||':-

"FOR I=1 TO 50

Gosur 290

12=12+1

NEXT I .

GOTO 880

GOSUB 310

GOTO 360

'DISP "SAMPLE NAME";

INPUT N$

"IF N$=" " THEN 880 - . '
TRANSFER N$ TO N[I 1] o -
RETURN . ‘
RESTORE 40

FOR M=1 TO 14

READ D$

GOSUB 410

GOTO- 440 .
DISP "SET #"I"-~ PPM 'D$-_'*
INPUT YI[I, M] :

PETUPN

‘NEXT M

EETUFRN

12=12+1

RETURN -

GOSUB. 1780 - o

IF 12<50. THEN 520

DATA 0. 3745 0.2541,0.0567,0.166, 0 02561 0. 1651 0.02539 .

DISP "CPEATE(l)ADD(Z)EDIT(3)PRINT(4) - (S)DELETE' (6) INSERT (7)EXCHANGE

PRINT LINl'**** DATA~ FILE IS FULL ****"LIN3 4

o 13 

e ——— i e i



1010 T=1
1020 F=I2.
© 1030 GOTO 1070

. 1040 GOSUB 1880
- 1050 IF F=-1 THEN 970 ,
"1060 T=T+ NOT T*F ' A -
1070 FOR I=T TO F STEP NOT (F-T)+SGN(F-T)
1080 IF I>I2 THEN 1410
1090 RESTCRE 40 : - o !
1100 TRANSFER N(I,1l} TO NS
1110 PRINT "SET# "I;N$;LIN1
1120 FIXED 3 :
1130 IF° NOT ((Y[I,5]>0)*(Y[I, 6])0)*(Y[I 7]>0)) THEN 1150 ,
1140 PRINT "Eu/su*—"(Y{I 61/5(61)/(L0" ((LGT(YI[I,51/S(5])+LGT(Y[I,71/S(71))/2)
1150 IF NOT ((Y[I,1]>0)*(Y[I,14]>0)) THEN 1180 _
1160 PRINT "(La/Lu)e.f.="Y[I,1]*S[14]/(Y(I,14]*S([1]); ‘ .
1170 GOTO 1200 : «
1180 IF NOT ((Y¥([I,1]>0)*(Y(I,13]>0)) THEN 1200. _
1180 PRINT "(La/¥Yb)e.f.="Y[I,l]1*S(13]1/(Y(I,131*sS(1l]);
1200 PRINT ’
1210 FOR Q=1 TO 8 STEP 7
1220 PFINT
1230 FOR M=Q TO Q+6
1240 READ DS
1250 PRINT SPA(M=1 OR M= 8) :DS; TABll*(M Q+1),
1260 NEXT M. :
1270 FOR M=Q TO Q+6
1280 IF Y[I,M] THEN 1310‘
1290 PRINT TABll*(M-Q)"
1300 GOTO 1360 ‘
1310 IF ABSY([I,M] >— 0.01 THEN 1340
1320 FLOAT 1
1330 GOTO 1350
1340. STANDARD
1350 PRINT TAE(ll*(M—Q)-l) Y[I M];
1360 NEXT M

1370 PRINT
1380 NEXT Q
1390 FORMAT 90"~
1400 WRITE (2, 1390)
1410 NEXT" I
1420 PRINT LIN1
. 1430 GOTO 970

"1440 GOSUB 1780 o
1450 DISP “SET# TO: RE. DELETED"'
- 1460 INPUT AS

14790 IF A$=" " THEN 880
1480 GOSUB 1880
1490 IF F=-1 THEN'1450 :
1500 IF F<l OR F>12 THEN 1450

15



1010 T=1

' 1020 F=I2 -

1030 GOTO 1070

1040 GOSUB 1880

' 1050 IF F=-1 THEN 970

1060 T=T+ NOT T*F

1070 FOR I=T TO F STEP NOT (F—T)+SGN(F~T)

1080 IF I>I2 THEN. 1410 .

. 1090. RESTCRE 40

1100 TRANSFER N({I,l] TO N$

1110 PRINT "SET# "I;NS;LIN1 |

1120 FIXED 3 ‘ '
1130 IF NOT ((¥[I,51>0)*(Y[I,6]1>0)*(¥(1,7]>0)) THEN 1150
1140 PRINT *"Eu/Eu*="(Y{I,61/S[6))/(10" ((LGT(Y(I, 5]/5[5])+LGT(Y[I 7T1/S{71))/2)
1150 IF  NOT ((Y{I,l11>0)*(Y[{I,141>0)) THEN 1130

1160 PRINT “(La/Lu)e.f.="Y{I,11*S(141/(¥Y(1,141*S(1]);
1170 GOTO 1200 :

1180 IF NOT ((Y(I,l1>0)*(Y(I,131>0)) THEN 1200

1190 PRINT “(La/Yble.f.="Y(I,11*S({13]/(Y(I,13]1*S{1])=
1200 PRINT

1210 FOR Q=1 TO 8 STEP 7

1220 PRINT I

. 1230 FOR M=Q TO Q+6

'~ 1240 READ DS

1250 PRINT SPA(M=1 OR M=8);D$; TABll*(M-C+l),

1260 NEXT M

1270 FOR M=Q. TO Q+6

1280 IF Y(I,M] THEN 1310 .

1290 PRINT TABll*(M=-Q)"--";.

- 1300 GOTO 1360

1310 IF ABSY({I,M] >= 0.01 THEN 1340

1320 FLOAT 1 . - -

1330 GOTO 1350

1340 STANDARD - ' S

1350 PRINT TAB(ll*(M-Q) 1) s Y[I Ml

1360 NEXT M

' 1370 PRINT

1380 ‘NEXT Q .

1390. FORMAT 90"-*

1400 WRITE (2, 1390)

‘1410 NEXT I .

71420 PRINT LINL

1430 GOTO 970 |
1440 GOSUB 1780
1450 DISP "SET# TO BE DELBTED"

'~ 1460 INPUT AS .

. 1470 IF A$=" " THEN aso

- 1480 GOSUB ‘1880 .
- 1490 IF F=-1-THEN. 1450~ .
1500 IF F<l OR F>I2 THEN 1450 .
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1510 FOR I=F TO 12-(I2=50)
1520 FOR M=1 TO 14

1530 Y{I,Ml=Y[I+]1, M]

1540 NEXT M )
1550 TRANSFER N[I+l 11 TC NS
1560 TRANSFER NS TO N[I 1]
1570 NEXT I

1580 12=I2-1

1590 GOTO 1450

- 1600 GOSUB 1780

1610 IF I2=50 THEN 500

1620 DISP "INSERT BEFORE SET #";
1630 INPUT AS

1640 IF AS$S=" " THEN 880

1650 IF F=-1 THEN 1620
1660 IF F<1 OR F>I2 THEN 1620
1670 FOR I=I2 TO F STEP —1
.1680 FOR -M=1 TO 14
1690 Y(I+l,M]=Y([I, M]

1700 NEXT M
1710 TRANSFER N[I,1l] TO-NS$
1720 TRANSFER N§ TO N[I+1,1] , » . ‘ : \
1730 NEXT I ' ' '
1740 I=F"

.1750 GOSUR 290

1760 12=12+1

1770 GOTO 1610 S ‘ .
. 1780 DISP "CATA FROM TRACK %, FILE #";
1790 INPUT AS$ :

1800 IF AS=" " THEN 1860

1810 GOSUB 1880

1820 IF F=-1-THEN 1780

1830 LOAD DATA #T,F A ’

1840 PRINT "DATA FROM TRACK#"T"FILE"F;TAB45;I2"SETS DEFINED"LIN2, TS,JINl
1850 PRINT "(data in ppm)"LINZ : A
1860 RETURN
1870 END
. 1880 T=0
1890 F==1 o o
1900 IF NOT POS(Z$,A$(1l,1]) THEN 1970
1910 IF NOT POS(AS,",™) THEN 1950
1920 T=VAL(AS) SRR L g
1930 AS=AS$[1+POS(AS,",™] '

1940 IF NOT POS(3Z$, A$[l 1]) THEN 1970
1950 F=VAL(AS)

1960 RETURN ' ' PRI L
1970 PRINT LIN1 A$“’7°’ - IWCORPECT SYNTAX " TRY' AGAIN“LIN3

- 1980 RETURN

. 1990 DISP "SET NUMBERS TO BE BYCHANGED" )
2000 INPUT A$ :

716



2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140

IF AS=" " THEN 140

GOSUB 1880

IF F=-1 THEN 1990

FOR Isl TO 14

Y=Y(T, 1]

Y{T,I]=Y(F,I]

Y[F,I1=Y

NEXT I -

TRANSFER N([T,1] TG A$(1,40]
TRANSFER N([F,1] TO N$
TRANSFER N$ TO N(T,1]
TRANSFER A${1,40] TO N[F,1)
GOTO 1990

END

L7



Lo
20
30
10
30
10

3
4

30

L00
110
120

L30.

140
150
160
170
L8O
190
200
210

220
230

240

250
260
270
280
290
300
310
320
330
340
350

360

370
- 380
390
400
410
420
430
440
450
460

- 470

"480
4390
500

DIM

APPENDIX II - LIST OF PLOTTING PFOGFAM

coMm YS[SO 14],T$[40] NI[50,30],1I2
REM REE PLOTTING PRCGRAM, .FOR HP-Q83l/9872

DIM Cs$(18],KS (7]

K.R. LUDWIG, 2/79

DS[2],WS (14] A$[12] ,M$[601,L8(40] ,KS{14],ES(2]),28([1]1]

PEM STANDARD UNFRACTIONATED CHOMDRITE REE ARBUNDANCES

REM (EVENSEN AND OTBERS, 1978; GEOCREIM. COSMOCHIM. ACTA, V.42,

CATA 0.2446,0.6379,0.09637,0.4738,0.154,0.05802,0.2043,0,3745
DATA 0.2541,0.056%,0.166,0.02561,0.1651,0.02539

2$=".0123456789"

KS="Pp *+L1"
I2=0

DEG

SLANT

MAT K=ZER
GOTO 420

DEF FNA(X)=10" (INT(LGTX))
DEF- FNB(X)

IF X >= -2 THEN 2640

GOTO -INTX-2 OF 200, 220 240
FIXED 3

GOTC 270

FIXED 4

GOTO 270

FIXED S

GOTO 270

STANDARD

RETUFN 0.3+ABSX+2+(X<0)

END

DEF FNE (X)

E=1+POS(A$,",")

IF POS(2$,AS(1,1]) THEN 340
T=-1

GOTO 350

T=VAL (AS)

IF POS(2$,AS$ (E,E].) THEN 380
F=-1

COTO 390

F=VAL(AS [E])

RETUPN T '

END o

DEF FNK(N)‘N+(N>4)

STANDARD ‘

DISP "SIZE=- STD(l) SMALL(2) OTHER(O)"
INPUT F ‘

B=(F=2)

IF F4#1 AND F#2 TBEN 480

MAP B*1300,7500-E*1300,B*1350, 9500-8*1350
DISP "LPBEL FCR THIS PLOT"
INPUT LS .

‘DISP - "CHONDRITE NOPMALIZED {1=YES)"

18
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‘510
520
530
540

550

560°

570
580
Ss0
€00
€10
620
630
640
650
€60
670
60
690
700
710
720
730
740
750
760
770

780

750
§00

810 P3=
820.

830

840

850
860
870
8§80
8§50
900

910

920
930
940

850
360

970
980
990

. 1000 FOR I=16 TO 0 STEP -16

INPUT FO

IF FO0=1 THEN 560 .
DISP "Y-AXIS LABEL";
INPUT CS

GOTO 590
C$="SAMPLE/CECNDRITE"
RESTORE 70

MAT READ K

DISP C$™ LIMITS";
INPUT A2,B2

IF B2 <= A2 THEN~590

A2=LGT( (FNAR2)*INT (P2/FNAA2))

P

B2=LCT (FNAB2* ( (LGTB2¥INTLGTB2)* ( (B2/FNAB2) #INT(B2/FNAE2) ) +INT(B2/FNAB2)))

S4=B2+(B2-22) /12
P1=0

FOR I=INTA2 TO INTB2 -

IF FNBIKP1 THEN 690
P1=FNEBI
NEXT I

WRITE (705, *)“OP”
ENTER (705,*)%X1,Yl,X2,Y

X3I=X2-X1

Y3=Y2-Y1

P=Y3/%3

Q=P

F3=2.1/Q+B+ (X3<4500)
F4=2.5/Q+B+(X3<4500)

F=P*(1l.2*F4/50+(BPLl-L)*F3/(1.7*67))

P2=16.5*F/ (F-1) :
F=(0.75*F3+1.3*F4)/50
(A2-S4*F) /(1-F)
P8=54-P3

LABEL .(*,F3,1.7,0,P)
SCALE P2,16.5,P3,54
WRITE (7C5,*)"TL.5"
XAXIS Az,ljo,ls

DATA "La" 4 "Cen, "'Pr" ?‘Nd"'
DATA "LA®","CE","PR","ND",

DATA "la","ce","pr"
RESTORE 870

FOR I=1 TO 15

IF I=S THEN 980
READ D$ - '

IF X3<6000 AND 1/2=INT(1/2) TPEN 980'

PLOT I,A2,1

CPLOT -l -3/4

LABEL (*)DS$;

NEXT 1 . '
LABEL (*,F3,1.7,0,P)

"Sm","Eu"",
nSMn'nEUn ,

,ntbn'ndyn

"nTbn'nDYn'nHon’ nEru'-mn'anu "Lul
'"TB"}'DY",'HC.'"ER",'TM",”YB“,.LU‘

. "ho","er”, ","yb","1lu'



1010
1020
1030
1040
1050
1060

1070

1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240

1250
1260
1270
1280

1290

1300

1310
1320
1330
1340
1350
1360
1370
1380
1390
1406
1410
1420
1430
1440

- 1450

1460
1470
1480
1490
1500

FOR J=INTA2 TO B2

FOR K=1 TO 9

¥Y=J+LGTK

IF 100*Y<INT(l00*A2) THEN 1140
IF 100*Y>INT(100*B2) -TEEN 1160
PLOT I,Y,2*(J#INTA2):

IPLOT 0.2*SGN(1-I),0

PLOT I,Y

IF (I=16) OR

((RE1)* (K#5)) THEN 1140

IF ((B2-A2)>3 AND (K=5)) THEN 1130

CPLOT -FNBJ,-1/4
LABEL (*)107Y; =

PLOT I,Y

NEXT K

NEXT J

PLOT I,B2,2

PEN

NEXT I

WRITE (70S5,*)"TLO,.5"
XAX1S B2,1,0,18

PLOT O, p2+(32 A2)/2, 1
CPLOT -(Pl—l) 0

LABEL (*,F4,1.7,90,P)"
CPLOT -LBN(CS)/Z,O.S
LABEL (*)CS;

PLOT 8§8,22,1:

LABEL (*,F3,1.7,0,P)
CPLOT 0,-3/4

LABEL (*,F4,1.7,0 P)
CPLOT -8.5,-1.2

LABEL (*)"REE ATOMIC NUMBER"
PLOT 8,B2,1

LABEL (*,F4,1.7,0,F)
CPLOT -LEN(LS)/2,0.5
LABEL (*)LS;

pLOT 17,B2,1

K FOR KEYRCARD DATA-INPUT"

PRINT "N FOR NORNALIZATION DATA,

PRINT LIN1"CCNT 2030 TO FESTART DATA-PLOTTING"LIN3
GOoTO 2030 ' ‘
DISP "PLOTTING SYMBOL, (PEN #)";

INPUT AS

Z=FNEO ’

IF E=1 OR F<0 OR F>4 THEN 1460

SPEN F
C=PCS (K$,BS) +1

GOTO 1+(C=2 OR C= 3)+2*(C 7)+3*(C=8)  OF 4370 2610 2760 2750

REM KEYBOARD DATA-INPUT ROUTINE
RESTORE 870
I=50"

20



1510
1520
1530
1540
1550
L2560
-570
1580
©590
1600
1610
1620
1630
1640
. 1650
L660C
L1670
L68Q
1690
1760
1710
1720
1730
1740
1750

1760

1770
1720
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1€90
1900
1910
1920
1930
11940
1950
1960
1870
1980
1990
2000

PRINT LIN1l"ELEMENT PPM"LIN2
FOR M=1 TO 14 : .
READ DS 1
ISP "FEPM. "DS:
INPUT Y[I,M]
PRINT TAB2;D0S$,Y(I, M]
NEXT M
PRINT LIN2
NS ="KEYBOARD INPUT"
TRANSFER NS TO N[I,1])
GOTO 2300 :
PRINT "DATA FOP“NOPMALIZPTION LIN1
TRANSFER N[I,1] TO NS
PRINT "SET2#"I;N$;LIN2
FOR M=l TO 14 '
K(M]=Y[I,M]
NEXT M
GCTO 2030
REM KEYBOARD NORMAL-VALUE INPUT ROUTINE
MAT K=ZER : _
PRINT "ELEMENT NORMAL PPM"LIN1
DISF "ELEMENT, NORMAL PPM";
INPUT AS
REM INPUT SPACE TO. ESCAPE
IF 2$=" " THEN 1910
Z=FNEO :
IF F#-1 THEN 1800
PRINT "NUMERIC INPUT (PPM) REQUIRBD"LIN3
GOTO 1700 -
ES=2$(1,2]
RESTOERE 870
FOR M=l TO 42

READ DS

IF D$S=E$ THEN 1880

NEXT M -

PRINT ES$" --= NCT RECOGNIZED;-TRY AGAIN."LIN3
GOTO 1700 '

K{M* (M<15)+(M~-14)* (M<29 AND M>14)+(M-28)*(N>28)]—
PRINT SPA2;:;ES;TAR13:F

GCTO 1720

PRINT LIN2

GCTO 2030

FEM NORMALIZATION OF CONCENTRATION DATA
c=0 :

FOR M=1 TO 14 :

IF K[M] THEN 1990

W{M]=0

GOTO 2010

WMl =Y[I,M]/K[M]

c=1l

o



2010
2020
2030
12040
2050
2060

2070 R

2080
2090
2100
. 2110
2120
2130
2140

2150

2160
2170
2180

2190

2200

2210
2220

2230
2240
2250

2260
2270

2280
2290

2300

2310
2320
2330
2340

2350
- 2360
2370
2380
2350
2400
2410
2420
2430
2440
2450

2460

2470
2480
2490

.- 2500

NEXT M
RETURN :
CISP " (*TRACK#, FILE#,) SET:":
INPUT AS .
REM N OR n FOR NCN-STC NOERMALIZING VALUES, K OR k FOPR KEYEOARD. DATA-ENTRY
IF POS(A$(L,1],"K"™) OR POS(AS{Ll,1],"k"™) THEN 1490
R=pPOS(AS[1l,1],"N") OR POS(AS[1,1],"n") .

‘AS$=AS[1+R]

IF R AND LEN(AS)—O “THEN 1700
Z=FNEO

GOTO 2*R+(E=1) DF 2170,2120,2180
IF FNEQ#-1 AND F2-1 THEN 2150

GOSUB 2860

GOTO 2030

LOAC DATA &T,F

PFRINT "TPRACK#"T"FILE4"F,TS,LINl

AS=AS (E]

'Z=FNEO
IF F#-1 TEEN 2210

GOTC 2130 '
I=F -

IF R THEN 1620

IF I2 THREN 2260

‘PRINT LIN1"*** DATA- FILE HAS NOT BEEN LOADED INTO MEMORY ***"LIN3

GOTO 2030

IF I>0 AND I <= I2 THEN 2290

PRINT TABLlQ"**** ONLY"IZ"SBTS 1IN THIS DATA-FILE ****"LINB
GOTO 2030

TRANSFER N[I,1l] TO NS

PRINT "SET#"I;NS,LIN1

GOSUB 1940

IF O THEN 2350

PRINT LINL"***** DATA FOR NORNPLIZATIOV HAS NMOT BEEN ENTERED ******"T TN3
GOTO 2030

WINDOW 0,16.5,a2,B2

GCTO 1400 -

FOR M=1 TO 14

IF W[M] <= 0 THEN 2460

PLOT FNKM,LGTW([M],1l

GOTO C OF 2430, 2640 2640,2470,2410,2410

LABEL (*,2.2,1.7,0, P)

GOTC 2440

LABEL (*,1,1,0,P)

CPLOT -1/3,—1/4

LAEEL (*)BS$;

NEXT M

LINE

IF W(5] OR . NOT (W[3)1*W({4]) THEN 2500
W([5]==10"(3*LGTw (4]~ 2*LGTW [3])

‘IF W[7]) OR NOT (W[8]*W([%]) THEN 2520

22



« 2510 W{7]=-10" (2*LGTW [8]-LGTW[9])

2520 FCR M=1'TO 14

2530 IF W(M]=0 THEN 2570

2540 PLOT FNEKM,LCTABSW[M] |
2550 IF M=14 THEN 2580 - , :
2560 LINE 3, (L+B)+50* (W (M] >= 0 AND W[l+M- (¥=14)] >= 0)
- 2570 NEXT M ‘ ’ .

2580 PLOT 16,E2,1.

255C LINE

26C0 GCTC 2030 ‘ :

2610 CISF "# SIDES, RCTATION (degrees)"; \

2620 INPUT B3,29 -~ L

2630 GOTO 2370

2640 FOF U=0 TO 50*(C=2) ‘

2650 B9=2.5*%0.06-U/2¢C )

266C IF.RB9<0,.00Z THEN 2730

2670 FOP J=A% TC AS+360 STEP 360/B3

2660 X1=B9*CQSJ

2€90 Yl=(l/P)*B°*¢IhJ*(CA-PB)/(lG..—P )

2700 PLOT FNKM+X1, Yl+LCTW[M]

2710 NEXT J

2720 NEXT U

2730 PEN.

2740 GCTO 2460

2750 SLANT 20 .

276G DISP "LETTER SIZE (1-3)";

2770 INPUT F-

2780 LAEEL (*,2*F*F3/3,1.7,0,F)

2790 WINDOW

2800 LETTER

281C CISP "PHFASE TG BE LETTERED":

2820 INPUT AS

28630 LABEL (*)AS;

2840 SLANT ‘

2850 GOTO 14C0 :
2660 PRINT LIN2"**%% "AS$"?222? - INCCERECT SYNTAX; TFRY AGAIN ***+"[ 1N3
2870 PETURN

2660 ENC
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