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ABSTRACT

Jetavanavihara is located in Sahet Mahet (or Sravasti) city, Ba-
hraich, Uttar Pradesh State, India. Sahet Mahet (or Sravasti)—A
vast collection of ruins in Gonda District, Oudh: situated in lat.
27°31’N., and long. 82°5’E., on the south bank of the Rapti, 10 miles

from Balrampur, and 6 from [kauna.

Major chemical composition of the soil sample from Jetavanavihara
is determined by XRF using the fundamental parameter method con-
sisting of fully auto quantitative analysis, semi quantitative analysis

(order estimation) and group quantitative analysis.

Major chemical composition is as follows SiO,=71.17TW.%, Al,0;=

14.89W. 9%, Fe,0,=5.48W.% and K,0=3.40W.%, etc.
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e AN
SNy, (4 sin ¢+ sin
S N O ‘,”_m Fig. 1 Model of Primary and

Secondary Excitations

dx1

-1 Z‘.SM QuigcnQrinlo(4) in Soil Sample
2 2sin G dam (7 p)n/sin @+ (/o) 1p/sin ¢
siny o (W/p)w/singy, sing (u/ph/sin ¢
‘ [m/ph;”[ G+ a1+ S e
1 i
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Total intensity:

I, : Contains absorption effect

I, : Contains enhancement effect

Table 1 Theoretical Equation of Fluorescent X-Ray Intensity
Bhemical composition }—D Chemical composition of measuring element : W, ]

Chemical composition of coexisting elements : Wi

Ij‘hysical constants Mass absorption coefficient : «oevvininine. (n/p J—‘
o J
Jump Tatle Sensnasieie i Ji l
Transition probability t eseeeseesesseensnnnennes R}

Wavelength of fluorescent X- Ray

and absorption edge : oo A LAl
Instrumental factor Primary beam distribution : «ooeoeeisiein o (4) J
Incident and take off angles z «:weeveeeveenen $, ¢ '

Instrumental sensitivity : Crystal reflectivity etc.J
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(1) (2)

Standard measuring
conditions

Measurement of
library sample

measuring conditions
M
Measurement of
standard sample
N
FP calculation
(Measured int. &

calculated int.)

fDeLermination of

Sensitivity for every
element is calculated
using library data

Measurement of
unknown sample

Intensity is
converted into
theoretical scale [€
¥
Initial concentration
approximation

l*_

Calculation of R
theoretical X-Ray
intensity
¥
Comparison between
theoretical int. and
measured intensity

¥

Concentration
approximation

Convergence
condition
Print out result

Fig. 2 Outline of Fundamental Parameter Method
(1) Group analysis (2) Free analysis
(3) Unknown sample analysis (calculation)




A2 KL REEESCRRL TW L EoBEXEON (R, #F, /RED
Wi, BEIGHT v 75 2\ ie 7 > V&2 VR« 2T 2 — 2D R
B2, Fig. 2 © b Thb,

FzvA v e L THRBREEREEDDE, LUTDEED, 7402
(out), Diaphragm (30 mm), Attenuator (1/1), =V v I (coarse), X
(8)+an
FMEAOHMEL (G0kV) L& (B0mA) Ths,

3 EBRER
3.1 EMtF FUmL (Na,0) O

b+ Vv ADKRBREHE LT, 20BERREERTEOMic, &5
(TAP) & PHA (LL=100 » UL=300) 3%, =0 FEBRFECL - TES
NizALH bt Fig. 3 o kX TH%E, 2o NaKa o 224 5 40

T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 Na 00
X0.1 keps
0.0 0.5 1.0 1.5 2.0
524 + + " J
54+ + + + El
56"% —, NaKa ¥ 4
58 - : 2
T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 Mg 00
X 0.1lkeps
0.0 2.0 4,0 6.0
42 + + &
TR . : _
— MgKe
464 + =
is 2 ;

Fig. 3 Chart Recording of NaKa and MgKa X-Ray Fluorescent Lines
on Soil Sample from Jetavanavihara, India
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XA 0.068 keps TH Do Lichi-T, BT bV v adEHRIL
(9)+C11)
0.89W:% ThBH, ZOfiizt—#—5H0 II (8892) TH B, (Table 3)
—H, = TERGFICETELRBERO &R,

Riigtiis — 0BG b DOHEE T Sl M SRR G il 5)
THbo

ZZC, Xweo ik Na,0 0 HFETH D, Ina 127 1Y 7 A0SR X B
Thbo

3.2 Ek=I X2 on (Mg0) OFHR

b~ 73y v a0EMSEHFES LT, 2B Lo & ER ko i
i, #Eh (TAP) & PHA (LL=100 & UL=300) 72355, ZOEBFECL
s THEBRIARY P i3, Fig. 3 o FRThB, 2o MgKa fifn a4
b5 A DY X BT 0.357 keps ThH B, Licho T, Bk~ FH v A
DEHRIL 1.TW% ThHo, (Table 3 » II)

—F, I — TERGHCEWTE SRR O &R0,

Xugo = 0.045154 4 3.3657 Iygg =oorreeersrvrrrrmmmisionnnereresmn, (6)

TH5bo
Ty Xugo 13 MgO OGHRTH D, Iue 1L~ 7% vy 20X IEH
ETHsb,

3.3 Bk Iz=u s (ALOy SR

FRIET A 2 =0 ADEBMEMELE LT, 2EEBL elHd & R HEO il
©, $8 (PET) & PHA (LL=100 & UL=300) 2ib%, = DEBFHIEC
I oTEsRIc Ay gL, Fig. 4 0 FETHD, =0 AlKa @0 A2
7 b5 ADERXEHED 9.638 keps THDo LichoT, BT =
ADEHRE 15W. 9 € %o (Table 30 ID

—F, Fr—=FERGHRCETELREHRER O &84T,

Xa1,0, = 0.73069 + 1.2826 Li; weeereesrersrmiesmniiiininiiiieiic, o
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T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 A100
%10 keps
0.0 0.5 1,0 1.5 2.0
140 + + + i
142—1 + + + .
144+ + + +
146 -/'/T’/ + Ak + -
1 i L
T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 Si0o0
X 10 keps
0.0 2,0 4.0 6.0
1064 + + g
108-‘& + o Si-K 1
1104 ——— + + e -
112 L .

Fig. 4 Chart Recording of AlKa and SiKa X-Ray Fluorescent Lines
on Soil Sample from Jetavanavihara, India
ThbHo
2Ty Xao, & ALO; OFHEERTHY, La BT A3 =7 2 0L
HETHL,

3.4 [JOEE (510, OHF

TUEBOEMESGEL T, 2EREBL-EHA EERFEOM, &
(PET) & PHA (LL=100 & UL=300) #%%, =D ERFHELCI - TES
RicAa<z P A%EL Fig. 4 O TFEHCH S, D SIKa gD A2 + 5 408
Y XARRREL 41.347 keps Thdo Lichio T, HWEEOEEE 1T T0W. %

(8)+(11)

“#H%o (Table 3 II)
—F, P TEEAIC R T bR R D AR,
Xsi0, = 4. 6518 4 LABRDYT Ty swrovevswassmnssns snuessos saaavus s a8y Vi saning (8)

= ife
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.’C‘%é (a])

Z 2T Xsio, 1% Si0;, OEEFERTH D, In HTWEO BEXHERE TH
Do

3.5 TEERE (P.0,) DR

ARCHEOERRFMAFLL T, 2RERL -HRRNLERFEO M, &R
(Ge), PHA (LL=150 & UL=300) »% 2, cDEBRAEILL-THELAL
A bl Fig. 5 o b TthH %5, =D PRa o 227 + 5 208
XAy 1.535keps ThH B, LichieaT, HEHMLEO SHZZ 0.71W. %

(93e011)
T#HbH, (Table 3 » II)

—H F— TERGIITECTE LI D &40,
Xej0, = 0.0060378 + 0.41254 I,

T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 13 ‘P00
X1 keps
0,0 1,0 2,0 3,0
138+ - + -
1404 + + B
142_% P;Ka ]
144 i 4
T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 K 00
%10 keps
0.0 1,0 2.0 0 0
1344 + + - -
ol | SO + na” ]
1381 T + pie 1
140 L . .

Fig. 5 Chart Recording of PKa and KKa X-Ray Fluorescent Lines on
Soil Sample from Jetavanavihara, India
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ThHBo
2T Xeos 13 POy OFERTHD, L BOEEXKRHETHS,

3.6 B{thvYvLa (K,0) O

Ffb s 0 o A OFEREEE LT, 2EEER LGRS & R IFE O i,
Fif (Ge), PHA (LL=150 & UL=300) #bh%, = DERFEC L - TH
Bhi A7 by Fig. 5 O TR TH %, cO KKafio A2 + 520
BN X HRBREEIL 25.750 keps TH Do Lidi-T, Mbr V72 D FHERX
3.6W.% T %o (Table 3 o II)

—F, Z = FEESICETE SR ARER O &R,

Kigo = —0.030930 4 040710 Lig woevsrvesemmsmmssnissnssentisssissinisiinne 0
ThHbe

T, Xgo 13 KO oGHRTHY, Ik ikh ) v AOBEXRBE TS

S

3.7 Bi{kHNT YL (Ca0) DR

b vy ADEREEE LT, 2R L BHRR & ERAEO Mz,
LEH (Ge) & PHA (LL=150 » UL=300) 55, c OERFEL L »TE
bhtzA27 raAfiil Fig. 6 o FETho, c D CaKaffD A7+ 540
B XHREEE 7313 keps THDo LietioT, Bl ry v A0FHER
1.2W.% < %o (Table 3 o ID)

—J, Fr—FEERGFHEEVTE LB ER O &4,

Kosor= 0.06160%-4 0.27948 Tgygrsrvorirsvosssrvionsasmmrsesossvisnmmmmnanss ih)]
THDo

G, Xewo 12 Cal OGHETH D, lea A7 AOBEFEXFME T

Hbo
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T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 Ca 00

*10 keps
0.0 0,5 1.0 1.5 2.0

1104 + + +
1124 + . "
116 : : :

T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 Ti 00

X10 keps
0.0 1.0 2.0 3.0 4.0 5.0
o} T T T T T
854 + + + + + E
= Ti-Ka
87 + + + + +
89 :

Fig. 6 Chart Recording of CaKe and TiKea X-Ray Fluorescent Lines
on Soil Sample from Jetavanavihara, India

3.8 B{tFra=9.4 (Ti0,) OFF

Bibs# =Y A0EBRENHEL T, 2EEBRL LBHR L ERGHEO iz,
# & (LiF1), PHA (LL=100 £ UL=300) 3% %, = OEBRHEL L - TH
bhicA~2 v il Fig. 6 DO FHTH D, =0 TIKa gD A2 540D
BIKAMEMEL 0.705keps THB, Licaiao T, BEF % =¥ ADEHXIL
0.77W:% %?;%%fc (Table 3 o II)

—H. F—TERGICECTHE LR IR O &R0,

Xrio, = 0.0070176 + 0.92146 Ipg «eeeveervveemiiiemniiiniii 12
Thado

ZZTC, Xno, 1 TiO, OGHERTH Y, In BF 2 vOREXBHRETH

%o
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3.9 EMkwrHry (Mn0) OTH

Mt~ v # VOEREMHEE LT, 2ih L R BERR L EERTEOMIC, &
B (LiF1) & PHA (LL=100 &t UL=300) 2% %, = DEEHEI X - TH
B A2 FAfE Fig. T 0o kR TH%, 2@ MnKa gD A7 7 4
DB XIS 0.669keps THhD, LichiaT, B~ v ¥ vOoEFEERR
011W.% %%%130 (Table 3 o II)

T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 01 Mn 00
X 10 keps
0.0 1;0 2.0 3.0 4.0 510
614 + + + + +
634p — Mn-Ka + + + + +
651 + + + + + -
67
T# JOB CODE SAMPLE NAME B# EL.
2-5 STP FP02 GION TSUCHI 11 Fe 00 %10 keps
0.0 110 2.0 3,0 4.0 5,0
514
— Fe-KpB1 + 7 +
53 + + + ¥ J
554 + + + + + -
Fe-Ka Mn-KfA1
57 + + + + +
59/ t : + + ¥

Fig. 7 Chart Recording of MnKa and FeKa X-Ray Fluorescent Lines
on Soil Sample from Jetavanavihara, India
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A2 Fy EESCREL T e Eo B XESH (R, 87, /D

3.10 BYLE—§ (Fe,0,) O

AL @ DEREHLE LT, 2ERL -EHR L R A EOMIZ, R
(LiF1) + PHA (LL=100 ¢ UL=300) Bb2, c OERFEL L - TEL
iz A2 b gz Fig. T O FRTHb, =D FeKa #0227 540D
BA XML 55.550 keps ©h Do Licttio T, BEE_SoE&HRIL 5.9
W.% %% (Table 3o II)

—H. F—TBESCEWTE bR BB O &AL,

Xre,0, = L o L T b L 14)
ThdH,
ZZ Ty Kreo, 2 Fe,0, OGHERTH D, Lne REEDELXHRETH S,

4 & B

4.1 BAFHEML—F—FiRORS

TEBESCHBE L Cu it #Biconw T — £ =G & T o fce & DEETH
DGR, ZitRiz Table 2 D x50 THL, Thbb, BIAKEOBREE (+
PO ARAY L), BLIABRDEEE (/%Y v A, ALY T ARLY
AbryFvn) PENBEROESE (F20200a=va) RENEGER
T0Bo —F, H3MEELMOTRLSS BTN TS

L7chio Ty ThbORRS L3 OEMEEREZEF Lic (Table 3), Table
3 o IT (8892) L IV (8962) Tk + A (Si0y) o&HFENELEL, 70
W% wic-Twd, LT, KRITEWEETA I =w 4 (ALOY 1. 15
W% 4 FEhTnwb, ZOWH (Si0, & ALO) #fbes L 8BW.% T
Hh, ol3oarRXixr b FitThiE, 15W% g o b, Table 3
B ThThOARY P 7 AL - TEEXBMEOWEL 1T - IeiER D &
ReFRR Ll A—F—FHoRT, 1L IMikary, —205KSHETH
5 FORTRAN XU CESEYAHVWT, 7R/ 7 A%ERLT. FAERD
FlaEZT TLOE LI DFRX DEMTH oo 20 I % 3 DERHGEE
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Table 2 Periodic Table of Elements in Soil Sample from Jetavanavihara, India

Composition (Wt%)

TA|TTA|IB| NB| VB WB} WIB il TB| B {MA | VA | VA | VIA
1
1| H
1.008
8
2
15,599
11 |12 13| 14 | 15| 16
3 | Na [Mg Al| Si|P| s
22,990 | 24305 26,982 | 28.086 | 30,574 | 32,064
; 19 | 20 22 25 26 30
4| K |Ca Ti Mn Fe Zn
39.008 | 40,080 47.88 54.938 55.847 65.37
38 40
5 Sr Zr
87.62 0,22
6 il PR
196,97
% SXXIEE T EELEY
B e ETE
e
20 ;
18 e e e e e
I 15"%"" SRR S SeaEEReesaSesmEe e
o Iéf ]
N |
L SN
N ; _______________ 59 ..
P LNy _/ ______ S0 e s, sn e s e B
2 __9_1'.'7 / ______ -l 2= mm WA= - = ==
0 7, § 0.7 2708
; WI%‘ AV?]O'IOS P2 oA Ol 0.010.02  0.030.04

T I U 1 I 1 1 ) i T T
Na 20 Al.03 P,0s K:0 TiO, Fe03 Rbz0 Zr0;
MgO Si0, S0s Ca0 MnQO Zn0O SrO Auz0

Fig. 8 Relation between X-Ray Fluorescent Composition Data and Chemical
Component of Soil Sample from Jetavanavihara, India [TI (8892)]
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Table 3 Order Analytical Results by Fundamental Parameter Method on
Soil Sample from Jetavanavihira, India

Component i Order Analysis (W,9) Group i JG-1
I ‘ Spectrum | S T ‘Analysm}
Detmitian | | oty | codony | cotbn (8962) | (We%) | (W2%)
NaO | NaKe 0.8 0.8 1.00] 1.10] 0.90| 3.4
MgO | MeKa .70 | 1.70| 1.60| 1.70| 1.64 ] 0.74
ALO; | AlKa 15.00 | 15.00 | 15.00 | 15.00 | 14.89 | 14.29
Si0, | SiKa 69.00 | 70.00 | 69.00 | 70.00 | 71.17 | 72.75
P05 PKa 0.70| 0.70| 0.8¢| 0.8 0.70
SO, | SKa 0.05| 0.05| 0.08 0.08 |
KO | KKa 3.50| 3.60| 3.70| 3.80| 3.40] 397
CaO0 | CaKa 1.20 | 120 1.20] 1.20| 1.03| 2.19
TiO, | TiKa 0.7 | 0.7 | 0.79| 0.80| 0.71
MnO | MnKe 0.11| 0.11 0.09 ‘ 0.09 ‘ 0.08 | 0.06
Fe03 | FeKa 6.90| 590 620 520 548| 221
ZnO I ZnKa 0.01 0.01 0.02 | 0.02
5540 SrKa J Trace | Trace | Trace | Trace |
710, ZrKa 0.03| 0.03 0.03 - 0.03
Au,0 Au-LA1 0.04| 0.04] 0.03 | 0.03 ]

e (19884 9 H ).

D II &EE\‘ L»“/’L'.o

F—F=BHEE VT, £ A 69~T0W.% o BENT, 1W.% oxn
WDLNIC BIETA 1 =2y A I5W g TEBEB LT hE S, B

2 hig,

e AEWEL, WESEDEE
L » TIHI & IV a0, 19899 6 A Th 5%, Fig. 8 1 Table 3

ZHI 5.2~6.9W. % OREANTEE L TWS, TOME, 3MoTAKDT
NIz AENABEDr A BT EAGENTVE Z L0 5 Ts

FARBEVOR, LHMORFBERT TR E S, RBEOFEMSKME L

THEERRH D Thid, vV 2 33 EEOMETH D DIZERTH 5%

F—FERETSH, LF

WA/ TI DL LELLNZBERL S B,



4y F, EEBSCHSEL O RREoBEXES QR WT MED

4.2 FN—TEERFINORKR

T—FEROWIE. 7 e S5 ACREINCETROXBBRELZHEL T
TR R R ST A= BHRILE 5T, ERSFOER T o7 E—2
B4 b wPeak &L, Ay 227590 FD1% BG.1EL, Ap 27TV
FD 2% BG. 2 & Lk &=v A KT 5% 20(deg) LEE FT(sec)
I AT hiE, Table 4 DL hicindo

Table 4 Relation between Peak Point and Back Ground(BG. 1 and BG. 2)
on Component Spectrum on Soil Sample from Jetavanavihara, India

? [0 peakr. T cmmr 0 | 0BG B

| — T
Component | Spectrum 26 | FT | 20 i FT ‘ 20 ‘ FT

i deg i sec l‘ deg 1 sec ‘I deg ‘ sec
NaO | NaKa | 55.20| 100 | 53.50| 50 | 56.88| 50
MgO MgKa | 45.28 | 100 | 43.25| 50 | 47.23| 80
ALO, AlKe | 14478 | 40 | 141.00 20 | 147.00 o
Si0; | SiKe 109.10 40 | 106.50 20 | 11110 20
PO,  PKa | 141.00| 40 |139.35| 20 |142.55| 20
KO | KKe | 69.95| 100 | 6750 50 | 71.93] 50
Ca0 CaKa | 61,93 60 | 60.35 30 | 63.38 30
TiO, TiKe | 86.16 100 ‘ 8.5 50 8.8 %0
MnO MnKa | 63.01| 40 | 6212 20 | 63.99| 20
Fe,0y FeKe | 57.55 40 | 56.68| 20 | 58.41 20

HARY P AOXBHEICH LT, Peak, BG. 1 8L F BG. 2 pfELSIE
sk XA (Net Intensity) #BHT5ZEMNTES, Tiobb, Net 0

(8)-(11)

X ko X 5 R ind.
=1, — [Lngi~Tng.g] reeeeeerorereranmsnmssssnernssnsisersnsnansssasasaansannss 5
ot Ino  IERROENXEME
I, :E—27#fr BT sEEXEEE
Ioo,1: 39 7 755 v FO 1 DELEXHHE
lig.;: -39 2 759 v FD2OEEXERE
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Table 5 Group Analytical Results by Fundamental Parameter(thick) Method
on Soil Sample from Jetavanavihara, India

| Raw Int. (keps) Net- | Unnor-|Nor- | Results
Component Spectrum . Intensity‘ malized | malized |

| Peak | BG.1|BG. 2 | oo | ooy | (wiasy| V%)
Na,O NaKa | 0.1252] 0.0382| 0.0350| 0.0886] 0.8601| 0.8993] 0.90
MgO MgKa ‘ 0.534(5‘ 0.0879 | 0.0598| 0.4607 1.5709 1.6426 1.64
AlLO, AlKer  [10.362 | 0.0947| 0.1055|10.260 |14.2440|14.8940  14.89
Si0, SiKa %43.847 0.2106 | 0.1856|43.650 |68.0610(71.1650 71.17
P05 | PKa 1.7031| 0.1403! 0.1121| 1.5773 0.6666| 0.6970 0.70
KO | KKa | 8.5607| 0.3926] 0.3033| 8.2175| 3.2506| 3.3989| 3.40
CaO | CaKe | 4.1607| 0.5887 | 0.9453| 3.3951| 0.9812 10260, 1.03
TiO, | TiKe | 0.8626| 0.1319| 0.1181| 0.7372| 0.6820| 0.7131| 0.71
MnO | MnKe | 1.1141| 0.4934| 0.4172| 0.6570 0.0779 0.0815 0.08
Fe, O, | FeKer i60.482 1.0209| 0.8794 59.532 i 5.2439; 5.4830; 5.48

TOTAL ‘

|95.6382 [100.0004' 100.00

DX S FHEH T -7 EESHOERSY Table 5 0k 5ick
TS ERTRR,

Table § i3\ T, £A< bk LT Peak, BG. 1 %X 7* BG. 1 o
HFOBX ML % Raw Intensity » U7z, Raw Intensity 25 Rw 75K 148
=Ty B8 Licoas Net Intensity ofETH %, = Net Intensity o x -
T, Unnormalized Weight Percents #2}% L7z, Unnormalized &4z
IR ZME Lok BDETH S, —7, Normalized &= ix442% 100
Wi X SBB LIETH %, Results 112D X 5 e ifbic k » THBx
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