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Abstract: Emission radiography as applied to ore petrology is a method taking radiographs of
polished surface of metallic ore by gamma-ray irradiation. Secondary photo-electrons and
fluorescent X-rays emitted from the specimen give images of component minerals on the
photographic film put directly on the polished surface depending on the effective atomic
numbers of the minerals. The radiographs thus obtained include informations of texture,
grain size and proportion of ore-forming minerals, and are particularly useful for the study of
ores containing minerals that are difficult to discern each other by the naked eye (e.g., sheelite
in skarn).

The present paper discusses technical problems to obtain well-contrasted radiographs of
ore specimens, such as estimation of optimum exposure dose, comparison of gamma-ray sources,
effect of fluorescent X-ray overlapping on photo-electronic images, and so on.

The specimens used in this study are eleven metal tips [Pb: 82, Au: 79, W: 74, tungsten-
silver alloy: 64.6, Sn: 50, Ag: 47, Zr: 40, Zn: 30, Mn: 25, Ti: 22, Al: 13; figures are (effective)
atomic numbers] and a lead-zinc ore from Hosokura mine (Miyagi Prefecture), consisting of
galena, sphalerite, pyrite, and gangue minerals. Polaroid Land film (type 55 P/N), instead of
X-ray film, is used for the convinience of handling and processing. The photographic densities
of the metals and the minerals are normalized using that of a blank point on the film as a
standard, in order to cancel the variations of the density due to the processing condition of the
film.

It has been confirmed by the experiments that among the three R.I.’s studied *’Co is the
best gamma-ray source to get well-contrasted radiographs because of its lowest gamma-ray
energy level (about 122 keV). #Co is inadequate for this method, because of its higher gamma-
ray energy level (1170 and 1330 keV), and *¥Cs (662 keV) has brought intermediate results.
Exposure dose of 3000-3500 mR is optimum for the %’Co source, and about 7500 mR is neces-
sary for *¥’Cs when Polaroid Land film (type 55 P/N) is used.

The tests on a specimen wrapped with aluminum foil have revealed that the irradiated
sample by gamma-ray induce not only photo-electron but also fluorescent X-ray.

The radiograph of lead-zinc ore with the 57Co source shows a good contrast between
galena and sphalerite, or galena and pyrite, but the contrast between sphalerite and pyrite is
poor due to their similar effective atomic numbers. Therefore, this method is the most adequate

to study those ore specimens which contain minerals of high effective atomic numbers such as
Pb, Hg, W and so forth.
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BRAXBOITERS A 2 Y 7 =27 MAHTEEE,
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U7k, Gumansky et al. (1960) 2k 5 - T [
53545 7 4+ (emission radiography) | & FEE,

2. = pi:l

ER  WEE T R CRE LSS, —REZKET,
X, AV =BFIHHEINID. chbnd b,
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Fig. 1 Geometry of the gamma-ray irradiation.
Arrows show, from top to bottom, light shield
paper, handspecimen, polished surface of the
handspecimen, emulsion, radio-isotope for gam-
ma-ray source, lead vessel, and lead shield.

25).

Z OEETOREIL, BIES LD v BUTER S HRT
B eDITBEHIcRBE LIZL &, Zhiclk~_TaE
o b IAE L BT X Bl 712855 < Boh i)
PERRLTWOT, ZORER, BEEREBIOERES
FTILTHB. ZOZLEAALT R LABHER
DT, BEHEE Z LSRRI (5 1K),
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AR, Pb (BT & 582 UTHEE, Au(79), W
(74), W-Ag & & (W : Ag=70: 30 wt%, 64.6), Sn

HEEEZEFETRL LD DT S, (50), Ag(47), Zr(40), Zn(30), Mn(25), Ti(22), Al

BlR RHRTEZOH

Table 1 Effective atomic numbers of the materials used in this study
Material galena sphalerite pyrite calcite quartz W-Ag alloy
Composition PbS ZnS FeS, CaCo, $i0,  W: 70, Ag: 30
The effective atomic number 61.1 24.5 20. 1 1.3 10. 4 64. 6
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IHERVOBMEBHB LI, FHLOOBEHEL, BIfL
VERETH D, K, NEEEAREM RO TR v
BT DREREZDICEVIED, T4 AT A W11
X 9em 2D TCHREIDOKE S ILHIN»HB. Zh & TO
ERTRITERXKET 2 v a [EE100] b, #1042
ELORFBREEZVELTAZ L REHL TS,

% 1 Hics Uz FRETEEE CI3BRIR & VBT BETE o BERE
BFEESEPHE B2, 2300 TR
L TTR L5, BRIEHRE I X v 1T
5. ZTOBEFIE BEERR LT BRoED b
EEEPTOILERDD.

R OFIEL TR RN CRIGH T & BT E & 5
S, BEE T s BEHILTZRA b E AN

D BAETHE, 0L FIFAEEST S PbeZn.-Mn 2T
Hbicic Ni iz, Au(79), W(74), Sn(50), Ag(47), Zn(40),
Ni (28), Ti(22), A(13) » 8L EHESLBL LTHL T 5.

5. 74V AOREERE A~y MIBBIEO/NMEE
RF72E 2175, o2 BRNECETHL» UDEHE
LTRBWRED » B ERET 5. BEKTEREIZ 4
LAEHERHOA>TWBEZEL, TV F7 4V Ak
H— #5451z X - THEEITS.

TOFEE, BEMER SRR EE SRS
ediT, FBEDONITABRELLTW (MR - I,
1977). % 0% 1 3R 2 L 0 <, 3Bk X 2 BEm 0%
&1, BrRE L EROMICAS d OBOE Yy,
BOENC X 2B EB355. E23 N RIER
T, BB B ORI bERISE £ T CRIELEY,
KERE LYV T52LThs. ¥, BEROILAIC
o TREEBRbEh, B2ETIHEALLS. B33
KB EF 2 X ZFERmOKLT, BE LHE-> TEEO
BEZOERZT.

BRE b 7 7 3 e B R C L R RR T
&%, {LPAREEROBE OBILICHT 2 B0 E ik
BROBRECDHD. KFEBRETIZ LItk > TEER
RETHL, EEORBEA~OBELRBEZ3Z BT
&5,

Z D7, EIEAORTBIC, R IicBE L
BWES VY B VERB L CEERES. VU h
FVRE2— VDM EBO/NLE DT T2 bDIC AR
TER L.

3.3 HWsHeE

SE OFEBTIE, ¥Co, ¥7Cs, ©Co » 3 BOHZEEIR
FHERLT BohicoP4 5 7OREERfTo7. &
BIRD y RT3V ¥—, PR E 2RSRT. RO
BEITNFHR L BRERIZI0 mCi 0L 0EFER L.

NBIED (1971 a) Tk ®Se 24EALT, BWIIF
I 7EBTNS. LEL, ZOEREHRHEShS yi
TRV F —7366-400 keV OFFATIOREIZ L 2D, v
FNE—LZHTBEIVF S5 7 OBEEBEOEEEE R
T2 CIRBEY Th-7z. ZOHATIE, BEN
B XX -0y BEREE LY. £z, —RKICER
HOREWBENRENTHS.

L2aL, 100keV BED xR VX —ET, ko
HERETHET I LOTELBRT 2 W, Lo
T, BERTIEZAISENEOLL T ¥Co & A v 7.
5Co 12122 keV L 136 keV 0 » % 28, WO =%
ME—DERNEL, Fie, FORHEIEGIZ122keV &
788%, 136 keV #2310% L REVRDH B, b, R
32700 ©h A BAEBRO BIICIE+S T hote, =
DFAFIL100 keV BED =R F—0 p I L LTk
LbEWEEBEZERZTWALE LS.
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Table 2 Radio-isotopes and gamma-ray energies

used in this study

y-ray y-ray energy and .
source relative intensity half-life
keV %
96 3
120 15
"Se 140 54 120d
270 56
280 23
400 12.5
14 9
¥"Co 122 87 270 d
136 i1
187(g 662 85 30 v
1170 100
*C 5.26
° 1330 100 v

(FPFTAY b—TFIRITOERUC XL 5)

8105 13662 keV D y A LHE B NE—z X L F—
DHFIFETH Y, FEHI0E LR IZEN. 2 OFHFEN
ZRETEME, BEEOE CHEELERN LS. ME
Eh (1971 a) T, BEREOREY XHEYU T &2 o
Jeledic, TOMRETOBBICKBEL TV RS EIRE
HEBEZ LTS VA ST 72852 b8 TEE.

©Co (1.17 MeV, 1.33 MeV) 13, =31 ¥—N B+
E50T, /MEED (1971 a) RN ORHEL LR »
-7, UL, Hme (1952) 132 O#EE AV CTKE
FORZONWTEELTWEDT, &H, hkMor
Wiz “Co Iz X BEHRLIT- 7z,

3.4 BEREOAEEEEL

BEHEBEOWERL T 4V AOFEBEE B, Fy ot
Bp5—F -2y 27 K120 k> T, BEHMEITLE L
fThhi, ZRECHEBEEREOACO VTS,

VXTS5 7 OB DI - TiE, BESLERZYD
Bt —ER oz LB CEE H 5. LR
L, BRANDSHREDL 5 iz, SHROERE —EIHR
BIozlickoTBRBEEEZA 2 FER AT,
BBIBHEKR T L LEF21T5 06, £4 035k%
HREZEANERBZEEST RN, Ei, YHIC
X287 L ERERKNICRS LERTE 2 2%,
NESBERBEOREEZOLDE=SU LD Tt
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B2R BEREOCEHEIL L IFFEE/LO LR
HREI @ Co #RIc & 3 7 V47 7 7 R 0BG REROFE
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B FREEOCEISFESRICOTT. ARy 7SIV FR0.17L
LT L, REEOEG & E2HEL TS ey b. BIXEH
BERIEEOEE S Ry b,

Fig. 2 Comparison between observed and nor-
malized photographic densities (D) for the stand-
ard metal samples (*Co gamma-ray source).
mR: exposure dose, A: normalized, B: observed
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EEICZA258ETHD. ZOEMEME, WEEDS
HOREDEE AW TRIZ0. 17 Lz,

Wi, BIEESE Dy L35 L EREE Dy i2kDO X T
Ezbh3.

D, = Dy —B.G. + 0.17
Bl LT, Co MR L L BHRSBOEREE & R
FEBHL TS vy b LEREE 2RIGRT. HIEE
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BARELELS>VWTEREREOIBIRERETE RV,
FRICE->TEENMT A LICEYVFIREL RSB, ¥k,
Al OEEREE2TEOREMEX0. 17-0. 550 EH ¢, ¥
0.30, IEHE(R0.095Ch 523, Zh a5 L0.17
-0.23, 0. 19fEREE20.021 L 2 Y, BEEBEDAS
VERREIRS.

3.5 HEXRoRENE

SVFT T 7T BRI BOFEBELAS /DI
RE LT AN AOBIE T VI =y A ERERNTI VS
S 7ER-Te. THIE—RCEFRTAVI =T AHEEE
WLz v, XF@EE Lt L2 AL bD
Thb Tz "Comnyig (122keV) & AuizfRh
FT3L, REHRICE > CRETIZREFEIKEPL
DL DOPR80%%E LD, FOZRZLF -t Au ODKBEDE
BERT 2% n80.7keV L3k, 41.3keV TH B, B
FHROFKFIE (2 BAL mg/cm?®) 3IHEIT X 5 F%K
THExibNhB,

I =412 E®
ZZTE (MeV) BEFHO=RIVEF—T, THH0.01-
2.5 MeV @ Gt n=1.265—0.095 InE C§ 5. 41.3
keV OEFHEICH LT X 1=2.79 (mg/cm?) L 3 & X
h, Zhid Al OFBE 2.7 % FvwT 1.03X10% em &7
5, Lo TIiO i —0RETIX 1.03x1073

cn QESOF7AVI =y AMETHIESHS. FEBic B v
eEDEX1X1.48x10% cm @, _LEROMERED BT IX
+5ChB.

—J, TAI=TAEICL B Au OBBXBOBEBER
K3,

K=e#®
CEVHETES. 27EL uid Al OBBIRE T, X
ROZFINE—kBETS. XEEPEE (Z0HA
1.48x107%cm) TH 5. Zhick s L, Au T 3K
STHIFEALI0%EETS. £, BFEFMEL &
5 LBREXBIBMEL, Fld Cul29) Tk, @Elk:
Fl L 7B TN, YPBRE D88 T%IHET 5. £hT
YL > TEFSHIEEh B0 LT, BEXH
HYOBEATHEEZBEBRL T 4 A MCET S, Lo
T, TAI=YAEBEALTLIVF ST 78 EbRR
i, FREEEXBICE 3B EHEETE S,

L HRRUEER

L1 SOFTZITICDNT

YCo Ik BIFVFS T 7 IIKAME LN KR i
E0flE, EIRCEEREONEEL, & 2RICEHE
LB EFERR LTS vy N LEBEEERES T
TRRT. R, EINKERMEL, WEECTER

®3% 5Co, ¥Cs, ®Co HiFIL X 3 EHRSEAR R UG « HRE F o EHIEENEE
Table 3 Photographic densities of metals and minerals on Figs. 3 and 5.
RI 57Co 187Cs 0Co
No. 132 141 134 136 144 137 154 162 168 151 153 161
Eﬁﬁﬁ;ﬁfe 960 2200 2860 3660 4450 6280 | 3790 7560 11440 | 4800 9600 19000
Au 0.49 0.54 0.77 0.79 0.75 0.94 | 0.32 0.48 0.44 | 0.3¢ 0.43 0.59
w 0.48 0.52 0.76 0.79 0.76 0.94 | 0.31 0.48 0.45 | 0.3¢ 0.44 0.59
W-Ag 0.46 0.49 0.72 0.75 0.72 0.90 | 0.31 —  0.43 — —  0.58
Sn 0.41 0.43 0.66 0.69 0.66 0.85 | 0.29 0.44 0.40 | 0.81 0.4l  0.55
Ag 0.39 0.41 0.64 0.67 0.63 0.8 | 0.27 041 0.3 | 0.30 0.3 0.52
Zr 0.36 0.39 0.60 0.63 0.62 0.79 | 0.26 0.42 0.38 | 0.28 0.38  0.52
Zn 0.30 0.32 0.51 0.54 0.52 0.68 | 0.25 0.40 0.37 | 0.27 0.36 0.50
Mn 0.27 0.29 0.47 0.49 0.46 0.64 | 0.23 0.38 0.3¢ | 0.27 0.3¢ 0.48
Ti 0.27 0.28 0.46 0.47 0.46 0.61 | 0.24 0.38 0.34 | 027 0.35 0.49
Al 0.25 0.25 0.41 0.43 0.4l 0.55 | 0.24 0.36 0.3¢ | 0.25 0.3¢ 0.47
B.G. 0.24 0.23 0.37 0.37 0.38 0.49 | 0.21 0.3¢4 0.31 | 0.23 0.30 0.44
PbS 0.43 0.53 0.71 0.75 0.75 0.94 | 0.29 0.44 0.41 | 0.32 0.40 0.53
ZnS 0.27 0.32 0.47 0.51 0.48 0.68 | 0.22 —  0.32 — — 0.4
FeS, 0.24 0.28 0.44 0.48 0.44 061 | 0.20 032 030 | 0.26 0.31 0.38

B.G. 3y 77 7 F, PbS, ZnS, FeS, 134 45608k, PIHSAEK, BREHLERDT.
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Fig. 3 Relationship between photographic densities (D) and atomic
numbers (Z) for the standard metal samples irradiated by the
57Co gamma-ray source.
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Fig. 4 Relationship between photographic densities %5 Colc k 3 EESBABNOEERE S 57
(D) and atomic numbers (Z) for the standard BHEBENEE®) & 20 LIMEA). BitHEso-+HEiR
metal samples irradiated by the #7Cs gamma-ray JRI D 4-6 DERITHIGT .
source. Fig. 5 Relationship between photographic densities
A: normalized, B: observed (D) and atomic numbers (Z) for the standard

metal samples irradiated by the ®Co gamma-ray
source.
EBS77Chs. ZZRRLADIDIT, ELAEHL A: normalized, B: observed

72 RFEFS OB LTed - TERERE SRR
15, ki, BEBREODPRVWLOREHNE®BL, B L, 1500-4500 mR DT, REHRE L EERE
HHEEOZVWLOREMPRL 22HANRLNSG. L LOBREILTLI—ELTHARN,




WEBAERHARGESBE E1 8

—iRiz, BEBEESS 7OEMAPARL ORIV T
AP TRWI VS5 7 THEY, REHRENS
FTED L V-V aVERIL, BERELY

WiCs itk 550475 713 20 e B, BRI
1-3k5 0% 75 70HERTH, Co DHPAITHEA
avhFRIREY, BRLEHSERS, EERE
1, BFEEVPREL o Tho T LaEmeT, &
BEEN0. 3220z 2BE L RoTWD (F4K). %
7o, Co ITHAEGRE BB DI 2.5-3 % ORELLE
LY 50, BEBRE~OFELI W

9Co T DSOF S S5 7 e B, BRRIO 4-
BILEDS VAT T 7%, HINCERERES T 78R
T, 2075 7oEREIDEL, ¥Cs oBs i3k A
BERR.

4.2 BERE

SUFTSFT7OaY IR MR LTI, BBREES
HGHHER CBYAEEABELEETH IR, RLIER
HARERIENBRETDHS. BEHBESV 2T ERE =
VESARMNDEWS VX ST 7IEkB L, T EREA
L=y a RV ITIE—va VERBIT. £, BER
Fes P77 7RG ABHANTOINT BRE R E
BOBRCERBY., ChbDFHEER L EERE
i, RS uA F74nniext LT ¥Co: 3,000-3,500
mR, 1*Cs: 7,500 mR, %Co : 10,000 mR ¥ 5.

4.3 BEHgE ks

5Co, 18°Cs, %Co 0 3 HIEIC X - T, &2 Pl B
ErEES BRENCE 2 kA O hE & 6 icoRT
Zhiz ks L¥Cs, 9Co T3, FEBEZIZLALRLT
BB WESL YCo TIRARBERETRT. Thbb, ¥Co

[fﬁ'
05+ stbwmw
04
03k *Co 9600 m8
g;dm/F’Az:fﬁ%:i::?w
0.2}
A TMnZn Zr AgSn AW WAy
20 40 60 80
Z
%6/ Co, WICs, ®Con £ I X 5 BES RS

HRE o e
Fig. 6 Comparison of photographic densities by the
57Co, 37Cs and *Co gamma-ray sources.

D| W /

06 oo
57Co }o &
I o © .“'.
OA( -] 7 °
?// g0 B o

oo Qo T —
o ¥ +

/ 0277 © 80Co
02 -~

o @

05 1 '516R5'0

FIR REHRER) L ZEBRED) 25 Rk “Co,

137Cs, °Co £ I D H ik
BERER Y VT ATy (W RTEST) OFELLEE v

v b,
Fig. 7 Relationship between photographic densities
and exposure doses for tungusten metal.

CEB53VF 5 71@RBvay M5 R MERTA, ¥Cs,
“Co TIRZDEBETI+HRIVFITF7EBD Z b
BT&ERv. Zhid, yBREXVF—0 XY ENTCofit
FTk, RBEIRICLIVBETIRETHEMNT 3
R, 1971a) 120 Th 5.
BEEBEEYBEBECH LTS vy FLEbDORET7
Hizowd., ZORTHLPOL 51, BHEHEELZESL
THEREREPENL 2 WHEAERIEETS. “Co T
RZhETOERTIORBICET 2HBELBH LS
LB, ¥Cs, CCoTIIMTREICRELELTLE
ST LERLTVS,

44 BEXBOSE

TN =Y MBI L BEROEREREE 4 E - HIK
I - 3 8 Micmd. %4 RBIFFM? > EEBERHIE
LicbDThs, ¥Co It L ARRM® 1-3 Tz 743
= LMEEROBRNEE LS. EEAVRVWEER
B (FNER YaEflchsoiliy, H2 Ak
BE (B TREENDBZV. LiL, EEMLTD
FSUFTFTIREBTNS, LSCRALEL I i <
LY Au Tk, BEFRERTAVI= LS LR TESHE
IEERTWER, ZREL PP LTHREELND DT
ZIREBTOPRTIERL, 7AI=y AEEEET B
KX L 25RTH S,
BWREFEFOWECIBRERT v vy v B E WO
T, BETAHIREFERIAVE-BELRY, 73
=ULBERIBLALERTS LS RS, FhIThLPH
PO TEERBEMEVDIX, ZThdOWEPCHRET S

— 40 —



B#7 047774 ONREH - FRESE)

wAR THIERCXZEHEBEORY
Table 4 Decrease of photographic densities by aluminum shield

RI 57Co 189G
No. 189 178 5 173 179 180
Eigg;gre 2690 4250 | 23100 10900 11100
Symbol o + o °
Al foil 0 1 0 2 0 i 0 3 0 4
Au 0.64  0.42 0.77 0.53 0.67  0.62 0.54  0.48 0.46  0.42
w 0.63  0.42 0.77  0.53 0.67  0.60 0.53  0.46 0.46  0.41
W-Ag 0.60 — 0. 74 — 0. 64 — 0.52 — 0.45 —
Sn 0.52  0.41 0.67  0.51 0.60  0.57 0.48 0.4 0.43  0.39
Ag 0.49  0.39 0.67  0.50 0.58  0.56 0.48  0.43 0.42  0.39
Zr 0.48  0.39 0.64  0.51 0.59  0.55 0.47  0.43 0.41  0.39
Zn 0.39  0.34 0.5¢  0.48 0.57  0.53 0.45  0.40 0.38  0.36
Mn 0.36  0.33 0.48  0.48 0.53  0.52 0.43  0.40 0.3  0.36
Ti 0.3  0.33 0.47  0.48 0.53  0.51 0.43  0.40 0.35  0.35
Al 0.30 0.33 0.44  0.48 0.51  0.49 0.41  0.39 0.34  0.35
B.G. 0.27 0.3l 0.38  0.48 0.48  0.48 0.37  0.37 0.29 0.33
PbS 0.62 — 0.67  0.47 0.56  0.58 0.47  0.43 0.43  0.42
ZnS 0.38 - 0.47 - 0.46 - 0.37 — — —
FeS, 0.83 - 0.39  0.41 0.44  0.49 0.36  0.36 0.30  0.36
¥1C0, 197Cs MRIC & 5 S BREHR U9 - TOAGER O BIRME L 74 BRSO BIBE & T
mR
05t MO ZREFOHIBRL BN EDTH .
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Fig. 8 Decrease of photographic densities by alumi-
num shield. Data are shown on Table 4.

—LBNOT, TOEEDOTLVI =y ABETIRER T
WD ThB.

5. HMANDICRALSHROERE

BRI, TeaiRLiefiafdBosorss, 3
RICEHEREOWERE, £INBRILLERNVEE
BEYZ 7277 K1 TR 580 Hk & PISESRE,
BEEOBPIHKRTH S, PIHESNGE L Eekgh ki s
PRFEEPESGELIR), 20EIT4LLLDTITH
B0, "Co BMRE LT VS5 7 TR, BEEITZ
EHBITER, Thbb, FUVIA—FRIPEEE
EORIE T, 21410 5 & 67% 35 JBEEE 0. 03-0. 0504
iz A%, L2LARTIEERIcE 52, Moz
DRVLDHR10%, AR bEBITCE RV S D2310%
Holz.

— 4] —




BMEREFRAR E3BE E 15

mR

6280
o -
57 2860

03r CO 2200
[fM' 050

0.2

0.3r 11440
1137, 7560

CS . 3790

02t ¢£55;2;§22225ﬂ

03F 60| n ' ) . ;500

02 Co o

01 FelSz Zn$ , . , . PbsI
20 40 yi 60

HIK B -EREFOEHRES TV

RNy 277V F&017L UTERE. 947 773K 1,1, §
B 3 RICTT. EFRTERIIHAG - 66.1, ML : 24.5,
EEOESE 1 20. 1.

Fig. 9 Relationship between photographic densities
(D) and effective atomic numbers (Z) for a lead-
zinc ore.
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Plate I Radiographs of a lead-zinc ore irradiated by the 57Co gamma-ray source. Figures after
photographic Nos. are exposure dose (mR). G: galena, S: sphalerite, P: pyrite, W-
Ag: tungusten-silver alloy, others are element metals. Scale bar is 3 cm long.
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Plate 2 Radiographs of a lead-zinc ore irradiated by the ¥"Cs and **Co gamma-ray sources.
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Plate 3 Radiographs showing effects of shielding by aluminum foil. Upper part of the hand-

specimen and upper standard metal samples are wrapped with aluminum foil. Nos. 1,
2 and 3 are irradiated by %"Co, and Nos. 4 and 5 by ¥7Cs,




