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UNIT OF t1EASURE ABBREVIATIONS USED IN THIS REPORT 

em centimeter 
in. inch/inches 
g gram/grams 
mg milligram/milligrams 
ppm parts per million 
% percent 
sp. gr. specific gravity 
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RECONNAISSANCE OF TIN AND TUNGSTEN IN HEAVY MINERAL PANNED 
CONCENTRATES ALONG THE TRANS-ALASKA PIPELINE CORRIDOR, 

NORTH OF LIVENGOOD, INTERIOR ALASKA. 

by James C. Barker!1 

ABSTRACT 

In 1978 through 1980, the Bureau of Mines collected a series of 514 panned 

concentrates from selected granitic regions along a section of the 

Trans-Alaska pipeline corridor, bounded on the south by Livengood and on the 

north by the Koyukuk River. 

The methods of sample collection and analytical procedures are described. 

Sample analyses for tin, as well as for tungsten and eight other common path-

finder ~lements, are presented. 

The data indicate both tin and tungsten anomalies in the vicinity of the 

northern Ray Mountains to Sithylemenkat Lake area, near the Fort Hamlin Hills, 

and west of Caribou Mountain. Only tungsten anomalies occur on upper Bonanza 

Creek. 

INTRODUCTION AND SUMMARY 

The Bureau of Mines collected a series of heavy mineral panned 

concentrates from selected upland drainages along the Trans-Alaska pipeline 

corridor north of Fairbanks (figure 1). The project, authorized and partially 

funded by the Bureau of Land Management (BLM), was designed to improve the 

mineral resource inventory to be utilized in developing a management plan for 

the corri dor. 

11. Supervisory physical scientist, 
Fairbanks, Alaska. 
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As part of the mineral inventory, this report focuses on the distribution 

of tin, along with tungsten and eight other path-finder elements~/ in 

2/. Path-findere-lements are Ag, B, Ba, Cu, La, Nb (Cb), Pb, and Zn. 

alluvial gravels (figure 2). Sampling procedures are described and 

semi-quantitative analyses from optical emission spectrography are tabulated 

(see appendix A) • Anomalous values obtained from widespread panned 

concentrate samplings are shown in figure 3. 

The practicability of using panned concentrate sampling to delineate 

- 3/ 
favorable areas for tin deposition has been demonstrated by Sainsbury- on 

3/. Sainsbury, C.L. Geology, are Deposits, and Mineral Potential of the 
Seward Peninsula, Alaska. BuMines OFR 73-75, pp: 108. 

the Seward Peninsula of Alaska, and by numerous others working in the granitic 

regions. 

Review of the data from the project area indicates a concentration of tin 

anomalies along the northern edge of -the Ray Mountains and in the vicini ty of 

the Si thylemenkat pluton. In addi tion to elemental tin recovered from the 

Sithylemenkat concentrates, chloritic tin-bearing greisen float was also found 

in this area. Two other groups of tin anomalies are evident, one near the 

western end of the intrusion underlying the Fort Hamlin Hills, and the second 

i n the area west of Caribou Mountain (Hot Springs pluton). Tungsten anomalies 

were found in both the Sithylemenkat area (with tin) and in the Bonanza Creek 

area (without tin). 
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PROCEDURE 

Samples were obtained with a steel shovel from silty gravels taken from 

.the active. channel center of smaller creeks, or in a few cases from the 

leading edge of gravel bars· on 'larger streams. A 14-in. (35.6 cm) pan was 

heap-filled and carefully panned until about 50 to 100 g of material 

remained. The concentrated samples were air dried in the lab and further 

concentrated in bromoform (+2.85 sp. gr.). The +2.85 specific gravity 

material was then sized on a 14 mesh (1190 micron) screen and the undersized 

magnetically separated. The -14 mesh non-magnetic fraction was dried, 

weighed, and pulverized for analysis by semi-quantitative optical emission 

h " h " 4/ spectrograp 1C tec n1ques.-

4/. Analyses performed by. Skyline Laboratories, Wheatridge, Colorado. 

These analyzed values for tin and tungsten cannot, however, be expected to 

accurately reflect regional background levels of the two metals. Instead, to 

provide regionally meaningful data, the actual elemental recovery (R) must be 

determined: 

R A X 1000 g 
1,000,000 

Where R recovered elemental tin or tungsten in milligrams (mg) per 14 
,-

in. (35.6 cm) pan 

A analyzed values for tin or tungsten in parts per million (ppm) 

g grams of -14 mesh (1190 micron), +2.85 sp. gr. non-magnetic 

concentrate 

4 



The recovery (R) is determined by dividing the optical emission 

spec trographic results (A) in ppm by 106 and then multiplying the quotient 

by the number of grams (g) of non-magnetic concentrate times 103 • Where 

values (A) are above the spectrographic detection limit of 10,000 ppm, then 

only the value of 10,000 ppm i~ used (see appendix A). 

This formulation is applicable only when standard size gravel samples (the 

volume of one 14 in. [35.6 cm] gold pan) are collec ted and separated by 

consistent procedures. The value (R) now indicates the weight of elemental 

tin or tungsten in an unprocessed standardized volume of stream gravel rather 

than the proportion of the two metals to other heavy minerals in the 

concentrate. 

The proportion of common accessory heavy minerals such as rutile, zircon, 

garnet, pyrite, and others to ore mineral concentrations can vary from area to 

area. When analytical values are not corrected as described above, the 

presence of these accessory minerals results in a dilution of the anal yzed 

value. On the other, hand the absence of such accessory minerals in the heavy 

mineral fraction may result in an enhancement of tin or tungsten values to the 

point where false anomalies may seem indicated. The procedure described above 

eliminates the misleading factor introduced by the presence or absence of 

non-ore heavy minerals. 

These corrected values (R) of tin and tungsten in a standa rdized volume of 

alluvial gravel should not be t aken as a measure of placer grade since 

recovery ( R) is based on an analy tical determinat ion by semi-quantitative 

technique. Furthermore, absolute values of strongly anomalous samples c a nnot 

be determined since analy ses as reported in a ppendix A are limited by a n upper 

detection level of 10,000 ppm. 
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EVALUATION OF TIN AND TUNGSTEN 

The calculated recovered elemental weights of tin and tungsten were 

determined as previously described. Data reduction followed by a visual scan 

of the value range groupings indicated that the upper 6.2% and 3.9% of the 

total number of values (R) of tin and tungsten, respectively, could be 

considered strongly anomalous ( > 20 mg/pan). Furthermore, the next highest 

percentages, 8.5% and 5.4%, of the total values (R) for tin and tungsten, were 

arbitrarily designated as weakly anomalous ( ~ 4 and <20 mg/pan). 

Table 1. Anomalous values of tin and tungsten 

Weakly anomalous 
~ 4 & < 20/mg/ pan 

Strongly anomalous 
>20 mg/pan 

Value range (mg/pan) 

Number of samples 

Map symbol 
tin tungsten 

o 

o 

tin 

8.5 

6.2 

NOTE: Anomalous values shown on figure 3. 

6 

% of total 
tungsten tin 

5.4 

3.9 

0-265 

514 

tungs ten 

0-175 

514 



Arpenrlix A. - Semi-'luantitative analyses of panned concentrates 

~~a p F1P.lri 1,lt.[ 9-) of nrt1cal Rmission spectrographic analyses (ppm) {,It. -(iilfl'-of 
n (). no. recove reri recovered 1 

non-rna<]nptic e 1 ell1en t (R) 
+~.R'1 sp. gr. 
concentrate Aq R Ra r.u La Nh(Cb) Ph Sn W Zn Sn \~ 

1 KA l?nq? ~n . 1 7 SO ~I ?O 70n N N ?no ~I l,nnn J1 • 1 N 
? KA l?nqn In.1t ? 70 N 1n ::l,nOn N N N N N N N 
::l K/\ l?nRR 1.11 7 1 so l,OOn 1 no 70n N 100 N N N N N 
4 PR 1(11fi 4 11..0tl ~l 20n ?no sn son SO 10 20 N N o. 1 N 
S KA 1?OQ4 1 q • I) 7 20n N I)n snn N N 15n N 1 , (lno ?01 N 
!) KA Q78fi I) N ::l0 ~I 7 N N ---- N N r ~ N N 
7 KA CJ7R7 ltl 5n 1 so G 7n N N ---- N N ?n N N 
R KA q7R4 2 1 I) JOn ~I N G N N N tI 2,nnn N N 

'-l 

q KA 9781 2 30 1 ,500 N N S,onn N N N N N N N 
1 n KA QQ?l n 1 n lnn N 100 ~I ~I 200 N N N N N 
11 KA <)78n 2? 7 200 N 100 N N N N N 2,non N N 
12 KA q()I)S ?o.n 10 lsn N 70 1,onn N N 500 N ],nnn In N 
13 KA qnnl q 20 70n N 11)n N N N N N 1,sno N N 
1 4 RZ 1 nn(1 1.73 N 1 ,noo 2no 11)0 2n 20 20 N N N N N 
1'1 RZ lnn4 2.'11 N snn son lS0 2n ?o 10 N N N N N 
In RZ 1 Slnl ?n.21 N 2nn lno 5n lno ?o N N 100 7no N .2n 
17 Rl 11)::l01 11 .3? N son 2nn Sf) lnn 2n N N N 2,ono N N 
1 R RZ 1 Slnl) 1'1.'1(1 N 2nn lsn sn 5n ?n N N 1)0 snn N .7n 
10 Rl lS?qq 2n.?fi N 20n 70 I)n ?n N N N N 2,.onn ~t N 
2n RZ 1 nn!) 1.fiCJ 1)0 lsn lno 100 3no 30 50 10 100 N .0.., .]7 
21 RZ 1n ?ln 4.110 N 2no 3nn ]n 5n 2n lnn N N N N N 
n RZ 1 nnn fi.1\ 7 N ::lnn ?nn 3n 2n N N N N lnn II N 
n R Z 10777 l).n4 N 1 so lnn lno 200 ln N 10 200 '100 .(1) 1. 01 
74 KA <)n4? ?l In 70 1 ,nnn 1)0 N N I)no N Il S,noo II N 
2'1 KA CJn ?? lit 2n 7nn ~I snn N N N N N ~,nnn tI N 
?fi K/\ 0nlR 7 so 7n N 1'10 N ~I N snn 7,nnn son ].1) ..,q 
?7 K/\ qR/ln ?I) I)n 2nn N ?on N N 1 ,500 2,Onf) 7,00n 7,ono ,)n 171) 
?R R? 1 r;nnf) i ? • 1 r, ~I I)n lno 3r. 3no 5n 20 lno N ~I n.n? N 

-

See footnotes at pnrl of appenrlix A. 



Arr~nrlix A - Continurrl 

Mil P Firlrl l-Jt • ( I"J) 0 f Orticill pm i ssion s[)rctrographic analyses -(pprny l·!t. (111'1) or---
no. no. recl)verect recovered 

non-mil!Jnetic 
+?RS sr. '1r. 

e 1 eille n t (R ) 1 

concentrrtte Ag R Ra (u I.a Nb(r.h) Ph Sn W Zn Sn W 
~q RZ 1 snH R.2R N 200 3nn so SO N 100 N N 2,000 N N 

00 

10 RZ lsnn'l S.10 1 lS0 so n 1 no 100 N lnn N N 1,onn N N 
11 fn 1 so 10 11 .31 N 200 300 so so N N N N ? ,nnn ~l N 
3? KJ\ c)R?n 41 10 200 n 20n N N tl 20 20n 3,nnn n.M R.? 
33 KA QR24 7 7 70 ~I 1 SO N N - --- lS0 ?,OOO ~I 1. ns ltl.n 
1'l HZ 1 Sn?n 1. 1 7 N ?n 1nn lSI") 100 100 lnn sn G H n. 111 31.7 
Vi RZ 1 snn 1.37 N sn 1nn 20n 2no lnn sn 3n lon N n.nll n.14 
111 HZ lS?qn 14.1fi N ?on sn 1nn 3nn 30 3n so sno tv n.7 7.nR 
37 RZ 1 S?R7 R.38 N 1 nn sn 7n 20n 20 N N sn N N n. t1? 
3R HZ llQ1C) Sl.fin N lnn 2nn sn lnn N 10 N sn 1 , SOO N 2.6R 1q HZ 11 qlR 7.7n N snn 1 nn lsn sn 2n In sn 10n N n.3C) n.7R 
4n HZ l?lSl 11l. P. Q N ?nn lnn 7n 2n N N N sn 70n N n.74 
41 ' HZ 1210S 21.'1 N 1 nn 3nn 1 nn sn N 10 snn N 7nn In.7S N 42 HZ l?nnS 10.1t N 1no ?On lsn N N lO N 1 , nnn N ~l lCJ.It' 41 HZ 1177q 9.3 N 30n :wn 7n N ~, 10 N N 20n N tI 44 HZ 11777 ?n.Q N lnn lnn 50 N In tl N 300 N N f). 27 
IlS HZ l1C)nl 2S.2 N 1 ,nnn 1 nn lnn sn 2n N N lnn N ' N ?I)2 
Illl HZ 11Rc)c) ~.3n N lnn ?on lsn 1,000 2nn 2n ?no ~l n 1.nf) N 
47 HZ 11 g70 3S.7 ~J lon 3nn sn sn N N N 2nn 1 , son N 7.14 
IlR HZ 110R1 ?? . I) N 1nn son 100 lon N so N rJ 1 ,500 N N 4<) HZ 11CJR3 21 .10 N 1no 300 30 so ~I ' 10 N N 1,nnn N N 
so HZ 110RS 'l.n N 2no son 3n 1)0 N ?n N N 20n N N 
Sl H 7 119R8 34.Rn N son 2no 1 no 10n so In 200 1 nnn ?()nn f). Of) 31t.R 
S2 HZ llC)21) ?It . 1 N snn JOO 7n so N In N N 700 N N 
S3 HZ l1C)71 17. I N 30n 1 nn 30 N N ~, N 50n 7nn N R.HS I) It HZ 11gnlt lit .q N ?nn l(ln 7n 20 20 10 N tI ~I N N 
Sl) H7 11QS1 1\3.9 N ?OO 300 1 ~.r1 ~, N N ~I N ~I ~l N Sf) HZ 11 C)S3 17 • 7 t\ ! ,. 1 ,onn 1 nn lnn snn 50 1 n 1 S lon t·, n.n3 1.77 

See footnotes at rnct of nrrendix A. 



S P.~l i - C] II il nt it a t i v p. (I n a ly s e S 0 f pan ned co n c e n t r il t e s - r. on tin II e d 

Milp Fielrl Ht.(q) of Ortic(ll pmissiotl s[w ctroqraphic analyses (ppm) . Wt. (11\<)) of -

no. nn. recnvp.rerl recovered 
non-ill iHlnet i c element (R)l 
+2.8'1 sp. gr. 
cnnr.ent rilt.e fig R Ra eu Lil Nh(r.b) Pb Sn W 7n Sn W 

S7 . HZ 11'1'17 18.1 N 70n SO 1 nn ?nn 70 N 10 2no N n. ? 1.7 
'18 H711QI)C) ll.n N 100 5n lc;n 5no 70 In 10 lnO N n.13 1..1 C;q HZ 11 qRl 33.fi N 2nO 50 50 I?n N 10 In 20n N n.31t n.7? 
f1n HZ 1 ?n43 :n .It N ~n 1nn 1 nn ?no ?n N N N N N N 
fil HZ 11?nlt 1 ?R.f1 N 2n 1 no 100 son 3n 10 N N N N N 
f1? HZ 12n30 2n.7 N lnn lon 70 lnn 20 N N N N N N 
fi1 HZ 11 qq4 38.4 ~I 3n 200 lS0 1,00n 70 20 20 N N 0.77 N 
R4 HZ llqqc; f13.11- N ?O 1 nn ?on 1 ,500 100 10 N N N N N 
fi5 HZ 1201~ 7.15 N 50 100 1 no 1,onn 200 . 50 50 N N n. 1f1 N 
fifi HZ 11qq8 ?n.3 N 5nn 3nn 50 100 20 10 N N 500 N N 

\0 

fl7 HZ 12nSf) 1~.~ N son 1 nn 10n 1 ,nnn 5n N N 50 ~I N 0.7A 
fiR HZ 111)31 11.1n N 2nn 500 5n '11) N 20 N N .1 , non N N 
f)9 HZ 1l?n18 7.1 n N 20 1 nn 1 nn 3nn 7n '10 20 N N O. H N 
70 HZ 12n?n 11.nn N 71) 30n 15n 3nn lnn 50 30 50 N 0.33 n.55 
71 1·17. 11 93S ?3 N 50 5n 1 nn 500 1 no 20 5n N ~j n. 1 ? N 
72 HZ 1 ?n?2 n.s ~I 2nn ?on lnn snn 100 3n 2n N N n. n N 
71 HZ 12032 11.0 N - 1,000 20n 100 100 2n ~n N N 7nn N N 
74 H7 l1Q38 2R.4 N 2nn 10n sn lOn N 10 N N 5,nno N N 
75 HZ 1?n3S 17 .11 N 15n 10n 10n 1)00 10n . I? 0 10 N N 0.17 N 
7F, HZ l?nso 3.Q ~I 100 c;nn 20n 100 N 30 N N ?no N N 
77 HZ 1 ?n5? 3.11 N ?on 7nn ?OO 1 , '1 no N 10 N N ~I N ~I 
78 HZ 11 Rlln n.ltn tJ '100 lon lnn sno 200 1'10 100 N N n.nlt N 
7q HZ 111111-11- n.7n I'j 70n lnn If\l c;no 5no lSO 50 lon ~I n.ol n.o7 
80 H7 11838 5.P. N lS0 lno lnO soo ?OO 100 sn l,nnn ~I n.?q S.R 
81 H7 117F,1) 3.n N ?on ?on l r1n son 100 1 sn sn I),nnn tl n. 11) 11). 
81' HZ 11878 ? nn ~l snn l nn 1 (' '" 50n 2no 10n 50 10,000 N O. In 20 
81 HZ 117'1R 11 • • (\ I) ?nn 7n 1 no snn 20n 1'10 so '1,000 N o.n n 
A 11- HZ 117118 nne I' 1 ~ 1 sn fnn ?nn 100 3n 5n ?o lnn c;nn 1.2n n.n2 

-- - - -

See fontnotes at end of ilprendi x A. 
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Mi'lp Fielrl Wt.(q) of 
no. no. rp.c ov f~ r ed 

non-lnilCjn et ic 
+?8S sp. Cfr. 
concentratfl /\Cj 

RS HZ 11Rf)R s.]n N 
8fi H7 117f)2 n.sn 10 
87 HZ 11R13 S.lS N 
RR H711RRS 'il.nn N 
Rq HZ 117fi7 17. n N 
fln HZ 11 RS!) ?II. N 
q1 HZ 11 RSR 2.70 N 
9? HZ 1 S':;l\.l 2n.lI.n N 
9] HZ l S!)tln H. 1 S N 
C)4 K/\ QC}?7 h In 
9S PR 1?fi74 ?ll N 
qf) PH 1 ?f17F. n.ln N 
C)7 K/\ C)C)3n 4 N 
ql1 PH 1 ?fi78 41\..nQ N 
qq K/\ C}714 II? ?n 

lnn KA q7l1) q 1 n 
1 n1 PR 12!)l1n f).f)3 N 
In? PR 1?1111? 1. ?R N 
101 KA CJ7l? 1n 10 
1 nl\. KA CJ7ln 17 1 S 
lOS PR 12fil11\. :n .R? N 
1 n (i KA 97?f1 4 1 S 
1n7 PR 1'17811 3 .11.4 N 
1 M~ PR 1 f)?I\.f) 11..1\. C) N 
1 nf) PR 1!)?l1 11 . 3n N 
110 PR 1 fi?()7 n.ln N 
11 1 K/\ f)7?fi R 1 c:; 

112 PR 1 fi1 fil n.lI.fi tl 
111 KA 1nHIIR ?fi.lI.fi 7 
1111 K/\ 1 nRt1F. . I').SIl 7 

See footnotes ot en~ of i'lrrenrlix /\. 

/\rrenrli x A - C:ont i nlJerl 

Optical emission spectro9raphic analyses Tppm) 1.Jt. ( III Q) 0 f 
recovered 1 
element (R) 

R Ra r.u La Nb(r.h) Ph Sn W 7n Sn 14 
70n son JOO ?nn 20 30 N N 20n N N 
7nn sno l,non lon 20 100 N tl 2nn N N 
1 on 10n lon sno 20n lon lon 2no N O.Sl 1.07 jno 1nn 7n ?nn sn In N N 1 , nnn N N 
lsn snn lon 10n ?n 20 N N 7nn N ~, 

3no ?on 7n 20n 3n 1nn N N sno N N 
20n 2nn 1 sn 1 , son so lon so N 2nn n.ll\. N 

sn ?nn 1 so 3nn ?O N ?n lnn N n •. 11 2.04 
100 10n 3n snn 7() N so lOn 31) n n • 71 1.4? 

1,nnn r~ 7n 2,nnn t" 700 N N l,nnn N N 
?nn snn lnn 1 ,non 2n 5n ~I N ~I N N 
(n n 1 , nnn 11)n 1 , nno 20 3n N N N N N 

1 , son N 1(1) s,nnn N N N N N N N 
3nn lnn 3n 5nn 1nn N N N 1 , snn ~J tl . 

2,nnn ~I 1 nn N N N N 2,nno 2,nnn N 114 
lnn N lnn N N N sn N snn n.1\.5 ~I 
7n 1 nn 1 nn snn 200 10 1n N N n.n7 N 

?on jnn 1nn snn ?nn ln 50 20n ~I n.nfi O.2n · 
snn 1'1 7n N N N 2 nn N 1,nnn ? N 
lnn N 7n ?,nnn N N 15n N ~! 2.SS N 1nn jno lnn sno 1 sn 10 10 tI ~I n •. 11\. N 
7nn N 7n s()n N N lsn N snn O.nn tI son ?nn 3n 3no 7n 10 1 nn N N n .ltl N 7n 5n 5n ?nn 2n 10 10 N N n.ns N 

7n 1nn lon ?nn ?n N N N ~I tl ~I 
?nn s" S'l 2n n ?n N 2n N N n. 'l4 tl 
7nn N FiO son N N 30n N 1 ,nnn 2.11 N 
10n 300 sn 20n 10n sn sn tl N n.n2 ~I 7n tl 3n j,nnn N N 1,nnn ~I Jnn 2n.llfi N 
3n N jn N N N 7,onn N 7nn 41).78 N 
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SefTli-C]tlantitativ~ iln ,'llyses of panned concentrates - !.ontinllec1 

Map F1Alrl I,/t . ( CJ ) () f Ortical Pillission spectrographic ilnalyses(prm) 
11 (). no. recovererl · 

nOn-fTl ;H~ niltic 

+?RS 5r. gr. 
concentr(lte fl.9 R Ra r.u La Nb(Cb) Ph Sn W 

11 ~ KfI. C)724 1/1 10 30n N 2nn 2,nnn 3,nnn 1,nOn 2,nno 3,00n 
llfi flR lfi ?l1 /~ 1.44 N lnn sn 7n son 3n 20 700 n 
117 KfI. gLHih ?? /In 1,non N so 200 N 100 7,000 N 
118 r>H lSRI) R 1.1? N so 70' sn snn so 20 70 tl 
llC) PR lhlnR 1 N 20n lon 7n son 70 3n so N 
1 ?O KJ\ 11?7 '1 ;>S.n 7 :In N 30 N N N N N 
121 KA 11nq 4F, .7 3 1 , snn N 10 N N N 1 ,000 N 
1?? PR 1 ?h7:l C).nn N ;>nn 10n ?no snn 20 10 1, nnn ?nn 
In PR 1 fil F,fi 34.49 N 5n 10n 150 lOn N In s,ooo N 
124 PH 1 '>11% fl .!) ? N (lnn (lnn 100 2nn so 10 S,ooo N 
1;>'1 PR 1 Sfififi ~ .44 N 10n ron sn 2no so 10 70 N 
1 ?fi Kl\ 1? 1 ? 1 77.77 1 S lnn N lno N N N N 2,noo 
In KJ\ C)F,S7 ?R .S 1 5 300 N lS0 N N 150 1 5n N 
1 ?R PH H;lS'> 11 . 97 N ?n 100 I n N N ~I N N 
1 ?C) PR lSQSn 7.04 N 10n ?n 1 no lsn 20 N 300 ~I 
no PH 1 Fion3 In.JO tl 10 so lnn so N N N N 
Dl PR lFiOOS 14.87 N If)() 10n 1 00 200 20 10 300 N 
112 PR lSI)S? 7.fiC) N ?OO ?nn ?o n ?nn ;>0 so 200 N 
D3 PR 1 nong 1. ()S N JO sno ?OO i)0 N 100 10 N 
134 PH lhl S3 ?lg N 70 ?O O 1'10 10n 20 20 10 N 
DS PR 1 hnn7 tl.7R N 300 300 100 '100 so 10 30 N 
13fi PH 1 Sc)S4 I '1 .77 N 1 so 7n lno N N 1 S tJ tJ ! 
117 Pli 1 SgR7 i 1 ? • R 1 N 1 00 lnn sn '10 N 10 so tJ 
DR PR 1 SI)C)n I S. 1 '1 N sno 2nn 7() ;> n 20 10 N ~I 
Dq PR l ()nn0. i 7./I ? N 1 , '1 nn 2nn 7n so N so N N 
1 4n pn lfi?nl i h.nl N son ~nn 1- " 3nn 10 . ?n N N I ) , ' 

I 

141 PR If)lC)C) 1 n . ?F, N 'in ?on sn 700 lOn 10 20 N 
111.? PH IF,nl7 s .n s N son ?rin 1110 ?,nno 1 no so 10 lno 
ltl1 PR IF,nl'i : . ?? N 7nn ?nn so son 70 10 2n N 

SeR fontnntRS ~t end nf aprendix fl.. 

r.rr:-(iTlClJO f 
recovered 1 
element (R) 

Zn Sn W 
~l ;>4 1fi 
N ;>.41 tJ . 

1 ,nno lS4 N 
N n.n N 
t·, O.ns N 
300 t~ N 
sno 4fi.7 N 
N q LA 
N 17?4'1 N 
N 44.n N 
~I 0.24 ~I 
lOO N lSS./)4 
500 . 4.?Q N 
N N tI 
N 2.1? N 
N N N 
N 4.4F, N 
N 1. '1 It N 
N O.O? N 
N n.n? N 
N O. 14 N 
N N N 
tJ 0.1)4 N 
N N N 
N N N 
N N N · 
N n.?0 N 
N n.os n.51 
N ~I ~I 



f-' 
N 

MaD Fielc1 ~!t.. ( (l) () f 
recovered 

I non-ma fJ net ic 
+2. 8'1 s r. gr. 
con CAn t ra t e Aq 

1411 PR 1n 1 g 7 f) • Ffl N 
1 4S PR Hnlf) tt.L1.1i N 
14h PR 1 f)?01 D .Ii? N 
111. 7 DR 1 f)?OS R. Rq N 
148 PR 1 f)021 fi . 8<1 N 
1 4 C) KA q7?1 1i .0 7 
lS0 KA q71 q 3.g 15 
1 S 1 KA C)717 111, • 3 10 
152 PR HOD 11 • n7 N 
15J PR 1 fi 1 05 3 . fl () N 
154 rR 11)1q l R. 3 ~ N 
155 DR Hin ll In.!)? N 
1 Sf) HZ 15fiOR 1 n. Of) N 
1 I) 7 PR 15708 1 Fi. OR ~I 

lS8 HZ 118 21 1 9. Fi N 
Pig rl1 12(nO tt.IIS N 
lfiO HZ 11817 7.7 N 
1 Fi 1 HZ 1178R 1 Fi • ? N 
11)2 HZ 1(171) 17. 111 N 
1Fi3 HZ l1 Rl l 113.1 N 
1M HZ 11 ~n n :n . 2 N 
lFiS HZ 1 l R?~ 35 .1 N 
llif) HZ 11 82Fi 1 Ii . 2 N 
1 fi 7 HZ 1 nzsl 4.ttl N 
1 fiR HZ 11Rnl tt .7 N 
1 f' 0 H7 102nR It . n N 
17n HZ 117 0? S. 3 N 
171 PR 15Rnl '1 .1)1 N 
17 ? pro 11)7Qfi 1 • fi 11, 1 

SeA footnotes at end of arrendix A. 

R 
700 
150 
150 
1'10 
500 

70 
700 

1 ,500 
500 
3nn 
son 
son 

1 ,000 
i)00 

1,00n 
1,ono 
3,000 

')no 
700 
7nn 
?on 
30n 
'10 0 
sno 
700 
I)no 

?,non 
1,500 
3,ono 

Appendix A - Continued 

Or t i ca 1 emi s s ion spect ro qrarhi c analyses 1" ppm) 1,lt. ( I1H1) () f 
recovet~ed 1 
e 1 eillen t (R) . 

Ril Cll La Nh(Ch) Pb Sn H Zn Sn ' W 
200 30 100 50 N 20 N N 0.1 ? N 
100 5n son ]0 20 20 N N n.nq N 

70 70 1 ,000 30 15 20 50 ~I o.?? O.fiR 
200 50 1 ,000 50 30 If\ N N o.?? N 
:WO 30 :wo 70 10 10 N N 0.n7 N 
N S ~I N N 100 N ~I 0.1)0 tl 
N 70 N N N 100 N 200 O.lq N 
~I 70 1 ,500 ~I 150 N N ?f)0 N N 
200 100 SOO 50 20 10 N ~I O. 1 1 N 
?OO sn 200 50 10 N N 1,ono N N 
50 10 200 lOn N 20 N N o. 1 7 N 

100 lno 100 20 N N N N N N 
100 70 son 100 N 30 so tl 0.10 0.1)0 
200 70 1 , nnn 50 2n SO N N O.RO N 
20n 100 200 In N N N N ~I N 
lno 100 ')00 7n N N 100 f'I N 0.1\5 
SOO 150 100 100 70 50 SO N 0.3C) 0.1<) 
700 . 150 10n 20 10 100 N rl 1. o? N 
500 70 300 sn N 10 N tJ n.1 7 N 
1 nrl ')0 sn ?O N 70 50 N 7.0 2 S.hfi 
100 100 200 20 20 N N N N N 
?on 1'10 200 20 30 N N N N N 
lOn 100 300 20 20 N N N ~I N 

70 lon 700 20 1 '1 30 N N O. 11 N 
?OO 10n 200 20 20 N N ~! ~I ~I 

lOa ,nn soo 20 11) l,ono 5n t1 ltt.1Q . n.?4 
20n lSn 200 ?n 2n snn N tl 2.1)') N 
son 7n 50n lno 10 2,oon 10n N 11.n2 0.5') 
100 sn 700 1 no 1 s 3,00n N ~I 11.C)? N 



~ 
LV 

Spmi-C]lIantiti'lt ive nnalyses of panneri concp.ntrntps - Contin!J(~rl 

t"il p F; plrl \.It .('1) of nr ti cill emission spectrographic analyses (ppm) 
no. no. rpcovered 

nOn-!11{)f] nrt: i c 
+?RS sp. gr. 
concrntrate I\CJ R R(l Cu L(l Nb(r.h) Pb Sn 

171 PR lS7c)4 1. 2n N ?,nnO 10n 10n 50n 100 20 150 
174 PR 11)sn1 n.?7 N 1,nnO 200 lOn ~I 100 50 2,000 
17S PR lSSn3 1.R7 N ?,non sn 70 1,nnO 50 20 3,00n 
17fi PRv1S7C)? n.? N s,nnn 3nn sn son 7n 20 lsn 
177 PR 1 ?Q?l 1. 1'1 ~J 1 , son 2nn lnn 5nn 2nn 2n 2nn 
17A KA f)713 ? 1") 7 700 t-I lS0 3,nnn N lS0 N 
17Q KA qnl S.LI. 15 1 ,nnn N . . ?nn N N 7nn N 
lAn KA ln9?R 1t.C) 1n 1 , snn 1 , nnn lnn 10,nnn N N N 
1 A 1 PR 1filqn 1.11) N l,ono lnn 3n 5n N N ~I 
lA? PH In]<)1\ 17.111 ~I ?,nnn lnn H)n N lnn 20 10, noo 
1 A3 I< 1\ 1 ne)ll· 1 Il.S N ---- G sn s,nnn N N 7,onn 
lRIl PR 1 n]f)7 1 n. 7? N S,nnn lOn 11)n N ?nn 2n In ,nnn 
lAS PR lfinfin lS.of) N snn sn lsn 10n 30 N lsn 
1 RI) KA 1 nern S.R ?O -- -- N (on 1 n, n on tl lnn G 
1 R7 KA lnQ3fi 2. I)S 7 ---- ;:> ,nnn lsn s,nnn 7no N 1 ,onn 
lRR f(l\ 1 n<)] 8 3.1t ? 1 ,snn ~I lsn N N N N 
lAC) PhvlSS1C) 1.08 N 3,nnn soo 50 N 3n 10 70 
1 Qn PRvlSS17 1. 32 N 1 , nnn 1nn lnn 1 ,nnn lon 10n 2nn 
1 Q 1 PRvl1)sn7 n. Qfi 1 , snn snn 1 nn N 1 nn 7n 200 
lQ? PRvlc;c;nC) 1. Stl- N 7nn lsn sn snn 7n 1 0 sn 
lq3 PRv1 SS11 1 .77 ~I 7nn 5nn 2nn 1,nnn 100 1 nn sn 
1 qll PRvl")Sl] loll ? N snn snn 1nn N lnn lOn s,nnn 
1 q S PRvPi")15 1.tl-2 N ?nn ]nn 3nn N N lOn 200 
1% PRvlS")")7 1. I)R N 1 , I) nn snn lS0 1 , nnn 2n lnn 1 ,onn 
lq7 PR llnno R.7fi N 1 , snn 10n 1 nn N N 1n 2n 
1 c)A KA C)C)fi"'. 1.?R 11) -- -- ~I 11)n 7,nnn ~J 7nn G 1 qq PR ll1t1,Lt 1. () I) N 3,nnn (Ion 1 nn N 3no 10n 10n 
2 nn PI~ llltlfi 1 • t1. C) N S,nnn lOn sn 1 , nnn lnn 30 20n 
?nl PR 1111'.8 1. nfi ~I ?,nno 2nn lon ?.nnn 2no 50 5,nno 

Spe footnotes at pnn of i'lrppnriix A. 

In. (11l~) of 
recovet'ed 1 
~lelllent (R) 

t4 Zn Sn W 
N N n. 18 ~-I-

N ~I n.'\4 N 
lOn N '1.1)1 /1. 1 q 
~I N n!()l N 
N N n. ?l N 
N N N N 
N tl N N 
N N N N 
N t~ N N 
N N 174. 1 N 
~I snn 11.'1 N 
N N 1n7.2 N 
N N 2.11) ~l 

N 1,nnn S[\ N 
N N 2.SS N 
N ~I t~ ~I 

N N n. 14 N 
50 N n.loll f).nll 

N N n. 1 C) N 
lno N n.nR n. 1 I) 
1 nn ~! n.nf) n. 1 7 
~I . N 7 • 1 N 
N . N n. ?R tl 
N ?nn 1.5R N 
N N n. 1 7 N 
G N 3?H 32. Fr 
200 N n.17 n .1'; 

5n N n.2S n.n7 
snn N '1.3 0.'1) 



f-' 
+--

Arrendix .A - Conti nued 

t~a r Fielrl Ht. ( g) 0 f Orti c(Jl ernission srectrogrnrhic anillyses (rpm) l.Jt. -(II1C) , of 
no. no. rec()vrrerl recovered 1 

n()n-'nilClnf~t i c element (R) 
+~.I1S sr. gr. 
con cent riltr Aq R Ra Cu La Nh(r.h) Ph Sn 14 7n Sn H 

?O? pRTn IA? rl . i11l N 2,ono 100 SO S,onn lsn 70 200 70 tl 0.17 n. nl 
?nl PR lnlR1 n. 11.11. N l,nnn 10n sn s,nnn lSO sn sn sn ~I n. n? n.o ; 
?n4 PR ln1 Rn 1.20 N ?,onn sn lnn s,nnn 2nn 70 lno 2no r~ n.ll n. f)1 
?n I:) p r~ 1 n 1 79 1. ?4 N ?,nnn ?n lnn r, lsn sn 3,000 snn N 1.72 n.61 
?no PR ln178 n.?4 N 7,00n 2nn 50 2,000 lS0 SO 500 100 N n. 1 ? o. n: 
?n7 PR lnlql 1.Rf) N 5nn ?no 70 snn 1 sn 3n 2,nnn 50 N 7.7R . O. 1 ( 
?nR PR l?filq 1. 111. N ?,nnn 2nn 7n 1 ,nnn 1no 10 so sn N I).nf) . n.nl 
?Oq PR 11 1 I:) 1 1.1f) ~I s,onn 2nn lnn snn 7n 1 n ?no 100 N n ?') n.1 1 • , <-

21n PR 111'13 n.?o N 1 , snn 10n 10n In,nnn 2nn 20 2,000 200 N n.S? n. Of 
? 1 1 PR 1?()11.1 1 • III N ?,nnn 2nn 7n 1 ,onn 100 10 1:)0 50 ~I n.n? O. o~ 
?12 PR 12n34 n.?CJ N '1,000 30 100 In,oon 500 so s,noo 2,ono . tl 1 • 111) n. '11 
?llA R~,1 1 n1 ()Il 1 ? Rl N 1 ,500 sn 70 S,noo ?no ~o G ?,non N 1211 .1 25. fi I 
2LlR RM 101fiC) 7.no N 7,000 10n lno 2 ,00n 15n 20 G 2,000 N 7F,.n 1'1.1; 
214 PR If)17n 5.Sf) N ~J sn 3n 7nn 7n N 50 SO N n.?R 0.2f 
? 1'1 PR l'1qno n.C) N ?no 100 70 70n 70 20 100 N ~I n.nq N 
(Hi P8 101RIl loS N ? ,000 Ion '1n 1 ,ono 150 20 1 ,000 lOr) N 1.'1 O. P 
217 PR ln190 n.n? N 1 n, oon 200 7n In,ooo lno 30 3,oon 100 N 1. Rn n.nf 
?lR PR lnlW) ?ltn ~I 3,nno lnn lnn In,nnn 200 100 G 10, noo N 211. I; 211.n 
nn PR ln~lRt n.'1 N 2,00n so sn 7,ono '100 150 G 2,onn N '1 1 
121 PR 1 n?l qt ?19 ~I 1,00n 1 n sn r, snn lnn r, 1 n, 000 tI n. C) 21.C) n? PR 1 n2?nt 3. 11 N ?,oon N 5n 1 n ,oon 1,000 10n G G N 11.1 31 • 1 ?n PR 1 S 1 4 n t S. 71 N 1 , son so 70 7,nno 5nn lno G r, tl I) 7 • 1 '17.1 
2 ?11 PR 101ns n . 15 N 5,000 Jnn 1 nn 1 n, 000 1,onn so G r, N loS loS 
? ?S PR lSR71 n.S? N ?,nnn ;:>nn l'1n 1 , son lnn . 1 no 1, nnn ?no N n.S2 0. H ?If) PR In?.f)7* 1 . n 1 N l,onn 5n 1nn 1 () , nnn snn 10n r, G N 1 n. 1 In. 1 
??7 PR 1 n?C)s n.lt() ~I S , nnn lnn lnn s,nnn 7nn 20n r, 5,noo N 4.n 2.3 
?2R PR 15Rn4 ?l)C) ~J 2,nnn lno lnn s,nnn lnn sn G 1 ,nnn 2nn ?q.C) ? • q( 
2?C) PR l?CJlln* 1. ?n N 1 , snn 1 n lnn r, snn 3n r, 1 ,nnn N 12.n 1. 2( 

See footnotes nt. end of ~prend;x A. 
Note. - t - nrillinill <;ilmrle vJ"C; composer! of 1 rilnc; of 9rnvel, recovered concentrate presented is 1/3 of nctt/ill totil1. 

* - Oriqinil1 saillple vJ il S composeo of? pdns ()f 9ri:tv(~1, recovered concentriite presented is l/? of rlCtl lc11 t.otill. 



Semi-qlJilntitative analyses of ri'lnneo concentrates - C:ontinllerl 

MilP Fielrl 
no. no. 

\-It. (0) of 
recovp.rerl 

non-nlMlnet i c 
+2.~S sr. gr. 
concentrate 

"""'2--="l-=-O --C:P'""""R'---"-' "="'1 R---h-=-C) 2=-. -4--- ~fJP;-

?31 P~ ln31?' 1.111 
?3? PR ln3nA 1.24 
?33 PR l?hS;,> 1.?1 
234 PR lSR7() n.'>4 
21') PR lnl14 n.n] 
23n PR l?'f)Sn n.41 
?37 PR In?.4A n.?l 
23A PR In?.4h n.nll 
?lg P~ l?r;ss n.?n 
2·~· n 

I-' 241 
~R In?1l1 
PR lS2r;r; 

%73 
go7S 
Qf)7n 
qAf)h 

111 SA 

lJl ?4? K/\ 
?4] KA 
2114 K/\ 
?4S K/\ 
2M) PR 
?Jl7 KA qAr;1t 

PR 1 n?94 
PH 111SC) 
PR lS<)<)11 
PR 1 SqQfi 
PR If)lR<) 
PR lhl A7 
PR ln2sn 

?4A 
?4Q 
2sn 
?" 1 
?S 2 
?S3 
2'14 
? ss rp 
25A PI~ 

2S7 rli 
?SR PR 

1 n?I1-C) 
1,)QC) 2 
lA1AS 
lh17R 

n.llq 
? 1 s 
n.4S 
]. 1 
1.4'1 

n.n 
n.17 
1. 7'1 

1.lln 
n.?4 
1.n7 
5.23 
1. 1 S 
n.ltl 
n.n7 
n. n C) 
n.A 
1. nit 
n.?7 

I\g 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 

~I 

N 
N 
N 
N 
~I 

N 
N 
N 
U 
N 

7 
lS 
1 S 

1 

1 J) 

R 
r;:S-on 

so 
2,000 
s,nnn 
7,nnn 
7,nnn 
1,nnn 
s,nnn 
5,nnn 

?nn 
1 ,nnn 
],nnn 
1 , snn 
1,sno 
1 , snn 
1 , S nn 
],non 
1 , S nn 
3,nnn 
7,nnn 
2,onn 

sn 
lnn 

s,nnn 
In,onn 
1 n, nnn 
2,onn 
s,non 
?,nnn 

See footnotes at enrl of arrenrlix A. 

npticill emission spectrogri'lrhic nnil1yses (ppm) I th. (Iilq)- 0-( 

Ra 
sn 

N 
In 

snn 
snn 
snn 
200 
?nn 
10n 
snn 
lnn 

5n 
~I 

N 
N 
~I 

lnn 
~t 

snn 
snn 
30n 
lnn 
3nn 
lnn 
2nn 
snn 
"in 
7n 

lnn 

Cu La 
]n S Jilin 
30 1 , nnn 

1nn 1 n ,non 
lsn s,onn 
2nn 2,onn 
lno 2,nnn 
10n 1,nnn 
lnn 7,nnn 
lno 2,nnn 
'in 1,son 
sn 1 ,nnn 

lnn S,nnn 
1'1 5,nnn 

(nn N 
150 s,nnn 
11;n 3,nnn 
sn 1 ,nnn 

lsn 3,nno 
200 5nn 
lnn 2,nnn 
1 nn 2no 
1 nn lsn 
lnn 20n 
150 2,nno 
1 so 2, nnn 

Sf) (,nnn 
sn 1 , son 
7n -2,nnn 
7n 1,'inn 

recovered 1 
element (R) 

N h ( C h ) PbS n W Z n S n I~ 
2nn 30 G G N In.~ In.') 

(,nnn lnn r, G N lIt.l 14.1 
7nn 10n G G N 1?4 12.4 

1,nnn 3nn G 5,nno N 1?1 h.n') 
lSn 150 10,OOn 5nn N S.1l n.?7 
2nn 7n 7,nnn 3nn N n.2n n.n1 
2nn 2n lnn 2,nnn N n.nll n.R? 
3nn 150 3,nnO 2,nnn N n.f)!) n.llh 
3nn sn 10n 2nn N N # 
snn ')n 2,onn snnN n.4 n.1 
lon ?n 1 ,nnn lnn rl n.l\q n.os 
lsn - 7n s,nnn 5no N In.7 1) n:.ll 
~, 

r, 
7,nno 

N 
Jnn 
70n 

2n 
snn 

20 
N 
20 

lnn 
300 
2nn 
2nn 
lno 
3nn 

N 7 nn N t! n • l? N 
snn 1,ono GN 1.1 ]1 
3no 2,non 3,nnn N ?.C)n ~.15 
70n ]nn N ~I n.n? N 
2nn 1,5nn 500 N n.sf) n.1Cl 
M s,nnn lon 5nO A.7S n.1A 

2n 2,00n ~I N A.c)? N 
5n 3,nnn 1 ,nnn ~I n.7? n.?'4 

lnn 2nn ~I ~, n.f)l tl 
2n N N N N rl 

1 nn 50 N N n. ns N 
?n 3,non lnn N 1.21 n.nll 

100 G 2,noo N h.7 l.l4 
?n 5,nnn snn - N n.IlS n.n5 
30 2,ono 200 N l.? O.l? 
3n s,non snn N S.? n.S2 

lsn r, In,nnn N ?.7 ?7 



I-' 
(j\ 

Mrlp Field ~It. (fl) 0 f 
no. no. recov e rArl 

non-In ()n net i c 
+?R5 sp. ' gr. 
concentrAte Ag 

? 5<) PR l5c)R R S.q7 N 
?fin PT lSqRS 2. 111 N 
?fil RM RoRfi n.9 N 
?fi? PT lfi17fi n.1R N 
2fil RM Rfi5C) O.Rl N 
2fi4A R~~ At) R C) 1 .S N 
?fit1-R PT 1l)q R3 13. fi S N 
?fil) KA 1 pqn fi.llt 7 
Zfif1 PT Hil72 n. Rl N 
?J17 KA lnRfin ?n .'1,i) 3n 
ZfiR KA 112q2 H.lfi 15 
?fiq 1< /\ ll?RS 1. n 3 7 
27n PT 15qR1 n.21 N 
271 KA 11?Rl 'l .n 7 . 
272 ~/\ 11? R 1 n.33 10 
Z71 :~iv1 11 n? 1 n.C)z N 
n4 RI·' 11 nn3 n.sC) N 
27S RM R71t" n.?? N 
nfi RM R747 1. 3R N 
277 RM AHR n.27 N 
278 RM 11 010 It.nq N 
nCJ 1m 11 (\nf) 3. RIt N 
2AO RM 11 nfifi J . Sq N 
2R 1 Rt~ 1 H~G!) 1 • fI, 1l N 
?R2 Rtvl R7l f) tl.~s r~ 

2Al R~~ 1 n 1 ~. 1 f) . R? N 
?Rtl RM ln~C)7 77 .1',8 N 
?R') Pt-1 1 nl 114 l~ . R ~ ~I 

?R fi RM lonc)7 1. 1 C) N 

Se~ footnot es At 0nri of apr~nrlix A. 

R 
5nn 

2,non 
l,nnn 
l,snn 
Z,oon 

lnn 
snn 
11)n 

10 
1 , son 
1 ,nnn 
1 , son 

200 
3nn 

z,non 
1 , l)nn 
1 ,noo 
1 ,nnn 
1,non 
2,non 

sn 
30 
?n 

snn 
2no 

~)o 

10 
?n 
30 

Appendix ~ - Continued 

nrUcCl1 em is sion spp.ctrographic analyses (ppm) \~t. (Ill!)) of--
recovered 1 
e 1 elllen t (R) . 

' Ril Cu La Nb(Cb) Pb Sn \4 Zn Sn H 
. 10n 7n 100 20 50 2n N ~I n. f? . N 
lnn lnn s,nnn snn snn r, G N n. It 21.4 
1 nn 10n 5,nnn 5nn 100 G 10,000 ' tJ q 0 

50 7n ?,nnn 2nn 5n 3,nnn 200 N 1.ltl n.Of 
lsn 15n 2,000 sno 500 1 () ,000 1,onn N H. 1 O.Rl 

so 7n N snn 2n r, N tl 1S N 
50 150 7,00n zon 15 G 1 ,000 ~ l1fi.S 11.fir 

N 150 3,nnn N 5nn 2,00n N N 1? .f)!~ N 
10n lsn 700 lnn 50 50 N N N N 
N ll)n ~I N 1 ,nnn r, 2,nnn N ? /1Il • fi 5Z.92 
N 15n N N N 7,nnn 7nn N qq.1? C).lr 
N 70 N ~I ::100 2,nno N N 1.?n N 
10n 1 no 1 ,000 so 70 3,00n N N n.n3 ~I 
~l 3,nnn N N 1 ,snn 1 ,nno N n 2 N 
N 30n N N 50n 2,onn N 70n n.nfi N 
?nn 1nn 3nn 7n lsn 2,nno 1 ,oon N 1 • Hit n.9? 
zno 1nn son 7n 3n G 1,non N l).C) n.l)~ 
snn 100 1 , nnn so lno 700 l)n n rJ n. 1 CJ n. 1<1 
zon lnn 1 ,5nn 5nn 1 no 1 n, nno 10,onn N 11.H 1.1. A 
lon lnn 1 ,nnn 70 lsn 30 5n N n.n1 n.nl 

1)11 5 n N N In In,noo N N IlH.CJ 
2n ") N tJ . N N N N tJ N -, 

3nn lsO N 20 15 70 N N 0.25 N 
20n 1 nn 1 , nno 100 ')11 2,nnn 20n N ?IIR 0.2Q 

2() lS0 7nn 50 N 20 N N n.nq N 
:l ll !nn HlO N N N N N N N 
20 lon lsn 50 N In N N 2.31 N 

3no 1nn N 2n In In N ~I f).0J) N 
2n 7n 700 sn 10 30 50 N n.Ol n.ns 



~emi- (J!lr!nti t(ltive rtn a 'yses of panned concentrates - r.ontinueti 

Mil r 
no. 

287 
2SiR 
?Rc) 
20n 
2c)1 
2q2 
293 
2q4 
2C)S 
2C)n 
207 

I-' ? C"JR 
-....J 2C)g 

30n 
1n1 
jn? 
ln3 
lnt1. 
3ns 
3nn 
ln7 
3nR 
3ng 
l1n 
311 
31 ? 
313 
1111 
11 S 

Fieri! 
no. 

RM lnlno 
RM 10n<1R 
RM R731 
Rt~ 1 nn!)? 
RM 10n90 
RM 1nnRR 
RM Rt;34 
R~~ R'131 
RM 8721 
R~~ R7?? 
RM R7?3 
RM 1 nOll 
RM 1 nnRfi 
RM 1nORt1. 
RM 10nR? 
RM 1 nnRl 
RM lln4fi 
RM 1 nn C) 
RM RnC)fi 
Rt~ RFiR 1 
RM R/) 79 
RM Rn 7() 
RM 10l 3C) 
R~~ 1nlns 
RM 1nlln 
RM lnl1 ;> 
Rt~ 1011'1 
RM R773 
RM RllS 

Ht. (9) of 
recov p. re n 

non-m afln p.t ic 
+?RS sr. gr. 
con cent rat e 

? . 13 
2.nl 
n.n/) 
n.n7 
1.% 
n.11.1) 
2.nR 
1. ?n 
n.nC"J 
1.32 
t1..fin 
4.1Q 
n.R1 
n.l7 
n.19 
n.? 
n.3? 
n.1L1 
1.21 
1L.18 
R.<n 
'1.n1 
n. RR 
1. ?11 
0.3 
lo Rt1. 

1n. Rf) 
n.n7 
1 .11l 

. A9 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
~I 

N 
N 
N 
N 
N 
N 
\~ 

'.1 

~ 

N 
N 

See f ootnotes at enn of anpe nrlix A. 

R 
1 ,non 

7nn 
50n 

In 
sn 

70n 
200 

1,nno 
I)on 
20n 
20 

2nn 
1 ,nnn 

t;nn 
1 ,oon 
1 ,nnn 
2,nnn 
1 , nnn 
?,nnn 

?nn 
1)0i") 

1 , O'1n 
snn 

1, nnn 
1 ,I)on 

1n 
1nn 

1, nnn 
snn 

nrt i Cn 1 emf s-s i on s pect rograph i c Clnal yses ( prill) I Ut. (II1(1)of--

Ra 
lnn 
lon 
200 . 

5n 
100 

5n 
100 

5n 
200 
lnn 
3no 
1nn 
1 nn 
lnn 
150 
?no 
3nn 
snn 
lnn 
snn 
lnn 
1nn 
150 
3nn 
10n 
2nn 
3nn 
?nn 
2nn 

ru 
lnn 
so 
50 
50 

lnn 
10n 

50 
lsn 
100 
lsn 
150 
10n 
10n 
1nn 
500 

5n 
lon 
lSO 
100 
1nn 

70 
100 
1 nn 

70 
20n 
1 so 
lon 
lsn 
200 

La 
200 
snn 
?no 
7nn 
7nn 

1 , I) nn 
5nn 

1 ,nno 
200 

1 , nnn 
100 

1 , s nn 
3nn 
3no 

1 ,non 
1 ,onn 
1,00n 
?,nnn 

In,onn 
1nn 

1 ,000 
7,nnn 
1 ,500 
1 ,nnn 
1,nnn 
1 ,I) nn 

10n 
sno 

1 ,oon 

Nb(r.h) 
sn 

lon 
70 
5n 
50 

2nn 
50 

150 
100 

5n 
20 
t;n 

100 
30 

lon 
50 
70 

lsn 
5nn 

2n 
10n 
3no 
2nn 
11)n 
20n 

2n 
N 

I)n 
1nn 

Pb 
10 

N 
10 

N 
10 
10 
10 
2n 
50 

1 nn 
20 
30 
2n 
10 
70 . 

100 
70 

lOn 
100 

50 
30 
so 
10 
2n 
50 
2n 
2n 
3n 

1no 

Sn 
20 

N 
50 
70 

150 
20 
sn 

lnn 
S,ooo 

100 
50 

In,nno 
sn 

2,nnn 
5,000 

30n 
2nn 
r, 
G 

sn 
1,ono 
s,non 

200 
3,nnn 

r, 
lsn 

7n 
7nn 

2,onn 

H 
N 
5n 
N 

50 
50 

1 , nnn 
N 

5n 
lon 
N 
N 
lsn 
son 

2,nnn 
1 ,000 

30n 
10n 

1 ,noo 
S,oon 

50 
1,oon 

snn 
50 
50 

500 
N 
N 
N 

1 ,ono 

Zn 
N 
N 
N 
N 
N 
r~ 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
r-I 

N 
N 

recovered 1 
element (R) 

Sn I~ 

n. n4 N 
NO.1: 

o. n1 N 
n.11.7 n.3 : 
n.2C) n.lr 
n.13 fi.4~ 
n.1 n N 
n.l? O.OE 
0.t1.'1 0.01 
n.13 N 
n.n N 

41.C) n.fi: 
n.nil nAr 
n.7? n.7;: 
n.fl') O.lf 
n.nf) n.of 
n.nfi n.n~ 

4.1 0.41 
1 ? 1 lfi.n~ 

n.72 n.7? 
H.91 H.C) 1 

2R.ns ?n1 
n.1 R n.04 
3.71) o.nn 
1.n n.l~ 
n.?R N 
n.71 N 
n. ()4 N 
?.fiR 1.311 



I-' 
(Xl 

Mn p Fielrl 1,1t. (q) of 
n I). no. recov e rerl 

non-mnCjnetic 
+~.RS sr. gr. 
conc~nt. rnt. e ACJ 

311) RM 87qll 11..1)') N 
317 RM R777 l.fi? N 
318 RM 8751' O.f)7 N 
11q RM AI)7n O. 1'1 N 
320 RM Rfi?? 0.74 N 
31'1 RM 11?38 1.lil N 
322 R t1 101 21 4.0 N 
3n RM 1 n101 O.S3 N 
324 R~11n118 n.f)n N 
32'1 Rt~ 11n1c) n .111 N 
3?f) RM 11228 n.ll-c) N 
327 RM AI)C)l 1. Ql N 
328 Rt~ 8'14'1 1.22 N 
3?C) RM 111'12 1. lit N 
330 RM ~nsn 1 n. 94 N 
111 I~M 8f)fil1. 1'1 .111 N 
132 Rt,1 81nn loS N 
333 RM A31 0 fi.?O N 
331l RM 832n ? 8S ~I 

33'1 Rt~ A7nA 3.47 N 
33f) RM R770 loS 11. N 
317 RM A1?1 8 .7S 20 
338 RM 87LJn 1 q .11l- N 
131) RM lln37 n.7S ~I 

34n RM 1103S 1).44 N 
341 RM 87 84 41).1 0 N 
341' Rt~ R7Rn l).fl7 N 
31ll Rt·1 P, 7Sc) H.n s N 
344 R~l 8788 n.n7 N 

See footnotes at enrl of nrrenrli x A. 

Ii 
5n 
10 

700 
sn 

500 
10n 
lnO 
1 nn 
20n 
7no 
lnn 
son 
20n 

so 
30 
?n 

2no 
lno 
2no 
2no 
15n 
3no 
In 
In 
10 
1'1 
lfl 
?n 

N 

Arp endix A - Continued 

Optical emission sppct.roqraphic analyses (ppm) 

. Ra f:u La Nb(Cb) Ph Sn 
30n 15n lnn N 20 ?O 
1no 10n lno N In N 
200 70 100 2n 20 20n 
2no 10n '100 20 100 7no 
2nO 50 son 150 20 so 
3nn lnn lS0 N 1'0 20 
2no 100 20 N 20 N 
sn n ?no SO 20 70 70 
50n 100 1 ,oon 150 100 1 ,000 
sno lnn 1 , noo SO 3n sn 
3nn lon son so so 50 
snn lno l,noo 2no lOn G 
son 15n 1 ,nnn 30 50 20n 
700 1'10 200 20 70 N 
r, sno 20 N 7n 1no 
300 lno 5n N N 50 
soo 200 1 ,000 20 300 2,000 
3nn son son N 2no G 
500 2nn 2,oon N 10n 5,000 
sn n 3no 3nn 3n lnn 3,onn 
snn 20n 1,nno 20 200 G 
7no 3nn 5nn 2n 3,nnn 1 ,oon 
10n 5n N N N N 
3no 70 N N N N 
30n 15n N t! N 20 
~ nn : ~n N N N In 

1 ,noo in 7n 20 N snn 
1 , snn sn N N In ]n 
5,nnn 1 nn N N N 50 

\<It:. (Illq)of 
recovered 1 
element (R) 

W Zn Sn (.J 

N N n. 1 N 
N N N N 

50 N O. D 0.03 
1no N n. 1 os n.O? 
lnn N O.OIt n.07 
~I N O.n? N 
N N N N 
N N n.OIl N 

sn N n.qn n.os 
N N o.n? N 
N N n.n? N 

5,000 N 1 I) • 1 C).SS 
100 N O.21l n.12 
N N N N 
N . N 1. nf) N 
N N 1. n7 N 
N N 3.n N 
100 N 62.0 0.112 
N N ltl.?S N 
N N In.t'll N. 

50 tl 1 s. 11 o.nR 
N tl R.75 N 
N tl N N 
N N N N 
N N n.11 N 
N N 0.115 ~I 

lon N Il. '13 n.C)l 
5n N O.2fl O.flO 

N N n.30 N 
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Semi-Cjllantitntive analyses of -panned concentrates - Continuerl 

Map F1P.lrl 1;1 t . (~J) 0 f nptlcnl emlSSlon spectrographlc anillysp.') (ppm) 
no. no. recovp. rp.rl 

on-maqnf'tic 
+(.R5 <;[1. gr. 
conc:entriltp. Ag R Ril Cu La Nb(r.h) Pb Sn 

345 Rtv1 TnT 48 R. 7S ~I 2n 5,nnn 1 nn N N N lO 
34fi R~~ ll?n~ ?7 . Hi N In 7nn lnn ~I ~I N N 
347 RM lnlsn n.n') N N lOn sn t-I N N N 
:i4R _ R~1 1 nl nR In. gR ~! (nn 2nn 1 sn 3nn 50 2n 1n,nnn 
34q RM lnln7 n.5 4 N 2,000 500 lsn 1 ,ono 5n 10n 700 
3')n Rt~ H11 nq n.1l7 N :in son lon 20 N 20 30n 
351 Rrv1 ln14S n.07 N ln 1,noo 2no N N 10 50 
352 RM lrtllC) 11 . 11-1 N In (nn lnn N N N 2nn 
353 RM lln2C) 1. ?3 N In S,ooo 1 nn to! 2n 10 N 
3')11. Rt" 11 nn 1 lfi.1t3 N 2n 7,nnn lnn N (n In 20 
355 RM ~nn4 ~1.()( N (0 2,00n 50 so N N 300 
3Sfi ~ ~ l 87() 3 : !l.le) ~I sn 3no lsn ?nn N N ?nn 
357 RM R7n2 3.7S N 2n snn Pin ~I N 10 5n 
3SR RM ln14fi ILfl, 1) ~I In 5nn lsn N ~I In N 
3St) PL In?Vl- 15.03 N lS 7n lsn N N N N 
3 fin PL 11178 4. 17 N (n 1 ,onn 2nn N N 1n N 
3fil P L 111 Rn 4 . ?5 N ?n G 150 N N 1n N 
3fi? PL 1 n7Q3 I1-.S4 N 3nn snn 1 nn lnn N N N 
3fi3 PL 1109n 27. r:., N 5nn 7n lsn N 2n 10 N 
lfit1- PL 111 R8 1. 7 C) N 2n 7nn (nn N N In N 
3fiS PL 1 n7 R? n. ?7 N lsn (,onn 150 100 N 50 N 
3 fi fi PL ln7Rn n. II, C) N (nn 7 ,nno - lnn ?nn N In N 
3fi7 PL ln78fi n.rH _ 7 50 3,nnn (nn 30 N 3n N 
lfiR PL ln7RR n.l? N sn 1 ,nnn 3nn N N ?n N 
3fiQ PL ln7qn n.3S r'.! sn 1 , '1 nn lsn 2n N 20 N 
17n PL 1 nnQ n. 1Q 0, 1 sn lnn Jon N N ]n N I' 

371 PL lnnR n.Rq N 5n ],nnn 3M 2n N 3n N 
372 PL l ?Rr)l 1. lit ~I 7n snn lno lno N In ~I 

373 PL 12R33 n.n4 i ~ 7n 5,n()0 150 2n N 2n N 

See footnotes ~t enrl of nppp.ndix A. 

!.Jt. ( III ~) 0 f--

recovered 1 
element (r.) 

W . Zn Sn I.J 
N t~ n.ne) N 
N ~l ~I N 
N ~I N N 
7nn - t-I 1ncl.R 7 • fi I 
N N n.1R N 
N ~l 1. qll tJ 
N N n.3n N 
tl N 1. fiR N 
N N N N 
N n n. :n N 
t'l N 3.Sg N 
lnn N ( • n·1 lon; 
N H n. 1 C) ~l 

N N N N 
N N tl ~, . 

~I N N N 
N N N N 
N N N N 
N tJ N N 
N N N N 
N N t' tl 
tl _ tI tl ~I 

N N tJ N 
N N N tl 
N N tl N 
n N N ~I 

N 2nn ~, N 
rl N t,1 N 
N N N N 



N 
o 

Mar Fielrl ~Jt • ( (l) (1 f 
no. no. recovp.rp.d 

n(1n-rn afjnpt ic 
+?R'1 SP a qr. 
c()nc~nfrate AC] 

374 PL 1 ?SS2 1. I]H 7 
171) PI. 11n71 1. 117 1n 
37f) PL liS C)f) 1. SR 2 
177 DL l? Rnlt n.1S N 
J7R PL 1285<) n.57 N 
:nq PI. Pore, 77 n.71t N 
3RO PI. 12857 n.24 3n 
381 PL l? p.'1n n. :n N 
3R2 PL 1 ?S71 2. 5fi N 
383 PL 11 nR8 3. ?R N 
3R4 PL 12571 O.I]R 1 
3 RS PL 1 ?Rnfi 11] .lfi N 
311fi PL 1?n3S n.I]H ~I 

lR7 f>L 1 ?R3 7 n.n? lon 
38R PL 85<)7 n.n N 
3Rq PI. RSC)R 1.71 N 
3<)0 PI. 8599 3. 2S N 
3 ql PI. RSRR 4.0fl N 
1q? PL R5Rg 1].7S N 
19lA PI. 1?R47 (J.n7 2nn 
391R PL Rf)nn 13.42 N 
3g4 PL 12R24 1. 51) 1 , noo 
19S PL 12R4q n.77 20 
3% PI 1 ?R2q 1. 21 1 
3q7 PL 12R2R 5. 1 ? 30 
3qR PI _ 1 ?R?fi S.R3 t,1 
V)q PL l?Rtll n.n7 ;1 
tlnn PI. 1 ?Rtrc) n.Rl ~I 

4nl PI. 1 ?R2 n n.?n ?O 

See fnotnotes ~t Rnrl of arpenrlix A. 

11 
inn 
100 
100 
100 
70 

2nn 
150 
lsn 
100 
1)00 
1 50 

50 
lon 
?OO 

2,000 
70 
5n 
2n 
5n 

lnn 
SOO 
?nn 
100 
20n 
300 
zon 
lnn 

7() 
1nn 

Appendix A - rontinuerl 

Ortical emission spectrnqraphicanalyses -[ppm) l.J t. (IiiCjl(1 f 
recovet'ed 1 
e 1 emen t (P) 

Ra ru La Nb(rh) Ph Sn H Zn Sn W 
1,500 200 lSO ~I 3,000 N N 1 , non f..---

N N 
2,nno 11) 0 700 70 300 N 50 (no N 0.07 
1,500 1 00 200 50 1 00 N ?on 30n ~I n.1? 

r, ?OO lon ?n ?O ~l N tl N N ' 
son 2no 200 3n 10n N N 3nn N tJ 

1 , SOO 1 so ::wn 20 70 ~I N 3nn ~I N 
1 ,000 lsn 50n 20 30 N N N r'l N 

son lS0 ?O 0 50 100 N N 2nn N N 
200 lS0 ~! N 10 N N N ~J N 

70 100 N N 10 N N N r~ N 
500 lSO N N 30 tl N ' tl tl , N 
lnn 200 N N 15 N ~I r ~ N tl 

7,O()O 300 300 N 20 20 100 N n.Ol O.OS 
2,onn lsn 20n N 10 1 0 N N ~I N 

100 100 N N 10 N N ' N N N 

so 30 N N 10 N N tl N N 
, 20 so N N 10 N N N ~J N 
, sn 3n N N N N r~ 3nn N N 

50 3n N N N N N S,onn N N 
5nn 30 lno N 1 0 N r, tl N n.7 
30 0 so 1 00 N 7 ,000 N N tl N , N 
I)nn lno 1 ,000 N N N 500 N r~ 0.77 
r, 700 30 2n soo N 500 ?,OOO tl O.lR 
r:,nn 15n 5n 2n so N N 7PO N N 

1,SOO '100 20n N ' 100 N 70 l' ,onn tl O.lfi 
7no 3nn 20 N 1'10 N tJ S[)O N N 

l,nnn 70 5nn 20 20 N N N ~l N 
2,nnn 1no ?IIO N 30 ~I N N ~I N 

lOO 1no 7no N N N 500 N N O. 1 n 
----



N 
I---' 

Semi-quilntitative ,'lnC11yses of ranned concentrates - Continlleci 

Mop Fie l d \. It. ( C]) 0 f Opticil1 emission srectr()~lrophic analyses (ppm) 
no. no. recov e red 

non-mof)netic 
+?.8,) sr. qr. 
cnncentrilte Ag Ii lia Cu La Nb(Cb) Pn Sn 

402 PL 12R22 3. 7 N 5n 300 100 2no N 10 N 
4n1 'PL 1 ?Rl 8 4..S N ' sn soo 70 200 N N N 
404 PL 1281fi n.18 N 100 son 70 100 20 15 2n 
~Ol) PL 1281CJ n.21 ~I 300 300 7n 2n N 20 N 
40fi PL 128 "'·1 O. ?7 N 200 G 1,000 20 20 100 N 
407 PL 1?Rltt 3.?tt ~I 3n 'son ll)n 2n 2() 20 N 
408 PL 12Rln 1 0 • '? 1 N 2n ' '100 200 N N 1'1 N 
ttnq PL 1 ?R1l f). 1 q N 20 ?nn sn N N 10 N 
410 PL 1?771) n.3il N 100 G 1 50 N N 20 N 
tt11 PL l?Rnn n.l)/!, ~I 2nn lon 3n SO 20 2n N 
412 PL 1?711 n.1R N snn G 2,000 soo 30 1 so N 
1111 PL 127Q8 1.2 N '100 2,nnn lnn 30n 2n 10n N 
ttlt1 PL l?7fiCJ n. 21 N son 1,non lS0 200 20 20 N 
415 P L 1?7 f)F, n.nr; ~I 200 300 lnn N 20 2n N 
41r; PL 127911 n.l7 N 2nn 7,onn so 2no N 30 N 
il17 PI , 127R8 O.ttn N 1 , I) nn 3no 100 7nn 20 50 N 
ttlR PL 1 ?792 0. 29 N 300 30n lS0 so N so N 
41q PL 1 ?7CJn l. ?R ~I 3nn snn lc:;n N N so N 
42n PL 1271)'1 n.ns N 5no 300 2nn 500 N 30 N 
It ?1 PL 1 ?Nil A n.R? N 700 3nn lnn 1 , non ~I 200 N 
421 PL 1276111 n. 1? N 1 ,000 300 2() 50n N 30 N 
4. ?? PL 1 ?7fi3 n.72 '1 1 , son soo lS0 200 3n 2n N 
423 PL 12757 o.n ? 10 7no soo lon lsn so 20 N 
,12 4. Pt 1 ?7Rfi n.sl , N 1C:;O 200 ll)n so N so N 
42'1 PL 12782 n. 211 N soo 200 1 Sf) 150 30 70 N 
421l PL 1 ?7RIl. n.21 ~I snn 3nn '; () () 200 2n 2n N 
4?7 liF: 2888 2.0S 30 3n c:;,ooo 100 N N 70 N 
Il28 liF: ?RC) n 1l.IlO 3 so N 50 N N N N 
42q BF: V S 1 fi.S7 3 1 sn N In 1,r;(1n N N N 

See footnotes ~t enrl of a ~r enrli x A. 

wt. (119) 0 f 
recQve)'ed 1 
element (R) 

W ' Zn Sn t~ 

N N N N 

1no ~I ~I 1 • .3 S 
N i·1 N N 
N 1,nOo N N 
100 1 n ,nnn N n.n3 
N N N N 
N N N ~j 

t'l N N N 
n N ~I N 
N ~J N N 
u 30n N N 
rJ N N N 
N , N ~J N 
N N N N 
N N t ~ N 
N ?on N N 
N N ~J N 
tl 2nn N N 
N N N N 
N N N N 
N N N tf 
N ~I N N 
N S,non N N 
N N N N 
N tl ~J N 
N . . N N ~f 

tl N N N , 

N i-l ~! N 
N ~I N N 

- ----- - -- -



N 
N 

t~a r Fl e 1 d Wt. (CJ) of 
no. no. recovered 

non-lll(j(Jn~t i c 
+2.8S sr. gr. 
con cent rnte I\CJ R 

43() RF 22SJ S.ll J lS() 
It 31 RF ?g1'l8 n.ttCl 3 lSn 
432 RF.: 29q2 t1 • lt1 3 3nn 
431 HF ? QC)() 2 . 11) S 2,Onn 
1114 R[ (01)q :~ • (' r1 5 2n 
ItJ5 !IF.: 3nnn In.Q R 3 7n 
430 RE 2R93 In.nl 3 150 
437 RF ?? 5 S In.C)n 1 7n 
4JR RF 2R<)5 S.('C) 3 1 ,500 
ItJg RE nS7 fi.RR s 1 nn 
44n RE 225C) 0.71 5 100 
t11t 1 RF JR3 1. on 10 3nn 
Il42 RE 38{~ 2.97 5 700 
441 RF: 187 n.sC) 3 15n 
444 [3 [ L',n2 n.l l ') snn 
1t45 11'-r. 1 n7 s n J'fl 1 '100 
44{) RF 1122 1. 23 10 2no 
41t7 RE 11 ?R n. 1 fl. 1 n (,nn 
1l4R RE 113n n.os 2 5nn 
4 Itq RF. 11 3 S 1. 1 S 1 0 1 no 
45n RE 11 3{) ? . Hi 10 2no 
1151 RE 11 q3 ?.Rn ln lsn 
452 RE 11 q 1 1t.75 ln 50 
It S 3 I1E 11 RQ 1 L1 • 31 1 1 n 
454 BE 11 RI) 8. 53 10 ?n 
Ill) I) RF 11 811 ") . nC) 10 sn 
ttSn HF 11 R1 3.nl1 1n '1 n 
1\.S7 HI: 1177 '1 . 8 1 n ?n 
tl'1R BF 117C) 7 • P. 1 1 n lsn 

---- --- ---

SP.P. foot notp.s ~t p.nrl of aprenrlix A. 

l\~r)Rnrli x 1\ - r.ont i nllen 

Ortlcnl 1~ ~!IiSS10 11 s:)ectroqr:ipn;c flnalyses (ppm) Ht. (1119) of 
recovered 1 
e 1 emen t (H) . 

Ra C:u La Nh(r.b) Ph Sn W Zn Sn W 
N lnO 1 ,000 n N N N N tl N 

1 , snn lnn til N N N N N N N 
2,nnn 5n N N N N N rI N tl 

1 sn I),nnn ?,nnn N N 5,nnO N 700 11. Rn tl 
N 1 nn N N N N N N N N 
N 10 N N N N N . tl N N 
N 100 N N N N N N tl N 
N 7n 1 ,nnn N N N N ~I N N 

1,noO 5n N N ~I N N N tJ N 
3,nnn lsn 5nn N N N N N N N 

N 1 ,500 tl N 30n N N 1 , snn N N 
1 ,50n 15n N N N N N 7,nOO II N 
1 ,5nn lnn N N N N N 1,Onn II t.l 

N 2n ~I N 50 N N : tl N tl 
1 , son 5n N N N N N ON II N 

N 500 G N 100 100 N tJ o.nl N 
1,00n 5nn Z()() N N N N l,non tl N 
1 ,nnn 2,nnn N N 2nn ?no N 1 , n no n.n3 N 

N 20n 1 n, n0n N N 100 N 10,onn n.n7 II 
N ?nn 3,onn N II 50 N 1, nn!) n.f)n N 
N 5nn N N N N ~I 1,nnn t·l N 
r, 1 ,nnn N ('no N N N 2,nnn r·1 N 
N 50n tl N N tJ n ?,nnn N N 
N r·J N N N N N ?,nnn II N 
N I) lin N N N tl N ?,nnn N n ., 30n N tJ tl N II 1 ,OO!) ~I tJ " 

N '1nn N N rI N N 1,oon N N 
N sno ~ 1 t·1 N N t4 ?,nnn N ~I 
N son tl N . N N ~ ___ N_ _ _ ? ,nnn ~! N 



N 
W 

Sel'li-<ltJantitative analyses of panned concentrates - Continued 

Map Fiplct ~Jt • ( CJ) 0 f Ortical emission spectrographic analyses (ppmy 
no. no. re c nv ere rl 

non-Inaqnet i c 
+2.RS sp. gr. 
cnncpntrate Aq R Ra Cu La Nh(Ch) Pb Sn W 

459 RE 117S S.f)R 10 10 N 200 N N N 300 N 
ilfiO RF 1 nfi/l. 8 . l/l. 2 3n N 3nn N 2M) N N N 
/l.1)1 HE 10G7 O.S()2 1 3nn N lnn N N ~l N N 
41)2 HE 10n o. 1 fI.C) 1 lsn N lSo N N N N N 
4()3 RE 38q 7.S? S 7n N 5n tl N N N N 
41)4 RF ?2fi4 7.f)S S lS0 N 70 N N N N 300 
411S RE illn 4.31) S 30n 1 , son 70 N N N N N 
Lti)fi RF ill? 3./tR S 2nn 2,nnn sn N" tl N N N 
4117 RE il1l1 S 7n 1 ,500 100 N N N N N 
ill1R RE 2141 <1.?1l. 3 lsn r, lnn 2,noo N 7,nnn N N 
<1fiQ RE 2144 n.n 5 lS0 G 2no 1 ,ono N 30n N N 
4 ]rIA RE ? l/l. fi C) Ji") S lsn G lsn 1 ,nnn tl N N N 
/l.70H RE 22 fil) 2.Rf) S lS0 2,non lnn 1 , nnn N 70 N N 
471 RF ??71 n.81 S 3nn N 3nn N N 500 N N 
472 RF: ??7S n.18 S 3nn 1,5nn 1 Sf) tl N 1 sn N N 
1l.73 HF qlll 3.1'1 ?n 3nn r. 3nn tl N 3,nnn tl tl 
1l.74 BE f)n/l. 1. ?fi 7 10n G 3nn N N N N N 
<17") BF /l.?n 1. fi? S lnn G 2nn N rJ 3no N N 
1l71) RE ?14H 1.9n S lS0 1 , snn so 1 ,non N N N N 
<177 RF q nfi n. 7? 1 n 3nn 3,onn 3nn N N 30 s,nnn N 
11.7R liE gn8 :1 • 1 I) In 20n 1 ,son 300 N . N 30 N N 
il7C) HF RS 1 n. 1 p. 7 1 sn tl 300 N N ?nn N N 
Mln BE 014 ?7 10 snn G lS0 N N N N N 
il R 1 RE 22R 1 1 • fI,l 7 2nn s,nnn 1 ,nnn tl N tl N N 
482 RE 2277 1. 03 I) lnn (~ 7nn 1,50() N son tl N 
/l.R3 RF ??R3 ? .F.~ S 3nn s,nnn lsn 1,snn n r'! N N 
IH34 RE glS \).4(, 10 lsn ~,nnn ?nf1 N N N 30n tI 
.1RS I~ r-: t1 ?fI, n. t1 S "In lsn ?,nnn 1 ,nnn ~I N soo N ~l 
48fi RF: f)1f) 1. R1 sn 1 ,oon (' .1 1 , no n G N ' N N 7,non 
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Appendix A - ~ontinued 

r~a p Fi elrl \~t. (q) of Opticill emiss ion spectrographic analyses (ppm) 
no. no. recov ered 

non-fnilCJnetic 
+2.85 sp. gr. 
concentrate I\g B Ra ~1I La Nh(~b) Pb Sn 

487 Rrnrls l .t)n / 150 ( , (fOO 500 1 , oM N 70 N 
tl88 RF CJ?? I) ./I S 7n ' 2nn r, son r~ N ~I N 
489 Rr: 02f) 1.52 5 150 G 1 ,'1nn G ~! 150 N 
tl gn RF 11111 ? l? 1 ?no r, SOO N 2no N 70n 
4CJ1 RE 1?87 8.Ag N 200 (1 500 N N N N 
tlq2 flF 1 ?ql 1\.7? N 3nn 1 , nnn 3nn , N N N N 
4g3 liE 111?t) nA3 N lno 2,noo 200 N N . N 500 
tlql1 RF D?R n.so N lsn N 1 S N N N N 
4c)S I~ E 1] ? S 1. ntl N 70 N 200 N ~j N ~I 

4% fW D1R 1. 1 fi N lS0 N 20 N N N 1no 
4c) 7 RI=: 1313 1 .11 8 N 11)n N 15n N ' N N N 
IlqR III: 1nCl l n.qfi 10 1)0 n t'l . 1 ,noo tl ?nn 1 , nnn I),nnn 
4qq RE 1095 n.Rt1- 10 1 ,onn G 1 ,nnn t-I 200 1 ,000 500 
I) 00 RF lOll n.')') ? 3 on N soo N 2nn 2nn N 
501 BE 1033 ?C)? 1 150 N 20n N tl N N 
SO? RE 1035 n.D ( 2,onn N lOO N 200 500 5,oon 
503 RE 1038 n.S7 5 son 1 ,000 300 N 200 200 1 ,000 
sn4 RF 1 nil 1 O.:ifi 5 1 ,onn S,non lsn 200 20n 5n 5,000 
SOl) RE 1041 A.27 1 20 N 200 N N . N N 
') nfi RF Dnl) n.7n 2 lO,onn N lnr) ~I N 2,noo 5,000 
sn7 RE 12t() 1.'1 2 1 , I) nn f.l 20n N N 5 no 500 
S OR IIF l nn /I. 8R ( sno 1 ,onn 7nn N {Inn 2nn G 
snq RE P2A 1. fiq 1 70n f'I 7no 1 ,000 tl 1'1 500 
51n RE 1?32 n.7fi 2 2,000 N lnn ~I 200 . '. SOO G 
'111 RF 1234 n.7R 2 (,000 l,ono 50n 1 () ,000 500 500 G 
S12 RF 1 nr:; n.llfi 2 s,nnn 11 2nn f'l 5nn 2nn 1 ,0 nn 
513 RF l ? PI n.3l ? 2 ,000 N 200 N soo 1,000 500 
'114 ;~ r: 1 ~ () 1.71 ? 7nn 1 ,nnn lSO tl N tl 1 50 

1 r.alculated recovery (R) of elementl Sn anrl W in originill samrle of alluvial grilvel. 

NnTE. - N Not rletecterl 
r, is (lctuCll v"llle fjre"ter ti1fln 1Jrper rl etect ion limit of In,nnn rrm 
-:.- intiici-lI:es not ana lyzed for dlJe to spectrog raphic interference 
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