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Determinations of mass-absorption coefficients in the x-ray analysis of trace 
elements are an important and time consuming part of the arithmetic calcu­
lation. In the course of time different methods have been used (Steele 1973, 
Reynolds 1963 , Leroux 1962). The program MASS calculates the mass-ab­
sorption coefficients from a given major element analysis at the x-ray 
wavelengths normally used in trace element determinations and lists the 
chemical analysis and the mass-absorption coefficients. The program is coded 
in FORTRAN IV, and is operational on the IBM 370/ 165 computer 
(NEU CC Data Centre, Copenhagen), on the UNIV AC 1110 (RECKU Data 
Centre, Copenhagen) and on PDP 11 /05 (Geological Survey of Greenland). 

Description of method 

The method is based on atomic coefficients and not on oxide coefficients. 
First, the cation percentages are calculated from the formula: 

AMETi= (A WT/CWTi)WTi 

where A WTi is the cation weight of element j 
CWTi is the molecular weight of oxide j 
WTi is the weight percentage of the oxide j (input) 
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Based on the above the total amount of 1/20 2, oxygen is calculated as 

SUMl i= L (WTrAMETi) 
j = I 

N is equal to the number of cations. Then the mass-absorption coefficients 
are calculated for a specific line as follows: 

SUM2i= L (AMETi x MASKi) x 0.01 + SUMli x MASK l/2 0 2x 0.01 
j= I 

where MASKi is the mass-absorption coefficient for major element j on trace 
element i and MASKl/20 2 is the mass-absorption coefficient for oxygen on 
element i. 

The mass-absorption coefficients for cations at a specific line are from 
tables given by Heinrich (1966) and are stored in the program. This proce­
dure is repeated for all the measured x-ray lines and the values are written 
out together with the major element analysis. The structure of the program is 
shown in the flowchart of Fig. 1. 

Description of data cards and parameter cards 

Card No . Column No. Description of input 
1 1-3 Number of analyses 

2 
3-N 

4-6 Number of analyses written out on each page (if not 

7 
1-80 
1-60 

61-65 
68-74 

stated 14 are written out). 
A number to specify data format 
(see later). 
Text to be written out as heading on each page. 
Weight percentages of oxides, each filling 4 columns, 
starting with tens, followed by units, tenths and hun­
dredths. 
Decimal points are not punched but there must be 
two decimal places. 
The sum of oxides. 
Sample number. 

If column 7 on card 1 is greater than O the format of cards 3-N is: 
3-N(4) 1-72 The oxides must have decimal points and should be 

separated by commas. On this card the first 11 oxides 
are punched. 
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Stop 

Fig. 1. General Structure. 

(5) 1-72 

(6) 1-7 

D.G. U. arbog 1980 

Nielsen and Petersen: Fortran program 

Read input parametres 

Read heading 

Do you want to s top the calculations? 

Read major element analyses 

Calculate mass-absorption 

coefficients and do different 

data transformations 

Write major element analyses 

and calculated mass-absorption 

coefficients. 

The oxides from numbers 11 to 15 , and the total as 
number 16, punched with decimals and separated by 
commas. 
Sample number. 
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The order of oxides is specified as follows: 

l:SiO 2 2:Al 2O 3 3:Fe 2O 3 4:FeO 5:MgO 6:CaO 7:Na 2O 8:K 2O 9:MnO 
l0:TiO 2 ll:P 2O 5 12:ZrO 13:Cri03 14:CO 2 15:H2O 16:Total. 

Abbreviations used in program 

Abbreviation for Abbreviation for 
PB LB Lead L~l BALB Barium L~l 
THLA Thorium Lal YKA Yttrium Ka 
ZRKA Zirconium Ka NBKA Niobium Ka 
NIKA Nickel Ka SRKA Strontium Ka 
RBKA Rubidium Ka S KA Sulfur Ka 
CLKA Chlorine Ka SNKA Tin Ka 
TI KA Titanium Ka BA LAl Barium Lal 
CE LBl Cerium L~l ND LAI Neodynium Lal 
CUKA Copper Ka ZN KA Zinc Ka 
COKA Cobalt Ka CRKA Chromium Ka 
GAKA Gallium Ka V KA Vanadium Ka 
LAKA Lanthanum Ka SCKA Scandium Ka 

If trace element analysis is made at wavelengths at ~hich massabsorption 
coefficients are not calculated, the necessary atomic coefficients are easily put 
into the program and the mass-absorption coefficients can be calculated. 

A cknowledgements. We express our gratitude to F. Kalsbeek, S. Maal0e, C. K. Brooks, E. 
Hock , G . Brandt. S. Lou, P. H. Hansen and J. Sangstad-S0rensen for critical comments to the 
manuscript. 

Dansk sammendrag 

Der prresenteres et FORTRAN program, der beregner masseabsorptions 
koefficienter ved forskellige b0lgelrengder, som ofte bruges i 
rnntgen-fluoroscence analyse af sporelementer, udfra hovedelementanalysen 
af bjergarten . 

Resultaterne prresenteres i en form , som er direkte anvendelig for videre 
behandling af andre programmer, der foretager geokemiske beregninger og 
plot. 

94 D.G. u. arbog 1980 



Nielsen and Pe1ersen: Fonran program 

References 
Bailey, J. 1976: X-ray Fluorescence Analysis: Trace Element Techniques in the Jnstitute for 

Pe trology, University of Copen hagen. I 05 pp. 
Chayes, F. 1973 : RKNFSYS Rock Informat ion System Version IIIA: Geophysical Lab. , 

Washington, 18 pp. 
Heinrich, K. F. J. 1966: X-ray Absorption Uncertainty: in "The Electron Microscope". Pro­

ceedings of a conference held in Washington D.C. , 12- 15 October 1964. Edited by 
MCKin ley, I. D., Heinrich, K.F.J. and Witting, D.B.: 296-377, John Wiley & Sons, New 
York. 

Leroux, J. 1962: Method for Finding Mass-Absorption Coefficients by Empirical Equations and 
Graphs. Advan. X-ray Anal. 5: 153-1 60 . 

Reynolds, R. C. 1963: Matrix Corrections in Trace Element Analysis by X-ray Fluorescence: 
Es timation of the Mass-absorption Coefficient by Compton Scattering. Amer. Minera l. 48: 
I 133- 1143. 

Steele, W. K . 1973 : The Correction of X-ray Fluorescence Analysis for Scattered Background 
Peaks of Targe t Elements. C hem. Geol. 11: 149-156. 

D.G.U. iirbog 1980 95 



Danm. Geol. Unders., Arbog 1980 

List ing o f programme : 

C************************************************************************* 
C****** VERSION 1 ***** 
C * PROGRAM FOR CALCULATION OF MASSABSORPTION COEF FICIENTS * 
C * AFTER HEINREICH (1966) * 
C * * 
C * INPUT: * 
C * NUMBER OF ANALYSES * 
C * MAJOR ELEMENT OXIDES IN FOLLOWING ORDER * 
C * SI02,AL203,FE203 ,FEO,MGO,CAO,NA20,K20,MNO,TI02,P205 ,CR203,ZRO, * 
C * C02,H20. * 
C * * 
C * LINES CALCULATED: * 
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C * TI KA,BA LAl,BA LBl,CE LBl,ND LAl,NB KA,ZR KA,SR KA,RB KA,Y KA* 
C * TH KA,PB LBl,CU KA,ZN KA,CO KA,NI KA,GA KA,V KA,LA KA,SC KA * 
C * SN LAl,CL KA,S KA * 
C * * 
C * * 
C * NAME OF PARAMETERS: * 
C * N NUMBER OF ANALYSES * 
C * NBA NUMBER OF ANALYSES PER PAGE * 
C * WT WEIGHT PERCENT MAJOR ELEMENTS * 
C * TEXl AND TEX2 ARRAY FOR TEXT(ROCK NUMBER) * 
C * * 
C * PROGRAMMER: * 
C * TOM SVANE PETERSEN, GEOLOGICAL SURVEY OF DENMARK, COPENHAGEN * 
C * * 
C * SUBROUTINES REQUIERED: * 
C * DATE * 
C * TIME * 
C * * 
C * METHOD: * 
C * FEIKO KALSBEEK, GEOLOGICAL SURVEY OF GREENLAND, COPENHAGEN * 
C * * 
C * * 
C****** ****** 
C************************************************************************* 

REAL SRKA(l6),TIKA(l6),BALA1(16),CELB1(16),NDLA1(16) 
REAL CUKA( l6),ZNKA(l6),CRKA(l6),GAKA(l6),VKA(l6),LALA1 (16) 
REAL SCKA(16) ,SNLA1(16),CLKA(l6),SKA(l6),COKA (l6) 
REAL CWT(l5),AWT(l5),SUM1(15),SUM2(15),SUM3(15) 
REAL SUM4( 15),SUM5( 15), SUM6(15),SUM7(15),SUM8( 15), SUM9( 15 ) 
REAL SUM10 (15), SUM11(15),SUM12(15),SUM13(15), SUM14(15) 
REAL SUM15(15), SUM16(15),SUM17(15),SUM18(15), SUM19(15) 
REAL SUM20( 15), SUM2 1(15),SUM22(15),SUM23(15), SUM2 4(15) 
REAL SUM25( 15), SUM26( 15) 
REAL NBKA(l6),THLA(l6),NIKA(l6),BALB(l6),PBLB(l6) 
REAL YKA(l6),ZRKA(l6) 
DIMENSION OX1(16),0X2(16),BPT(30) 
DIMENSION FONM(3),FOOX(3),FRMT(34) 
REAL AMET(20,20),WT(20,20),RBMA(l6) 
INTEGER TEX1(15) ,TEX2(15) ,TEX3(16) ,ELN1(24) ,ELN2(24) ,TEX4(20) 
DATA ELNl/ 'RB', 'PB',. Y ', 'ZR ','NB', 'TH', 'NI., 

* 'SR -, 'BA -, ·n -, 'BA - , 'CE - , 'ND' , ·cu - , 'ZN - , 
* ·co - 'CR - 'GA - - V - 'LA - ·sc- 'SN - 'CL - - s -/ 

DATA' ELN2i 'KA., 'LBl: 'KA: 'KA: 'KA : 'LAi. 'KA. 
* 'KA - 'LBl - 'KA! 'LA l ! 'L Bi - 'LAl - 'KA - 'KA' , 
* 'KA -, 'KA - 'KA - !KA - 'LAl - 'KA - 'LAl - 'KA - 'KA -/ 

DATA,CWT/60.09:lol.96,159'.7o,7i.85,40.32,56. 08,61.98,94.20,70.94, 
1 79.9,141.95,123.22,152.02,44.0l,18./ 

DATA FONM,FOOX,BLNK,PR SNT,FILL,ENDF /4H(6X ,,4HA2,3,2HX,,4H(4X, 
60:> 
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C 

, 4H2A3, , 3HlX, , 2H6X , 4HF6. 2, 4H, 1 X, , lH ) / 
DATA DX1/2HSI,2HAL,2HFE,2HFE, 2HMG,2HCA,2HNA,2HK2,2HMN,2HTI ,2HP2, 
2HZR,2HCR,2HC0,2HH2,2HSU/ 
DATA OX2/2H02,3H203,3H203,lHO,lHO,lH0,2H20,lHO,lH0,2H02,2H05, 
2H20,3H203,1H2,1H0,1HM/ 
DATA TEX3/'SI' 'AL', , 'FE' 'MG' ' CA' 'NA' 'K' 

* "MN ,, , ,.TI .,. , ,. P ! , ,. ,. : ,. ,. : ., ,. , ! H ,. , t O,. / ' ' ' 

C MASSABSORPTION FOR THE PARTICULAR WAVELENGTHS. 
C 

DATA TIKA /304.3,247.0,185 .6,185.6,197 .9,772.2,151.9,685.0 
* ,165.1,110.6,370.0,0. ,0. ,0. ,0 . ,65.7/ 

DATA AWT/28.09,53.96,lll.70,55.85,24.31,40.08,45.98,78.20, 
* 54.94,47 .90,61.94,D . ,0. ,0 . ,2.02/ 

DATA RBMA/15.0,12.0,78.0,78.0,9.5,39.3,7.3,34.5,70.5, 
* 50.5,18.2,0 . ,0. ,0. ,0. ,3.1/ 

DATA BALAl/312.6,253.9,190 .6,190.6, 203.3,793.2, 156.l, 703 .7, 
* 169.5,113 .6 ,380.2,0. ,0. ,0. ,0. ,67.6/ 

DATA CELBl/198.7 ,161.0,121.9,121.9,128.8,506.5,98.9,448.6, 
* 108.4,664.4,241.6,0. ,0. ,0 . ,0. ,42.6/ 

DATA NDLAl/201.9,163.7,123.9, 123.9,130.9,514. 8, 100.5,456.0, 
* 110.2,654.9,245.6,0. ,0. ,0. ,0. ,43.3/ 

DATA CUKA/61 .4,49.6,311.l,311.l,39.5,158.6,30 .3,139 .8, 
* 281.6,202.6,74.7 ,0.,0.,0.,0.,12.9/ 

DATA ZNKA/50.4,40 .7,256.3,256.3,32.4,130 .5,24.8 ,11 5 .0, 
* 232 .0,166.8,61.3,0. ,0. ,0. ,0 . ,10.5/ 

DATA COKA/92.8,75.0,57 .6,57.6,59.8,238.6,45 .9,210.7 
* ,422.5,304.4,112.9,0. ,0. ,0. ,0. ,19.6/ 

DATA CRKA/ 183.8, 149 .0 ,113.0,113.0,119.1,469.2,91 .4,415.4 
* , 100 . 5 , 5 9 7 . 0 , 2 2 3 . 6 , 0 . , 0 . , 0 . , 0 . , 3 9 . 4 / 

DATA GAKA/41.7 ,33.6,212.8,212.8,26.7 ,108.1,20.5,95.2 
* ,192.6, 138.3,50.7,0.,0.,0 .,0.,8.7/ 

DATA VKA/235.2,190.8,144.0,144.0,152.7,598.6,117 .2,503.4 
* ,128.1,85.8,286.0,0. ,0. ,0. ,0 . ,50.6/ 

DATA LALAl/279.5,226.9,170.7,170.7,181.6,710.0,139.4,629.6 
* ,151.8,101.7 ,339.9,0. ,0. ,0. ,0. ,60.3/ 

DATA SCKA/399.5,324.7,242.7 ,242.7,260.3,1011.l,199.8,897.7 
* , 215 . 9 , 144 . 6 , 48 5 . 9 , o . , o . , o . , o . , 86 . 7 I 

DATA SNLAl/642.9,523.4,387.9,387 .9,420.3 ,168.4,322.7, 142.3 
* ,345.0,231.1,781.9,0. ,0. ,0. ,0. ,140.8/ 

DATA CLKA/1367 .8,1116.6,816.4,816.4,899.2,354.4,690.2,299.5 
* ,726.l,486.4,1663.6,0.,0.,0.,0.,303.7/ 

DATA SKA/1949 .3,1 593.4,1 15 7.5,1157.5,1284.8,502.4,986.2,424.6 
* ,1029.5,689.6,2370.7,0. ,0. ,0 . ,0. ,435.5/ 

DATA PBLB/ 17 .6,14.1,91 .2,91 .2 ,11 .2 ,46.l, 8 .6,40 .4, 
* 72.5,59.1,21.4,0.,0.,0.,0.,3.6/ 

DATA YKA/11.0,8.9,57 .7 ,57.7 ,7.0,29.0,5.4,25.5, 
* 52.2 ,37.3,13.4,0.,0. ,0.,0.,2 .2/ 

DATA ZRKA/9.5 ,7 .6,49.9,49.9,6.0,25.1,4.6,2 2.0, 
* 45.2,32.3,11.6,0.,0.,0.,0.,1.9/ 

DATA NBKA/8.2,6.6,43.2,43.2,5 .2,21.7,4.0,19.0, 
* 39.6,27 .9,10.0,0. ,0. ,0. ,0. ,1.7/ 

DATA THLA/16.3,13.l,84.8,84.8,10.4,42.8,8.0,37 .6, 
* 76.7,54.9,19.9,0 . ,0. ,0. ,0. ,3.3/ 

DATA NIKA/75 .2,60.7,379.6,376.6,48. 4,193.7 ,37 . 2, 
* 171.0,343 .6,247 . 3,91.4,0. ,0. ,0. ,0. ,15.8/ 

DATA SRKA/ 12.8 ,10.3,66.8,66.8,8.l,33.7 ,6.3,33.7, 
* 60.5,43.3,15.6,0.,0.,0.,0.,2.6/ 

DATA BALB/251.9,204.4,154.l,154.l,163.6,640.7, 
* 125 .6, 567 .9,137 .0,91. 8 ,307 .4,0. ,0. ,0. ,0. ,54.2/ 
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C 
C INPUT NUMBER OF ANALYSES 
C 

230 

101 

221 

106 
231 

800 

30 

31 

32 

70 

75 
100 
180:> 

98 

WRITE (6,230) 
FORMAT(/' **TYPE NUMBER OF ANALYSJS,NUMBER OF ANALYSIS 

* 'ON EACH PAGE AND CODE FOR FORMAT') 
READ(5,l0l)N,NBA,IFOR 
FORMAT(213,Il) 
WRITE(fi,221) 
FORMAT( • **TYPE HEADING OF THE PROBLEM') 
READ(5,106)(TEX4(IA),IA=l,20) 
FORMAT ( 20A4) 
FORMAT(/' **TYPE ANALYSES IN SPECIFIED FORMAT(SEE MANUAL)') 
WRITE(6,231) 
JB=O 
IF(NBA.EQ.O)NRA=l4 
CONTINUE 
IF(N-NBA) 30,30,31 
NN=N 
JB=l 
GO TO 32 
CONTINUE 
N=N-NBA 
NN=NBA 
CONTINUE 
DO 1 IA=l,NN 
SUMl(IA)=O. 
SUM4(IA)=O. 
SUM5(IA)=O. 
SUM6( IA)=O. 
SUM7(1A)=O. 
SUM8(1A)=O. 
SUM9(1A)=O. 
SUMlO (IA) =O. 
SUMll (IA)=O. 
SUM2(1A)=O. 
SUM3(IA)=O. 
SUM12(1A)=O. 
SUM13(IA)=O. 
SUM14(1A)=O. 
SUM15(1A)=O. 
SUM16(1A)=O. 
SUM17(IA)=O. 
SUM18(IA)=O. 
SUM19(iA)=O. 
SUMZO(IA)=O. 
SUM2l(IA)=O. 
SUM22( IA)=O. 
SUM23(1A)=O. 
SUM24(IA)=O. 
SUM25(IA)=O. 
SUM26( IA)=O. 
SUM19(1A)=O. 
CONTINUE 
J=O 
CONTINUE 
I=J+l 
IF(IFOR)75,75,76 
READ(5,100) (WT(I ,J) ,J=l ,16) ,TEXl( I) ,TEX2( I) 
FORMAT(l5F4.2,F5.2,2X,A3,A4) 
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GO TO 77 
76 CONTINUE 

READ(5 ,105)(WT(I,J),J=l,16 ) ,TEX1(1),TEX2(1) 
105 FORMAT() 
77 CONTINUE 

DO 15 II=l,15 
AMET(Il,I)=(AWT(II)/CWT(ll))*WT(l,II) 

C 
C CALCULATE ATOMIC PERCENTAGE FOR MAJOR ELEMENTS 
C 

AHB=WT(I,II)-AMET (II, I ) 
SUMl(I)=AMET(Il,I)+SUMl(I) 

15 SUM2(I)=AHB+SUM2(1) 
DO 16 IL=l,15 
AMASZ=AMET(IL,I)*PBLB(IL)*0.01 
AMAS3=AME T(IL,l )*YKA(IL) *O .O l 
AMAS4=AMET(IL, l )*ZRKA( IL )*O.Ol 
AMAS5=AMET(IL,l)*NBKA(IL)*O.Ol 
AMAS6=AME T(IL, l )*THLA ( IL )*O .Ol 
AMAS7=AMET(IL,l)*NIKA( IL)*O.Ol 
AMAS8=AMET(IL,l)*SRKA(IL) *O .O l 
AMAS9=AMET(IL ,l )*BALB( IL)*O.Ol 
AMAS l Z=AMET(IL , l) *TIKA( IL)*0.01 
AMAS 13=AMET( IL,I) *BALAl(IL)*O.Ol 
AMAS 14=AMET( IL,l )*CELBl(IL)*O.Ol 
AMAS15=AMET(IL,I)*NDLAl(IL)*O.Ol 
AMAS16=AMET(IL ,I)*CUKA( IL)*O .Ol 
AMAS 17=AMET( IL,l)*ZNKA( IL)*O .O l 
AMAS18=AMET( IL,l)*COKA(IL)*O .Ol 
AMAS19=AMET(IL,l)*CRKA(IL)*O.Ol 
AMASZO=AME T(IL,I)*GAKA(IL)*0.01 
AMASZ l =AMET( IL,I)*VKA(IL)*0. 01 
AMASZZ=AMET(IL,l)*LALAl(IL)*0.01 
AMAS23=AMET(IL,l)*SCKA(IL)*0.01 
AMAS24=AMET(IL,l)*SNLAl(IL)*O .O l 
AMAS25=AMET(IL,I)*CLKA(IL)*O.Ol 
AMAS26=AMET(IL,l)*SKA(IL)*O.Ol 
SUM4(I)=SUM4(I)+AMAS2 
SUM5(I)=SUM5(I)+AMAS3 
SUM6(I)=SUM6(I)+AMAS4 
SUM7(I)=SUM7(l)+AMAS5 
SUM8(I)=SUM8(I)+AMAS6 
SUM9( I)=SUM9(J) +AMAS7 
SUM10(I)=SUM10(I)+AMAS8 
SUMl l (I)=SUMll(I) +AMAS9 
SUM12(I)=SUM12(I) +AMAS12 
SUM13(I)=SUM13(l)+AMAS13 
SUM14(I)=SUM14(I)+AMAS 14 
SUM15(I)=SUM15(I)+AMAS 15 
SUM16(I)=SUM16(I)+AMAS 16 
SUM17(I)=SUM17(I)+AMAS17 
SUM18(I)=SUM18( I )+AMAS 18 
SUM19(I)=SUM19(I)+AMAS19 
SUM2l(I)~SUM2 l (l)+AMAS2 1 
SUM22(l)=SUM22(l)+AMAS22 
SUM23(I)=SUM23( I)+AMAS23 
SUM24(I)=SUM24(I) +AMAS2 4 
SUM25(I)=SUM25(I) +AMAS25 
SUM26(I)=SUM26( I)+AMAS26 
SUM20(I)=SUM20( I)+AMAS20 
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16 

71 
C 

AMAS=AMET(IL,l)*RBMA(IL)*0.01 
SUM3(I)=SUM3(I)+AMAS 
SUM3(I)=SUM3(I)+SUM2(1)*RBMA(l6)*0.0l 
SUM4(I)=SUM4(I)+SUM2(1)*PBLB(l6)*0 .0l 
SUM5(1)=SUM5(I)+SUM2(1)*YKA(l6)*0.0l 
SUM6(I)=SUM6( I)+SUM2(I)*ZRKA(l6)*0.0l 
SUM7(I)=SUM7(I)+SUM2(I)*NBKA( l6)*0.0l 
SUM8( I) =SUM8(I)+SU M2(I)*THLA(l6)*0.0l 
SUM9( I) =SUM9( I)+ SU M2(I)*NIKA( l6)*0 .0l 
SUM10(I)=SUM10(I)+SUM2(I)*SRKA( l6)*0.0l 
SUMll(I)=SUMll(I)+SUM2(I)*BALB( l6)*0.0l 
SUM12(I)=SUM12(I)+SUM2( I)*TIKA(l6)*0 .0l 
SUM13(I)=SUM13(I)+SUM2( I)*BALA1(16)*0.0l 
SUM14(1)=SUM14(I)+SUM2(1)*CELB1(16)*0.0l 
SUM15(I)=SUM15(I)+SUM2(1)*NDLA1(16)*0.0l 
SUM16(I)=SUM16(1)+SUM2(I)*CUKA(l6)*0 .0l 
SUM17(I)=SUM17(I)+SUM2(I)*ZNKA(l6)*0.0l 
SUM18(I)=SUM18(I)+SUM2(I)*COKA( l6 )*0.0l 
SUM19(I)=SUM19(I)+SUM2(I)*CRKA(l6)*0.0l 
SUM20(I)=SUM20(I)+SUM2(1)*GAKA(l6)*0.0l 
SUM2l(I)=SUM2l(I)+SUM2(I)*VKA(l6)*0 .0l 
SUM22(I)=SUM22(1)+SUM2(I)*LALA1(16)*0.0l 
SUM23(I)=SUM23(I)+SUM2(I)*SCKA(l6)*0.0l 
SUM24( 1)=SUM24(I)+SUM2(I)*SNLA1( 16)*0.0l 
SUM25(I)=SUM25(I)+SUM2(1)*CLKA(l6)*0.0l 
SUM26(I)=SUM26(I)+SUM2(I)*SKA(l6)*0.0l 
IF(I-NN)70,71,71 
CON TINUE 

C****************************************************************** 
C WRITE PROCEDURE 
C***** 

WRITE(6,205) 
205 FORMAT(lHl,' MASSABSORPTION CALCULATION') 

WR !TE (6,206) 
WRITE ( 6, 5000) 

5000 FORMAT(/) 
C 
C WRITE ROCK NAME 
C 

WRITE(6,222)(TEX4(IK),IK=l,20) 
222 FORMAT(/20A4/) 

WRITE ( 6 ,6000) (TEXl (ID) , TEX2( ID), ID=l ,NN) 
6000 FORMAT(lOH TROG. NO 16(A3,A4)) 

WRITE(6,6001) 
6001 FORMAT(/) 

DO 61 I=l ,3 
61 FRMT(I)=FOOX(I) 

C 

DO 67 I=l,16 
M=O 
L=4 
DO 65 K=l,NN 

C CHECK IF WT PERCENT IS ZERO 
C 

IF(WT(K,I))63,62,63 
C NOT PRESENT 
62 FRMT(L)=BLNK 

GO TO 64 
C 
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C OXIDE-I PRESE NT 
C 
63 M;M+ 1 

BPT(M);WT(K,I) 
FRMT (L);PRSNT 

64 FRMT(L+ l );FILL 
65 L;L+2 
C 
C CHECK IF ANY ANALY SE S HAS OXIDE-I 
C 

IF(M )67 ,67,66 
66 FRMT(L ); ENDF 
206 FORMAT(2(/)) 
C 
C WRITE OXIDES 
C 

WR ITE(6 ,F RMT)OX1(1) ,0X2(1) , (BPT(K) ,K; l,M) 
67 CONTINUE 
C 
C WRITE MASSABSORPTION COEFFICIENTS 
C 

WR JTE (6 ,206) 
WRITE(6, 220) 

220 FORMAT( , **MASSABSORPTION COEFFICIENT ') 
WRITE(6,207)ELN1( 1),ELN2(1) , (SU M3 (JB) ,JB;l,NN ) 
WRITE(6,207)ELN1(2),ELN2(2),(SUM4(JB) ,JB; l, NN) 
WRITE(6,207)ELN1(3) ,ELN2(3) ,(SUM5 (J B) ,JB; l,N N) 
WRITE(6,207)ELN1(4) ,ELN2(4) , (SUM6(JB) ,JB;l ,NN ) 
WRITE(6 ,207)ELN1(5),ELN2(5) , (SUM7(JB),JB;l,NN) 
WRITE(6,207)ELN1(6) , EL N2(6) , (SUM8(JB) ,JB; l ,NN ) 
WRITE(6 ,207)ELN1(7) , EL N2(7) ,(SUM9(JB) ,JB; l , NN) 
WRITE(6 , 207)ELN1( 8) ,ELN2(8) ,(SUMlO(JB ) ,JB;l , NN) 
WRITE(6,207)ELN1(9) ,ELN2(9) , (SUMll(JB) ,JB;l ,NN) 
WRITE(6,207)ELN1(10) ,ELN2( 10), (SUM12(JB) ,JB;l,NN) 
WRITE(6,207)ELN1(11) ,ELN2(1 1), (SUM13(JB) ,JB;l ,NN) 
WRITE(6,207)ELN1(12),ELN2(12) , (SUM14(JB),JB;l,NN) 
WRITE(6, 207)E LN1(1 3) ,ELN2(13), (SUM15(JB) ,JB; l ,NN ) 
WRIT(6, 207) ELN1(14 ) ,ELN2(14) , (SUM16(JB) , JB;l,NN) 
WRITE(6,207)ELN1(15) ,ELN2(15) ,(SUM17 (JB) ,JB;l ,NN ) 
WRITE (6,207) ELN1(16) ,ELN2 (16), (SUM18(JB) ,JB;l,NN) 
WRITE(6,207)ELN1(17) ,ELN2(17), (SUM19(JB) ,JB; l ,NN ) 
WRITE(6,207)ELN1(1 8) ,ELN2(18),(SUM20(JB) , JB;l ,NN ) 
WRITE(6,207)ELN1(19),ELN2(19),(SUM2l(JB) ,JB; l,NN ) 
WRITE(6,207)ELN1(20),ELN2(20),(SUM22(JB),JB;l,NN) 
WRITE(6,207)ELN1(21) ,ELN 2(21), (SUM23(JB) ,JB; l,NN) 
WRJTE(6,207)ELN1(22),ELN2(22),(SUM24(JB),JB;l,NN) 
WRITE (6 ,207 )ELN1(23),ELN2(23),(SUM25(JB),JB;l,NN) 
WRITE(6,207)ELN1(24),ELN2(24) , (SUM26(JB) ,JB; l,NN ) 

207 FORMAT(T3,A3,A3 ,Tll,1 4F7 .2) 
IF(IB) 800 ,800,900 

900 CONTINUE 
CALL DATE(NDATE) 
CALL TIME(NTIME) 
CALL DATE(NDATE) 
WRITE(6 , 1257)NDATE ,NTIME 

1257 FORMAT(2(/),2(' *'),'***** DATE ' ,A6,'** TIME 
2 A6 ,, ** BY GEOEDB MASS VER 2 *****' 

STOP 
END 

EOF :359 SCAN:58 
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SUBROUTINE TIME(NTIME) 
CALL ERTRAN(9,NDATE,NTIME) 
RETURN 
END 

SUBROUTINE DATE(NDATE) 
CALL ERTRAN(9,NDATE,NTIME) 
RETURN 
END 

An example of exec ut ion of the programme : 

§XQT GGU*GEOKEMI.MASS2 

**TYPE NUMBER OF ANALYSIS,ANALYSIS NUMBER ON EACH PAGE AND FORMAT 
> 8 80 

**TYPE HEADING OF THE PROBLEM 
> ANALYSES FROM TOSKANA, ITALY. 

**TYPE ANALYSIS IN SPECIFIED FORMAT(SEE MANUAL) 
> 
51211856 504 225 280 765 175 781 013 079 050 
52972034 443 121 127 538 250 924 014 060 034 
50301886 343 376 277 795 192 823 012 079 052 
52852006 264 286 135 554 244 927 014 060 034 
51111837 389 329 278 764 195 811 012 078 050 
51461879 412 281 252 733 201 803 012 076 045 
49041890 475 223 266 824 154 901 012 073 045 
49681733 402 295 4311038 165 595 010 084 042 

102 

058 9907 
104 9946 
090 9955 
137 9946 
082 9936 
109 9949 
153 9920 
183 9946 

31201 
31203 
31208 
31210 
31212 
31213 
31216 
31218 

D.G.U. ~rbog 1980 



Nielsen and Petersen: Fortran program 

MASSABSORPTION CALCULATION 

ANALYSES FROM TOSKANA, ITALY. 

TROG. NO 31201 31203 31208 31210 31212 31213 31216 31218 

SI 02 51. 21 52 .97 50.30 52 .85 51.11 51.46 49.04 49 .68 
AL 203 18.56 20 .34 18.86 20 .06 18.37 18.7 9 18.90 17.33 
FE 203 5.04 4 .43 3.43 2.64 3.89 4.12 4.75 4.02 
FE 0 2.25 1.21 3.76 2.86 3.29 2 .81 2.23 2.95 
MG 0 2 .80 1.27 2 . 77 1. 35 2.78 2 .52 2.66 4.3 1 
CA 0 7 .65 5.38 7 .95 5 .54 7.64 7 .33 8 .24 10 .38 
NA 20 1. 75 2.50 1. 92 2.44 1. 95 2.01 1.54 1.65 
K2 0 7.81 9.24 8 .23 9. 27 8. 11 8.03 9.01 5.95 
MN 0 .13 .14 .12 . 14 .1 2 .12 .1 2 .10 
TI 02 .79 .60 .79 .60 . 78 . 76 .73 .84 
P2 05 .50 .34 .52 .34 .50 .45 .45 .42 
H2 0 .58 1.04 .90 1.37 .82 1.09 1.53 1. 83 
SUM 99.07 99.46 99.55 99.46 99.36 99.49 99. 20 99.46 

**MASSABSORP TI ON COEFFICIENT 
RB KA 15.25 14.20 15 .45 14. 26 15.31 15.08 15.41 15.25 
PB LB l 17.84 16.62 18 .08 16 .68 17. 92 17 .65 18.03 17.85 
Y KA 11. 21 10.44 11 .36 10.48 11. 26 11.09 11. 33 11. 21 

ZR KA 9 .68 9.01 9 .80 9 .04 9.72 9.5 7 9. 78 9.68 
NB KA 8.39 7.82 8.50 7.84 8.43 8 .30 8 .48 8.40 
TH LAl 16 .56 15.43 16.78 15.48 16.64 16.38 16.73 16 .57 
NI KA 75 .62 70.60 76.57 70.81 75.94 74.81 76. 41 75.63 
SR KA 13 .30 12.45 13.48 12.50 13.37 13. 16 13 .47 13. 24 
BA LBl 189.97 187 .72 192.79 188.22 191 .19 189.85 195.34 191.90 
TI KA 229 .40 226 .71 232 .80 227.3 1 230.88 229.27 235 .87 231. 72 
BA LAl 235 .72 232 .96 239.21 233.57 237.24 235 .58 242.37 238 .10 
CE LBl 152.67 150 .21 154.90 150.60 153.61 152.47 156 .71 154.39 
ND LAl 155.08 152.59 157.34 152.99 156.02 154. 88 159.19 156.81 
CU KA 61.89 57 .75 62.69 57 .96 62 .17 61.23 62 . 54 61. 91 
ZN KA 50.84 47 .43 51.51 47.60 51.08 50.30 51.38 50.87 
CO KA 71. 72 70 .57 72 . 74 70 .76 72. 13 71.59 73 .59 72.44 
CR KA 141. 22 138. 95 143. 29 139.32 142.09 141.04 144.97 142.81 
GA KA 42. 11 39.28 42.66 39 .42 42 .31 41.67 42.56 42 .13 
V KA 175.65 173.22 178 .19 173.68 176.73 175.49 180. 40 177 .88 

LA LAl 210.77 208.28 213.89 208.83 212. 12 210.64 216.72 212.90 
SC KA 301. 12 297 .62 305.57 298 .40 303.05 300.95 309.59 304. 14 
SN LAl 320.93 323.56 320.43 322.82 320.91 321.62 315 .44 317.46 
CL KA 684.13 689.89 683.04 688.31 684.08 685.65 672 .42 676.79 
S KA 975.83 984.17 974.27 981.90 975.75 978.03 959.12 965.39 

******* DATE 020281** TIME 152019 ** BY GEOEDB MASS VER 2 ***** 
> 
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