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FOil� ifOR D 

i3ACKGROUND AND rtESUL'l'S Or' INVli:STIGATICN 
FOR HON7�CHN1CAL READ�RS 

by 
Jl:arl K. llixon 

The extensive experimental work presented in the accompanying report seemed justified 

for two principal reasons, namely, {1) since this country is dependent on restricted imports 
for our supplies of tin, discovery of a domestic source of supply would be of fGr reQching 
i�portanee in war produ�tion; therefore� every possible means should be em�loyed to find 
domestic deposita, and {2) sta�cments were presented that standard methods of tin analysis 
were not satisfactory for determining the presence of �in in Juniper Rid�a rock, so that it 
seemed imperative that such a possibility, however r e mote , should be investi�atad and if 
possible verified. 

In 1939 this writer# accompanied by local interested �eople, visited the Juciper Ridge 
deposit, took some samples where tin was reported, and sent these to the U. �. Bureau of 
Uines for both spectrographic and chemical determinations. The aureau reported that no tin 
was found in the samples by either of these methods, and the Burunu results were transmitted 
to the owners of the �roperty. 

The Juroau•s analytical results, as well as some verifying results obtained in other 
laboratories, were questioned in various quarters, so that a thorough investiciation seemed 
necessary in order to settle the matter. 

ln July, 1941, Dr. H. c. Harrison, chief chemist and spectroscopist of the Department, 
was ,c;iven the duty of making the investigation. lle was instructed to make the study of 
such scope and in such detail that there could be no question or doubt of the vvrity of the 
final result. 

ln order to oDtain petrologic evidence, Jo�n iliot Allen, sta�f �eologist, studied and 
ma.ppod the 1;eology of the restricted area. His study included petrogral,-'hic analyses of thin 
sections of the rock types. Results of the geologic invest1cation are included in one sec­

tion of this report. Allen also supervised the taking of samples which wore analyzed by 
Dr. Hr.rrison. 

Juniper Rldge rocks are all volcanic and a prominent type is obsidian or volcanic �lass. 

The texture is perlitic, that is, the rock contains round grains. The rock was extruded 
from a volcanic vent and, as is characteristic of such rocks, cooled fairly quickly and 
before distinct crystallization could take pla.oe. Such unaltered rock is fairly common and 
is not known to contain tin in commercial amounts anywhere in the world. 

Zxcepting the placers, commercial tin occurrences in various ?arts of the world in 
most cases are described as "deep seated". That is, the tin minerals are related to rocks 

that were deposited under high temperatures and at c onsiderable depths below the earth's 

surface. Thus if Juniper �1dge rooks carried tin in commercial amounts the occurrence would 
be unique. 

ln his qualitative analytical work, Dr. H�rrison selec te d from fifteen standard reagents 
four reagents �hich are specific for tin and whose reactions are not interfered vith by 

constituents of Juniper Ridge rook. Each Juniper Ridge sample was tested with these four 
reagents. As companion tests, the same reagents were used on each sample to which tin was 

intentionally added. In this way proof of the rell�bility or the reagents for tin detection 

was obtained. In addition, some thirt�-one different methods or techniques were employed 
in teot1ng the samples. Some of these methods are standard; oth.ers were advocated by per­
sons who had some special procedure which had been used by them. 



ln testing w>.rious rcagen·ts, methods, and techniques, a tre.mendous number of indi viauc.l 
t;>t;ts or trials .-ere made. Many of them, of course, were very short and took very little 

tim�. As individual tests became routine in the investigation, the time consumed in making 
th�m was shortenedo 

T�ree standard quantitative che m ical methods were studi ed , As a result of this study 
a cox�ination method was used on each sample obtairled in the field, For verific ation of tho 
reli�bility of the method, as in the qualitative tests, duplicate tests were made on por­

tionr of s�mplos to which a known amount of tin had b e en intentionally added. 

Sampl1s ware also nnalyzed spectrographically. The spectrograph is an optieal-elec­

crl�al inntrument used for determining both qualitatively and quantitatively the presence 
of n lar�a n�mb1r of chemie�l elements. Noet chemical elements have extremely plain "finger 

prints" when t�sted ln the spectrograph. Tin is one of those that can be readi ly detected 

by spectrogre.phic moans, no matter whether the tin occurs as metal or in some chemical com­
oinatian in th• sa�ple, 

In no case did samples, carefully taken �or this investigation and guarded against con• 
�amili�tlon, contain more than normal traces of tin. Such t races were identified best by 
the speatragraph and showed percentages of tin in Juniper Ridge ro ck, not greater than five­
thau�andthe of one percent. It is the co nc lu s ion , then, of this Department that the Juniper 
Hld£1 ro:ka do not contain commercial amounts of tin and that there is no reasonable just1-

fiaation far the expenditure of additional money or effort in trying to make tin deposits 
ou·t of V()lcum.c rc,cks tha.t con·�ain no more tin than dozens of other volcanic rocks occurring 
elsewhere. Traa1s of tin in igneous rocks are quite common, 

Tho Department believes that the investigation was made with all possible thoroughness 

and uith accurate &tt�ntion to detail. The results as given in the report are, we believe, 
dafinlte and final. 

T:Hn''' Is nothing thllt. the Oregon Department of Geology and Mineral Industries would 
rather dc than to �e�anstrate the presence of an important d e posit of t in or any oth er stra­
�egia �lnaral ln the State, b�t in the case of the Juniper Ridge deposit, this seems to be 
clo1r�i impossible. 



ABSl'R.;.CT 

Tin is obtained principally from its oxide, cassiterite. Other minerals contain tin, 
but are of slight importance commercially. 'rraces of tin occur in many igneous rocks. Cas• 

siterite is mined from placers, �nd from veins, pegmatites, and disseminations in granitoid 
rocks. kost of the world's production is derived fro.m the Malay States and from l.lolivia., 

although lesser deposits. occur in many other parts of the world. In the United 3tates, small 

sub-marginal deposits are known in south Dakota, �orth· and South ��rolina, Virginia, Cali• 
fornia, Idaho, New :�.oexico, and Nevada. 

i·raliffilnary to analytical testing or Juniper 8(dge rock, a detailed geologic survey was 
�ade of a�oyt 1 square �ile, covering a portion ot Juniper Ridge in sec. J6, T. 23 s., and 
sec. 1, r. 24 s., R. 25 E. Mapping show�d a volcanic co�plex composed of five closely re­

lated rock types, ·Of which a black, sometimes red, perlitic obsidian is of partic�lar inter­
est from the standpoint of this investieation. �iruilar rocks have been described by a num­
ber of invest�gators as bein� characteristic of areas immediately to the east and west of 
Juniper Uidae, as well as �ther parts of eastern Oregon. Attitudes of flow banding and of 
lenses of the vnrio•Hl types of rock often vary aoruptly; in a I'ew places they are highly 
contorted. lwo centers of plug•dome intrusion, fan sb�ped in cross section, were indicated. 

�·.,ur northwest-southeast trending splintu· faults are tributary to a main east-west fault 
which Corms the north front of Juniper aidge. All faults are down-dropped on their north 
side. No secondary alteration other �han surficial waatnering appears, even adjacent to 

the fault lines. All the rocks ure r9markably fresh and unaltered, with no suggestion of 
mineral.ization or hydrothermal acti�ity. 

The rocks at Juniper aidge were carefully sampled by standard methods, at points where 
"highest 3rad� ore" was reported to OGcur. A total of fifteen samples were used in the 
chemical and spectrographic 1nvesti�ation • 

.)ualita.tive and quantitative chemical methods and spectrographic methods of analysis 
sure used in analyzing samples of Juniper Ridge rock. Thirty-one different �eth4ds of con• 

�arting tin or �ompounds of tin into a form suitable for identification or determination 
wero inv��tiznted. 

Foar diffe�ent analytical procedures were adapte� for analyzing solutions containing, 

or �uspected or containing tin. The reactions of fifteen. different analytical reagents 

were st,udieci, of 'oihlch fo'ur "ere found to be most suito.ble for the detection of tin when in 

the prasenGe of Juniper aid�e rock. 3t�ndard solutions �r tin and mixtures of tin or tin 
com;ounds we�e intentionally added to portions of Juniper Ridge rock samples, which were 
then usee as con<;rols for studying the analytical reaeents or· tests. 

A large number of methods were used to outain tih in a solution which could then be 
tested qu.alitati·:ely for the presen.ce of tin, using the four analytical procedures. 

Three different standard quantitative chemical procedures were studied, using pure com• 
pounds of tin, star.dard solutions of tin, mixtures of tin or compounds of tin intentionally 
added to Juniper £iidge rook samples. As a result of this study a combination method was 
used tc make quantitative chemical determinations of the tin content of samples of Juniper 

itidge l:'"OCko 

A fire-assay :nathod of tin reoovory tras tested, using samples containing known c oncen­

trations of tin. 'fhis method was then applied to samples of Juniper 4\idge rock. 

Quali-tative and quantita·tive spectrographic determinations of the tin content of Juni­
per aidge samples were made. Two different spectroeraphs, a. large quartz prism spectro• 
graph und a )-meter grating spectrograph were used. A number of different methods of speo• 
tral ex�iiation were used. 

Chemical methods which detected the presence of tin in the control samples to which tin 

haa veen intentionally added, failed to show the presence of tin in Juniper rtidge rock sam• 
ples in amounts �reater than 0.00�'· Spectrographic methods showed the presence of tin in 
Juniper Ridge rock samples in amounts varying from 0.001� to 0.005%• 



ACKNOWLEDGEMENTS 

The authors were fortunate in receiving the advice and servi ce s of a number of fellow 

r.ciontists and other int e re sted persons, all of whom assisted greatly in the investigation, 

Much of the experimental work was performed in the laboratories of the Department of 

Che�istry at Oregon St�te Colle�e, and the authors are indebted to the many helpful 3ueges• 
tions and the courtesies of Professors G. W. Gleason, E. C, Gil�ert, Joseph Schulein, D. T. 

Holmlund und other members of the staff of instruction of Oreson State College. 

The authors wish to express their obl1sation to Dean �. E. Holmes of the New York State 

Col l ege of Ceramics for use of the· facilities of the Spectrographic Laboratory ·of that in­
stitut io n , and to Professor c. A. Ambere and L. B. Jassctt for assistance in petrographic 

and spectrographic work done at the New York State College of C e ramics. 

The experiments involving cyanide fusions in gas fired muffles were performed in Beede1s 

Laboratory, the facilities of which were offered by John Beede, Clarence Beede assisted in 

making the se experiments. 

The hydro3en reduction experiments were p erfor med 1n the laboratory of s. H. Williston 
of the Horse Heaven Uines, Inc ., and assistance was given by Dr. L. 1. Staples and tarion 

��orris of the same company. 

Several of the "Jack Rabbit" furnaces employed were constructed by J. W, Pullen, whose 
advice regardina manipulation of this type of furnace was great ly �ppreciated. 

To Judge Robert !.!. Duncan, Ivan Duncan, Earl Harrey, o. F. S e lle , w. H. Hampton, J. w. 
Pullen, and ;,: , S. Pullen, the authors wish to express gratitude for many courtesies and 
helpful sug3estions. 

1'he members of the staff of the Ore:,on State Department of Geo logy and Mineral Indus­
tries gave assistance at all times. Zarl K. Nixon and F. I, Libbey carofully revised and 
edited the manuscript and offered helpful criticism throughout the course of the investi• 
.·ation. Nallace Lowry nnd ,i'esley Paulsen assisted with the petrographic studies. Randall 
drown made metallurgical tests of the rock and Robert Baasett assisted in the laboratory 
\'fork. iiugh and Bruce L anca s ter assisted in the takin� of the samples in the field. 



A Sl!OHT SUHVEY OF TIN 

A SH.O,iT STJHVI::Y OF Tlli, ITS HISTORY AND OCCUHRENCE 

I!lTRODU'�TillN 

A buc�5round survey of all avuil,,ble literature concerning a metal is a prere- (l) 
quisite of a field and laboratory study made far the �urpose of determining the pres-
ence and mode of occurrence of that metal. ;, very condensed summary of the historical 
and technological background of tin is �resented herewith. 

3ibliogruphic references (civen alpha0et1cally at the end of this chapter) are 
condensed in the text so as to cive only the name of the author, the last two digits 
of the da�a of publication, sup�ratcd by a colon from the paJe reference. A reference 
to "�ineral Deposits" by Baldemar Lind�ren, published by �cGraw�riil� in 1928, paee 277, 
is thus condensed to (Lind::ren,2B:27'/). "·.·;�· 

.'in is kno\vn to huve been used since very early times, A metal referred to by {!_) 
Herodotus and Homer was undoubtedly tin. So::le authors state that it v1as used in !!:gypt 
and China us early as 1600 �.c. At ubout 1000 B.c., the Phoenicians ware carryine on 

an extensive tin trade between the "Cassiterides Islands", Generally thought to be the 
driti.sh Isles, a.nd Mediterranean ports (l.'oullor,27:276; F'a1ms,05), 

ln the thirteenth century, much of the world's supply of tin came from Cornwall, 
but the metal was also discovered at about that time in Saxony and Bohemia; and a num­
ber of lG·th century trritcrs :nention l!:ast Indian deposits that may have been a source 
of tin as early as the eighth century. 

i:IN:,itALOGY 

There are only two minerals, casJiterite and stannite, that have been mined for (l) 
tin on u co�mercial scale. Of these, caositerite, the oxide, is by far the more im-
JOrtunt. Theoretically pure cassiterite contains 78.6% tin by weight, but actually 
the percenta�e is usually slightly less, due to the presence of such impurities as iron, 
�rsenic, zinc, etc, Cassiterite also frequently contains minor amounts of tantalum, 
sil icon, and ma.n;;anc>>e (Dana,l4:2J5), The color of cuss1torite is usually brown or 
blue%, but so::1etimes it is red, !;ray, ·.rhitc or ,yellow, It belongs to the tetragonal 

system, frequently crystalli�lng in double pyramids, Hardness is 6 to 7, and specific 

Gruvit;l is 6.(3 to 7.1. lt is very resistant to 1vcathoring because it is practically 
insoluble,· Due to its high S!)ecific gravity, it is concentrated by streams in placer 
deposits, from which over bO% of the world's supply of tin is derived (Uess & Graton, 
05:161). Wood tin is cassiterite with a reniform shape and fibrous, divergent structure, 

5tannite, u complex sulphide of copper, iron, and tin, occurs as a steel•e;ray to (�) 
iron black granular or massive substance, containing up to 27% pure tin. It is of 
minor importance as an ore. 

Native tin has been reported from uevera.l localities, only one of which, in New 
South �ales, has been verified, 

According to Dana (22:676) other minerals containing tin as a part of their ahem• (1) 
ical makeup are: 

canfieldite 
tealli te 

4Ag2s.sns2 
i'bSnS2 

stoke site 

niclmite 

H2CaSnSi3011 
Y,Fe,Mn,ca,stanno-niobate 
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frankeite 

cyl1ndr1 te 
Pb5sn3resb2s14 
Pb 3sn4FeSb 2S 14 

Mellor (27:283) r e ports the following: 

cuprocassiterite 

plumbostannite 

Ce.Sn(Bo3)2 nordenskioldin' 

hulsite 12 (Fe ,Mg) O, 2Fe 20 3.lSn02• 
. 3B203.2H20 

4sno2cu2Sn(OH)6 
sn2sb2Pb2(Fe,sn)2s11 

�ellor also lists as follows a number of othe r minerals which contain tin in small \�) 
quantities as an accessory constituent: 

columbite aeschinite phonolite 

plumbooolumbite cyrtol i te mi crol i te 

ta!ltalite fredricite olivine 

yttrotantalite polycrase pyro ph1111 te 

ixiol1te eu e ra s it e kaolin 

ilmenite sipylite cryo.ii te 
f'erroilmenite ferberite mica 

rutile tapiolite l epidolite 
ilmenorutile tritomite manganoepidote 
euclase .hjelroite pyrolusite 
fergusonite. tyrite pyri te 

sama.rskite malaeone t'ahlerz 
monazite zircon sperrylite 
de1orenz1te scheelite zincblende 

risorite hatschettol1te thalenite 

tourmaline 

GEOLOGIC OCCURRENCE 

Tin is not common enough to be llsted among the 26 most abundant elements present (2) 
in the igneous !'ocke of �he eartho s cru.st (Clarke124:2,) in which the amount has been 
estimated to be of the order of .000006% (Mellor,27:280); in acid igneous rocks the 

percentage fo sometime� as high as .oOl% (Fries,42:2BJ). 

The extensive literature regarding the oc c urrene e of tin is summarized by Hess 

and Graton. l05)1 Mellor (27:284)1 Johe:s (25) and Fawns (05), and a complete bibliography 
is given by Hess & Hess (12). 

Tin occurrences are widely scattered on all the continents, but 85% of all the 

world's production comes from two areas, namely, the Malay States and Bolivia (Mellor, 

27:280). 

Approximately 70% of the world's production is obtained from alluvial deposits,or 

mainly from the l!lalay Peninsula, the islands of Banca and Billiton near Sumatra, 'iuid 
1lacers, 

from Nigeria and China (Lindgren,28:277). Minor amounts are mined in Now South Walas, 

Victoria, and Tasmania. Small amounts oi' stream tin occur in Alaska (Knopf, 08; John­

son; 1'0; Harrington, 1,; Chapin, 1,; Fearing, 20; Steidtmann & Cathcart, 22.; Waters, 34), 
in the Black Hills of South Dakota (Hess, 0,; Darton & Paige, 25) 1 in North and South 

Carolina (St. Clair, 35; Haney, 28) and in Mexico ( Sampson, 27). 

(�) 

The source rock of tin (cass1terit
.
e) 1s either granitoid rooks, pegmat1tes, or (.2.) 

quartz veins . Tin-bearing veins are generally considered ( Ferguson & Bateme�, 12; 
Singewald, 12) to. have a close genetic �onnection with the acidic granites, and to 

have been emplaced soon after the cooling of the major part of the Granite, unde� 
"pneuma to lytic" conditions (Lindgren, 28: 734··35). Cass1 teri te 1 s found near the contacts 

ot' granites, sometimes in fissures, in Finland, Saxony, Tuscany, Devonshire (Lindgren, 

2�:817), and on the Seward Peninsula, Alaska lKnopf1 08; Harrington, 1,; Ste idtmann & 
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Cathcart, 22}. It is associated with a large number of contact metamorphic and lime­

si licate minerals and sulphides; tourmaline is an especially common accessory mineral. 

·rin•bearing pegmatite dikes have been ,r,ined in tho United States in South Carolina 
near Gaffney (Haney,28), in the Black Hills { Smith & Page,4l), and in Virginia {lt'er­
guson118). 

rhe largest production of "hard rock" tin has been from high-temperature or hypo­

tnermal ve i ns, that have a definite as s ocia tion with such ore minerals as molybdenite, 

arsenopyrite, wolframite, bismuth, and bismuthin1te1 with much less abundant pyrite, 
pyrrhotite, chalcopyrite, galena, and sphalerite. Quartz 1s the chief gangue mineral, 
accompanied by lepidolite, f luor ite , topaz, tourmaline, axinite, and apatite (Lindgren, 
2U:725)• Mines in this type of vein include those of Cornwall, Holivia, Japan, New 

South Wales, Tasmania, Saxony, and in North America, Nova Scotia (Messervey133; Da.vid­

son, ?3), Manitoba ( .DeLury, 20; Wright1)2)1 and .tlritish Columbia. 

Some tin occurs in mesothermal replacement veins associated with si l ver. The Bol• 

ivian veins are the best examples of this type. Here cassiterite occurs in a gangue of 
quartz with pyrite, arsenopyrite, sphalerite, chalcopyrite, stannite, tetrahe.drite, 
andorite, ruby silver, and Jamesonite (Lindgren,2ti:657). Tin-silver veins also occur 
i·n British Co l u mbia (Gunning,Jl}. 

The tin deposits of the western United States, although not of great economic 
importance, should oome in for special notice. There are a number of occurr ences in 
California {Pabst1;3Cl:l23), some of which have been r;:1ned, as in Riverside County (Fair• 

uanks1 �7; Dudley , 35; Sampson, 35)• Tin also is known to occur in Plumas and Trinity 
· counties (Hanks1Cl4:410}, in 3an Diego County {Penfield & Ford1lb; Sohaller116)1 and 
in Siskiyou County {Pabst,38:l2J}. l'in occurs in Idaho (Llv1ngston11,)1 near Spokane, 
Washington (Anderson128; Fernquist,35 ) 1 and in Nevada and New Mexico. The Nevada and 
riew �exico cassiter�te deposits are of especial inter e st , because the veins occ ur in 
Tertiary rhyolites. At MaJuba Hill1 Pershing County, Nevada {Smith & G1anella,l�2) 

they occur ln an alt ered, tourmalinized, and s ericiti zed plug of rhyolite porphyry 
breccia. In the Black Range of Catron and Sierra Counties, New Mexico, the tin - bearing 

ore stringers occur in f ractured and altered zones of mid - Terti ary rhyolites, which 
have a fan•shape.d cross-section of primary flow banding, suggesting extrusive vents 
(Hill,20; Naething,2l; Fries,40). The cass i ter i te in northern Lander County, lhvada 
occurs in veinlets in Miocene rhyolites, as'"incrustations deposited in rumurolic 
vents along fissures formed by differential contraction during the cooling of the 
lavas" (rries,42:2·;�; Knopf,l6a,l6b). It should be especially noted that 1n all these 
occurrences of tin in rhyolite, the c assiterite occurs in veins or vein l e ts 1n rook 
which has been hydrothermally altered, and 'that the fresh rock has only a nor•aal, 
minute trace (•001%) of tin (Fries,42:28J). 
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C H .I. P 't Ei� I l  

�EO LOGI C 1 N V i ST 1 G� t l O� 0 F  A r O R T I ON OF J UN I P ER RI DGE 

l N 'r i W DUC T I (lll 

l n  c o n� o c t 1 o n  w i t n  tne  r e p o r t e d  o c c ur r e n c e o r t i n  in e a s t e r n O r e g o n  o b s i d i an s ,  tl!) 
·r. n e  au'tn o r  �� a s  i n s t r u c t e d  t o  m a k e  a d e ta1 U o  g e o l o g 1 e a .l.  and petrograpn l o  s u r vey o f  
� h a t  p o r t i o n  o r  Juni p e r  R i d g e  wne r e  t he " b e s t  gra d e  o r e "  w a s  r e p o r t e d ly f o un d .  S i n c e 

" n e  c i• o s e n  a r e a  U e s  l a r g e ly J u s t  o u t s i de the  U .  ::> .  :Xeo l o g:Lc&l  Sur vey Squaw H u t t e  

i>anc h t o p o gra.p n 1 c  s n e e t ,  o ve r l ap p i ng t h e  n o rttl e �.< s t  c o rne r o f  t n e  map , i t  b e c am e  n e e • 

e s sary to e x t e n d  t n e  t o p o graphy to c o ve r  t n e  a r e a. .  

vn J u ly l O t h  and l l t n ,  1 , � 1 , a p r i mary t r la.ngu l at i o n  c o ntro l n e t w o r k  wa s e s tab­

l 1 a h e d ,  a n d  a ma J o r  p o r t i o n  of o n e  s q uar e n. 1 l e  wa s t o po sra.ph i o a l ly map p e d .  A p o r t i on 
o t  t h e  ge o l o a;y w a s  p l o tt e d  and samp l e s  w e r e  take n at t hat t i me . The & r e a  wa s r e vi s l t v d  
:Ln O c t o b e r ., add i t i o n a l  s amp l e s w e r e  t aken and the g e o l o g i o  t 1 e ld w o r k  w a s  c o mp l eted .  
? e t r o graph i o  e xam i n at i o n  ot t h e s e  a am p l a s  wa s made dur in� t h e  ensuing y e ar i n  the 

l a b o ra. t o ry at t h e  P o rt land ot t i c a  ot the Sta.ta D e pa r t me n t ot G e o l o gy  and M i n e ral  I n du s •  

t r i e s .  

B i b l i o graph i c  r e f e r enc e s  ( g i v e n  a l pn a o e t l c a ! ly a t  t n e  e n d  o f  t h i s c ha pt e r ) a r e  

c o nden s e d  i n  t h e  t e xt s o  a s  t o  g i ve o n ly the nama o f  t n e  au t h o r ,  the l a s t  two d i g i t s  

o f  the dat e o f  pub l i c at i o n ,  s e para t e d  b y  a c o l o n  f ro m t h e  p a g e  r e l' e r e n c e .  A r e f e r e n c e  

t o  " T h e  P r i n c i p l e s  o f  P e t r o l o gy "  by G .  W .  Tyr r e l l ,  pub l i sh e d  by E .  P .  Du t t o n  i n  1 �2 � ,  

page �8 , wou l d  b e  t hu s c o n d e n s e d  t o ( Tyrr e l l , 2 9 : 98 ) .  

Lo c a t i o n  and � e n e r a l  Featu r e s  

T h e  Jun i p e r  R i d g e  ar e a  d i s c u s s e d  i n  t h i s r e po rt c ove r s  ab out one square m i l a ,  
l y i ng a o ut h  o f  t h e  e a st -w e s t c en t r a l  O r e g o n  h i ghway ( U . s .  2 0 )  approximat e ly � 6  mi l e a 

e a s t  o f  B e nd and 36 m i l e s  w e st o f  Burns . T h e  ar e a i a  o r o s a e d  by the m e r i d i an o t  l o n g •  

i t u d e , 1 1 9 ° , a n d  t h e  pa ra l l e l o f  l a t i t ud e , 43c 31 ' 1 5" N .  I t c o mpri s e s  the s.i ot 
s e c . )6 , T .  2 3  s . ,  R .  25 E . ; a n d  the N.t o f  s e c .  1 ,  T .  24 s . , R.  25 E . W . M .  

f h e  a r e a  l i e s  i n  p a r t  w i t h i n  t h e  northe a s t  c o rn e r  o f  t h e  u .  s .  G e o l o g i c a l  Survey 

Squaw J.i u t t e  Ran c h  Sh e e t ,  n e a r  t h e  e a s t  end o f  a p r o m i n e n c e l o c al ly known as J un i p e r  

iU d ge . 

R e l i e f  an d Dra i nage 

The ar e a  i s  t rave r s e d  f r o m  s o u thw e s t  t o  no r th e a s t  by an i n t e r m i t t ent s t r eam, 

wh i c h  ha s out a s t e e p -wal l e d  and in p l ac e s  p r e o i pi t o u a  gu l ly from 5 0  t o  1 50 t e e t  de ep .  

Th e gu l ly c u t s  ac r o s s  a s e r i e s  o f  b e n c h e s whi c h  dr o p  down by s t e p s f r o m  an e l e va t i o n  

o f  5 000 f e e t  at th e s o u thw e st c o rne r o f  th e ar e a  t o  4 5 00 t e e t  a t  t h e  hi ghway .  Ano t h e r  

d ry gu l o h  r u n s  n o r t hw e s t e r �y t h r o ugh t h e  no r th e a a t  quart e r  of t h e  are a ,  and near l y  

J o :L n s  th e ma i n  c r e e k  b e f o r e  turning n o r th t o r  1 50 u  f e e t whe r e b o th c r e e k a  d e b o u c h  ( 1 500 
f e e t  apart ) u p o n  the n o r t h - s l o p i ng a l luvial p i e dmont , a l o ng wh i o h  run s the  hi ghway . 

An o t h e r  e a s t - t r e n d i ng gu l c h  dra i n s the s o u t h e a s t e r n  quar t e r  o f  t h e  a r e a . 

C l i ma t e  

T h e  o l i mat e o f  th i s part o f  Or e g o n  1 s  s e m 1 -ar l d ,  wi th a n  ave rage annua l p r e c i p • 

i t at i o n  o f  l e s s than 1 0  i no h e a .  The 1 umme r a  a r e  h o t  an d dry ; t h e  wint e r s  a r e  c o l d .  
T h e  s t r e a m a  a r e  i nt e rm i t t e n t ,  and sprins s  a r e  r ar e . 

(�) 

(!2.) 
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T h o  3 e o l o c i c  l i t e rature  r e l a t e d  t o  the  i & n e r a l  a r e a  o f  e a s t - c e n t r a l  U r e g o n  i s  n o t  

r. t>c.n dant . Ho;re ver mo s t  o f  the s e  a r e a s  t h a t  have b e en ma ppe d c o nta i n  o n e  o r  m o r e  r o o k  

i' o r mat l o n s  s i m i l a r  t o  t h o s e  a t  Jun i per iU dge wh e r e  bande a r hy c> l i t i c  lava s  and p er .1 i t i c  
c � s l d i a n s  pre �o m i nat e .  

i'he  Glas s B u t t e s ,  on ly  1 5  mi l e s  we st  o f  Jun i p e r  Ridge  ( Wat e r s , 2 7 ) , c: on t a i n  a r o c k  
, , , c: u e nc c o f  p er l i t e ,  o o s i d i an ,  vi t r o phy r e , dao i "t e , and e s i t e ,  a n d  o :J. s a l t  who s e  c harac t ­
L r 1 s t 1 c s a r e  ve ry c l o s e  t o  t h o s e  o r  Jun i p e r  Ri dge , e ve n  to  t h e  pumi c e  c a p s  o f  "t h e  f l o w s . 
f , . e  Gla s s  But t e s  rhyo l i t e  s e r i e s ,  ac c o r d i n g  t o  ri at c r s ,  i s  p r o c ab ly  c o r r e l at i ve with 
� h e  :> t e e n s  c. o un ta. 1 n  l a vu. s o f  M i o c e n e  ag e .  L a t e r  wo r ke r s  ( Lowry and B owman , u n ; u o i i s n o d  
fu S & . , l 9 4 J J  b e l i e ve t ri e m  t o  b e  P l i o c ene . 

A r e a l  map p i n �  o r  t n e  Harney Ja s 1 n t o  t h e  e a s t  l P 1 p e r , 39 )  e x t eno s t o  � i t h l n  tw e n ty 

w � l e s  or Jun i p e r  � i Gge . r � a  Pa l o m i na aut t e s ,  Ju s t  south of t n e  h i ghrray f i f t e en mi l e s  
v e & t o f  , >u r n s ,  a r e  a o m ,o o s e d  o r  ll i o c e n a  l ?)  c xt ru s i ve s  that unc e r ly the S t e e n s  b a s a l t ,  

L !'l d  a r e : 

" · . • •  i nf l a t e d  'tn r o u ;nout and e v e n  pur�i c e o u s  at s o m a  S C) o t s ,  ano c o n,mon l y  d i s ­
c l o s e  c o n s p i c u o u s  f l ow �and ing . � he i r  rn�trix is l a r g e ly s i l i c e o u s  g l a s s  

( i n d e x  o f  r � f r� e t i o n  l e s s  t han 1 . 54 )  I n  whi c h  p e r l i t i e  c r a c k s  and s h a r d s are 

e o =mo n .  The c o mm o n  f e l d sp a r  r � n c e s  f r o m  o l i g o c l a s e  to a c i d i c  a n d e s i n e , b u t  
s o me ortho c la s e  ( 7 ) i s  pre s ent . Horn� l e nd e  h a s  b e en ab und an t a s  a p r i mary 
:d n e ra l  but i s  lar-ge ly al t e r e d  to b i o t i t e . A few sma l l  c ry s t al s of apat i t e  
& r e  p r e :3 e n t , b u t  n o  o th e r  ac c e sso ry m i n e ral s w e r o  r e c o gn i zed in t h e  t h i n  se c ­
t i o n .  The r o c k  o f  t h e  Palo mina. jutt e s  h& s � a en a s c r i b e d  provi s i o na l ly t o  t h e  
o l d e r  s i l i c e ou s  e xtru s i ve s. 

" .ih � r e  t h e  o l d e r  s i l i c e <J u s  e x t r u s i v e s  and the  S t e e n s  basalt !lo r e  i n  c on ­
t a c t  t h e y  <• r e  s e pu.r!.> t e a  by a n  une o n t' o r r.lity t hat h a s  s t r o n .,;  re l i e f  and invo l ve s  
c o n s i J e rub l e  e r o s i o n  and l o c a l  an;u l • r  d i s c o r danc e . T h e  angular d i sc 0 r d anc e 
i s  d i s c l o s e d  i n  the northern part o f  t h e  C r o w c a.mp Hi l l s ,  in t h e  east e r n  part 
of a i dd l e  � D u n t ai n ,  ana i n  the a.r o a  e a s t  of �alh eur Ga p .  I n  t h e  l a s t - named 
� r e &  the  o l d e r  s i l i c e o u s  e�tru s ive s a r e  o rump l e d  and frac ture d ,  wh e r e a s  the  
S t o en s  b a s a l t  l i e s  n e a r ly f lat , is  fault e d  in  a ra t h e r  s i mp l e  pat t e rn ,  �nd 
i s  not c r umpl e d . " ( P i per , 39 :. 5 2 )  
o t h e r  ro c ks o f  l a t e r  � l i o c ene age i n  t h e  Harn ey Ba s i n a r e  s i mi l &r t o  s o me o f  t h e  

� p n a r u l i t i c  pha s e s  o f  t h e  Jun i p e r  R i dge f e l s i t e s .  T h ey a r e  d e s c r i b e d  in  par t a s  f o l l o w s : 
" l n  the north e rn part o f  t h e  a r ea , t h a  l ower  p a r t  o f  the Dan f o rth f o rm­

u t l on c o �p � i s e s thi c k  e xtru sive sho o t s  and ma s s e s  o f  r e d d i sh gray rhyo l i t e .  
A t  s o m e  plac e s  i t s  m e mb e r s  a r e  c o n s p 1 c u 6 u s  owing t o  a n  a b undan c e  o f  e v e n ly 
d i stribut e d  s ph e ru l i t e s  and 1 1 thophysae (" s ton e  bubb l e s " ) t h u t  a r e  l i n e d  w i t h  
o pa l i n e  s i l i c a .  Th e se o p e n i ng s  a r e  u sual ly d i s c o n t i nuou s a n d  do  n o t  i mp art 

p e rvi o u sn e s s  to  the r o c k  • • • • •  

" I n  t h e  3agehen H i l l s ,  w e st and s o uthw e st o f  ' urn s ,  the  rhyo l i t e  that 
ha s b e e n c l a s s i f i e d  a s  the l o w e r  par t o f  the Danf o r th f o r mat i on i n c l ud e s  c on­
s i derab l e  b lac k g l a s s ,  is ma s s i ve ,  and i s J o in t e d  so c l o s e ly that i t s  i n i t i a l  

l �y e r s  c annot b e  r e a d i ly d i s c r i m i na t e d , Certain s ph e ru l i t i e  fac i e s  i n  that 
l o c a l i ty may � e l ong ·lfi th the o l d e r  s i l i c e ous  extru s i ve r o c ks (p. 5 1 ) ,  wh i c h  

t h e �  r e s e mb l e  c l o s e ly in p e t r o gr�ph i c  c h arac t e r . ' ' ( ? ifer , J, : 46-47)  
In t h e  �aker lua drangl e farthe r t o  t h e  n o r t h e a s t  ( Gilluly , J7 : 50- 5 3 ) , t h e r e  a r e ,  

� n d . r ly ing  C o l u mb i a  R i v e r  b a s a l t , p o r p hyr i t i c  f l ow - b and e d  a n d e s i t e s  a n d  rhyo l i t e s  wh i c h 
u• e  c.c s s o c i a t e d  ·si th l ight gray p u rr. l c e o u s •app e a r i ng f l o w  o r e c c l a s .  O n  t h e  Owyhe e  r i ve r  
( ;J ryttn , 28 : 4l; )  t h e r e  i s  a r e d  t o  b l ac k ,  f l ow- bo.nde d p o r p hyr i t i c  rhyo l i t e ,  w i th o ut q u ar t z  

( 1(, ' _ ,  
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pheno c ry s t s ,  w h i c h  und e r l i e s  the M i o c e n e  Owyhe e  ba sal t . Farth er t o  the s o ut h i n  the 
S t e en.a ·uount a 1 n  . .  area ( Ful l er , )l : 60 )  t h e r e  are s phe ru l i t e s and platy r hyo l i t e s under• 
l y i n g  :the St e en s . b a s a l t  whi c h ,  s i n c e  t h e y  s h o w  no q uar t z ,  are c la s s i f i ed as rhyo l i t e  

o n  t h e  b a s i s o f  t h e i r c b e m1 o a l  c o mpo s i t i o n. I n t h e  e x t r e m e  s o u th e a s t e rn c o r n e r  o f  t h e  

state ( Yat e s  112 : ·32 4 )  M i o c:e n e  l a va s  r a n g e  t· r o m  o b s 1 d 1a. n s  t o  p o r phyr 1 t 1 c rhy o U t e s , and 
i n  gennaJ. e xh .i "b i  t we l l  d e velop e d  f l ow b and i ng . 

GE O LOGY (!Z} 

Four  d1 st� nc t r o c k• typ e s  w e r e  di s t i ngu i sh e d  at Jun i p e r  R i d ge , t hr e e  of them c l o s e ly 
r e l at e d  in age . A t e nta t i v e  o r d e r  o f  sup e r p o s i t i o n  wa s e s tab l i sh e d  ( a  l a r g e r  a r e a  o f  
mapping wou l d  b e  n e c e s s ary t o  d e t e r m in e f i nal ly age r e lat i o n sh i p s ) a s  f o l l o w s : 

( D )  S l i gh t ly ve s i cu l ar ,  p l aty , gray , o l ivi n e  b a s a l t  f l e w .  

( c ) Red , po r phyr i t i c ,  pumi c e o u s  ob s idian ,  a s  d i k e s  o r  l e n s e s ,  

a.nd pa l e  gray � p o r phy r i t i c , pumi c e o u s  o b s i d i a n ,  mai n l y  

o c cu r r i ng a s  f loat.  
( B )  B l a c k  ( and s o me r e d � b a n d e d ) , p o rphyr i t i o ,  and p e r l i ti c  o b a i d­

ian,  w i th l i tho phy a a e  o !t e n  abun dant 9 o c curr ing in l en s e a  
w i th i n  the f e l si t e  ( A ) .  

( A )  Fi n e ly � b and e d ,  p l aty o r  ma s s i ve ,  r e d  and gray , p o rphyr i t i c  

f e l si t e .  ! h e  mas s i ve pha s e  uaual ly c o nt a i n s  numeroua  l i t h o •  

phy s a e ,  w i th band e d  p l aty pha s e  o ft e n  c o n t o r t e d  a n d  f o l d e d . 

Surr ound s all.d g rad e s i nto ( B ) . 

D i s t r i bu t i o n  o f  r o c ks 
Wi t h i n  the area stud i e d p  the m o s t  w i d e ly d i s t r i bu t e d  ro c k  t y p e  i s . t he  p l aty f e l •  

s i t e  ( A )  whi c h ,  with th ' ma s s i ve pha s e ,  f o r m s  a l l  t h e  "r i m  r o o k "  w i t h  t h e  e x c e p t i o n  
o f  b a s a l t  ( E )  in t h e  n o r theast c o r n e r  o f  t h e  a r e a .  L e n s e s  o f  p e r l i t i c  o b s i d i an ( B )  
o c c u r  b e low t h e  ma s s i ve f e l s i t e c l i f f s  at s e v e ra l  p l a c e s  e a s t  a n d  s ou th east o f  th e 
oamp* ( s e e  plate  I ) ; in the c r a tk b e d  just w e st o r  � amp and a l s o  up the r idge f o r  

s e ve r a l  hundred f e e t t o  t h e  we st ; and 1n t h e  c r e e k  b e d  and e a s t  o f  the c r e e k  3500 f e e t  

t o  t h e  s outhw e s t  o t  t h e  c amp . P e r l i t e  a l s o  o c c u r s  e n  t h e  f l at - t o pped e r o s i o n  surfac e 
o r  th e ma in b l o c k  2 500 f � et south o f  the c amp and at a po i nt 2 500 f e e t  s o uth- s o uthw e s t 

o f  th e c a m p .  1he l ength o f  tbe p e r l i t e  l e n s e s  in thi s a r e a  i s  f r o m  a f ew t e n s  o f  f e et 
to n e a r ly a t h o u s and f e e t .  !h e i r  t h i c kn e s s  1 s  f r o m  a f ew i n c h e s  t o  s eve r a l  t e n s  o f  
f e e t .  ih d p· .. ud c e o u s  · o b s i di an ( c )  wa s o b s e r ve d in f our l o o a l 1 t 1 e s  o n  th e  l e v e l  b e nc h­
surfa c e  o f  the main b l o c k, where  i t  a pp ear s in narrow vert i c a l  { n o r t hw e st e r ly • s t r i k i ng )  
d i ke s o r  l e n s e s .  The grey pu m i c e o u s  o b s i d i an o c curs a s .f l o at c o ve r i ng mo st o f  th e 

f l a t - t o pp e d  p o r t i o n s  o f  t h e  mai n  b l o c k  as w e l l  as p o r t i o n s  o f  o ther  b l o c k s .  I t  wa s  
f o und i n  p l ac e  i n  o n ly o n e  c u t  n·o r th o r  t h e  f e n c e - l ine near t h e  e n d  o f  t h e  uppe r road . 

P etro graphy 

I n  hand s p e c i m e n , t h e  1 'low•banded pha s e  of the p o rphy r i t i c  r.e l s i t e ( A )  1 e  made up 
of p a r a ll e l  l ay e r s  . o f  g la s sy b l a c k  and l e s s  g l a ss y  pinki sh mat e rial ave rag i ng l a s s  

than 1 m m .  i n  thic kn e s s ,  but varyi ng rro m a maxi mum thi c kn e s s  o t  ) mm. down t o  th i c k­

n e s s e s  m e a surab l e o n ly und e r  the mi c r o s c o p e . The b lack bands w eat h e r o n  the sur f ac e 

to a dark e r re d  than t hat o f  the pink ban d s ,  w h i c h  do n o t  c hange c o l o r  u p o n  weath e r i ng .  

*Th e t e r m  11 c a.mp " a s  u s e d  i n  th i s  r e p o rt d e s i gna t e s  t h e  l o c at i o n  o f  t h e  bunk h o u s e s , and 

l i t t l e  " p i l o t  p l ant " �  on  the s o uth s i de o f  the c r e e k , n e a r  t h e  c en t e r  o f  t h e  s o uth l i n e  

o f  s e c . ;6 , T.  23  s . , a .  2 5  E . W . M .  

<�.> 
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Euhe dral to subh edral  f e ldspar pheno c ry s t s  up to 2 mm . 1n d iam e t e r make up ab o ut 5% o f  

th e  r o c k .  They app e ar almo st e xc l u s i ve ly w i t h i n  the b l a c k  b ands ,  whi c h  swe l l  t o  lap 

a r o u n d  t he m . The ma s s i ve pha s e  o f  th e fe l s i t e a p p e a r s  to have a c o mpo e it i o n  s i mi l a r  

t o  t hat . of  the r e ddi s h  band a ,  b u t  1 t  i a  u s u a l ly charac t e r i z e d  b y  t h e  pre s enc e o r  p i n k • · 

c o l o r e d  l i th o phy s a e , f r equent ly ho l l o w ,  wh i c h  grad e in s i z e  up t o  3 e m .  in d i am e te r , 
a n d  s o m e t i me s  make u p  a s  muc h as 30% o f  th e r o o k .  

Ond e r  t h e  m i u r o s c o p e t h e  b ande d p o rphyri t i c  f e l s i t e  i s  s e en. to c o nt a in a s  phe�o ­
c ry s t s  ab out 5� subh eciral ande sine-o l i g o c lase  ( Ab6 5An35 ) fro m 0 . 2  to  1 . 0  mm . l o ng ,  and 
ab out 1% anh edral  magne t i t e  grai n s .  The e utax1 t i c  ( K e m p  & Grout ,40 : 6 2 )  gro undma e s  
c o n s i st s  o r  �0% l nt e rgr o wn mi c r o - sph e r u l i t e s  pr o b ab ly c o mpo s e d o f  o rt ho c l a s e  ( and po s •  

s i b ly quart z ) ,  ave r ag i ng . 00 5  m o .  d i amete r ( Tyrrel l , 2!J : 9 9 ) . E l o ngat e d  c avi ty f i l l ings 
paral l e l  to the b�nding are f i l l e d  i n  by deut e r i c  g r o wth of t h e  s p h e rul i t e s l ining the 
c avit i e s ,  and the c ent ers  of t h e  c avi t i e s  are f i l l e d w i th a nearly c l ear i s o t r o p i c  

mat e r i a l , p r o b ab ly hya l i ne o pal . Ext re m e ly mi nute l o n gu l i t s s ,  p r o a a b ly o f  i ro n  o x i d e s  

( 3  • 5%) a r e  s c at t e r e d  t hroughout t h e  &roun dma s s  p ar a l l e l  t o  t h e  f l o w  b andi ng. 

! n  hand s p e c i m e n  the b l ac k  p e r l i t i c  o b s i d i an ( B )  a p p e a r s  t o  c o nt a i n a b o u t  5% pheno • (�) 
c J•y s t s  of wh i t e  sub h e dral f e l d s par . The s u r f a c e s  of t h e  w e l l-deve lo pe d  p e r U th f rac t -

u r e s  have a b r i l l i ant b l ac k t o  pa l e  g ray g l o s s ,  d e p e n d i n g  upon the t hi c kn e s s of t h e  

i nd i vi d ua l  she l l s  o f  the 11 p e r l s' ' • L1t h o phy sal pha s e s c o nta in up t o  80% o f  g l o bular an d  
i r r � gu l arly shape d p i nk mat e r ial , wh i c h  h a s  a ra d i a t i ng f i b rou s t e x t u r e  a n d  s o m e t im e s  

o p e n  c a v i t i e s  i n  the i r  c e n t e r s  ( Tyrre l l , 2 9 : 98 ) .  T h e  b o undari e s  o f  thi s mat e r i a l  ar e 

usually sharp but s o m e t i me s  g r a d e  into t h e  g l a s s , 

Un d e r  th e m i c r o s c o p e  th e p h e no c ry s t s  mak e  up ab o ut 8% o f  the  r o c k , Ab o u t  4� i s  
r e s o r b e d  a n d e s i n e - o l i g o c l a s e  f r o m  . 6  t o  1 mm . in s i z e .  Darker c l o udy a r e a s  o f  g l a s s  
o ften  o c cur a r o und t h e  r e s o r b e d  f e l dspar pheno c ry s t s ,  Th ere  i s  2% sub h e dral augit e  
0 . 5 mm . o r  l e s s  i n  s i z e , 1 �  hy p e r sthe n e , and 1 %  ir on oxi d e s  up  t o  O , l  mm . in  s i z e .  

The groundma s s  i s  p e r l i t i c  g l a s s ,  d u s t e d  with 5 • 10% o f  f i n e  o paque n e ed l e � ,  wh i c h  
a r e  f r o n1 5 to 1 0  mumu ( . 00 5  • . 0 1 mm . } long and f ro m  0 . 1 t o  0 , 5 mumu ( . 0001  • . 0005  mm , ) 
th i c k. T h e s e  a r e  p r o b ab ly magn e t i t e , s i n c e grinding the r o c k  y i e l d s  5 • 10% magn e t i c 

du s t .  T h e  o r d e r  o f  c rysta l l i zati o n  i s  magn e t i t e  - py r o x e n e  • f e l d spar - magne t i t e  

l o ngu l i t e s  • g l as s .  
The pal e gr&.y purni c e o u s  o b s i d ian app e a r s  I n  h�nd s p e c i me n  t o  have a po r o s ity o f  {�,!) 

o n ly a b o ut 5%1 b u t  t he tubu l e s  an d d i r e c t i ve t e x tu r e  in the  g l a s s i s  we l l  d e f ined i n  
t h e  hand s p e c i m e n ,  and vi t r e o u s  l u s t r e  i s  n o t  un i ve r s a l ly appar ent . T h e r e  are a few 
x e no l i th s  of b a s i c  r o c k  up to  2 in.  acro s s ,  p r e sumab ly to rn f r o m  the wa l l a  o f  intrud e d  

r o c k .  T h e  s p e c i f i c  gravi ty o f  a lump o f  pumi c e o u s o b s i dian i e  o n ly s l i eht ly l e s s  than , , 

t hat o f  a.d.J o i n i n g  r o c k s .  · 1ih1te  fe l d t par p h eno c ry s t s , ava rag i ng 1 • 2 mm. l o ng, make u p  
a b o u t  5% o f  t h e  r o c k .  A f e w  mi nut e b l ac k  c ry s t a l s o f  iron  o xi de s are • l a o  appar ent. 

Unde r th e m i c r o s c ope the gray pumi c e ous  o b s i dian is s e e n to b e  c o mp o s e d o f  about 

5% sub h e d ral ande s i n e - o l i go c l a s e  ( Ab 6 5An35 ) p h e no c ry s t s ( 0 . 3 • 2 mm . i n  s i z e )  i n  a 
vi t ro phy r i o  ( K e m p  & Gro ut , 40 : 1 1 0 )  groundma s s  c o mpo s e d  75% of o ri ent ed tubu l e s  o f  c l ear 

glas s wi th an i n d e x  o f  1 . 505  ( 71% S i 02 a c c o r di ng t o  G e o rge , 24 : 353) ; 1 5% o l i go c l a s e •  · 

a nd e s i ne micro l i t e a ;  and about 5% f i n e  ao o e s s o ry i r o n  o x i d e  gra i n s .  

I n  hand s p e c i m en , th e r e d  porphyr itic  pumi c e ous o b s i dian c onta i n s  l a r g e  ( up to . (!!) 
5 mm. l o ng )  o r i ented  p lat e s  of whi t e  f e l d s par , whi c h  make up ab out 5% ot the r o o k ,  in 
a gro undmas s c o mpo s e d  of appr o x i ma t e ly e qual part s of dark r e d  unevenly f r a c t u r e d  g l a s s  

a n d  pal e r ,  s l i ght ly pumi c e o u s  mat e r i a l .  

Und er the  mi c r o scope  t h e  pheno c ry s t s  o f  t h e  r e d  p umi c e ou s o b s i d i an a r e  shown t o  

b e  c o m p o s e d  o f  5 %  euh edral t o  sub h e d ral and b r o k e n  and e sine-o l igo clase  ( 0 . 3 • o . 8  m m .  

d i a me t e r ) ; and 1 %  euhedra l ,  s t r o n g ly p l e o c hro i c , i r o n - r i c h  o l i vi n e averaging • 3  mm . in 

d i am� t e r . The v i t r o phyr i o  gr oundma s s  i s  c o mp o s e d  o f  glas s whi o h  r etai n s a d i r e c t i ve 
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pum i c e o u s  t e xtu r e , b u t  the tub u l ar o p e n i n g s  a r e  l a r g e ly lacking .  Ab o u t  h a l f  o f  the 

glas s i s  c l our a n d  th e o t h e r  half  i s  d a r k  y e l l o w , pro b ab ly d u e  t o  c o n t ai n e d  i ro n  o xi d e , 
t h e  l a t t e r  d i s t r i b u t e d  in i r r e gu l a r  e l o ngat e d  b l e b s ,  s t r i ng s , and patc h e s .  

the o l i vi n e  b a s a l t  ( E ) i s  a dark g r ay , p l aty , and p o r phyr i tic l ava wi th an a phan- (�) 
i t i c  groundma s s  c ha r a c t e r i � e d  i n  h a n d  s p e c i m e n  by i rr e 3ular patch e s  o f  l i ght e r mat e r i al 
o r i en t e d  para l l e l  t o  the p l aty s t ru c t ur e ,  Und e r  the  mi c r o s c o pe tho p h e n o c ry s t s  a r e  s e e n  
t o  b e  e o � p o s e d of 1 0� subhedral  t o  anhe d ra l  and c orr o d e d l ab r a d o r i t e  ( Ab 3o An7o ) laths 
( 0 . 2 t o  1 . 5 mm . l o ng ) , and ab o u t  2% anh e d r a l  r e s o rb e d  aug i t e  from 0 , 2  t o  1 , 0  mm . in d i a •  
m e t e r ,  Th e r e  a r e  a f e w  l <:. r r, e  sub h e d r a l  t o  anh e d ral o l i v i n e  c ry s t a l s  ( over 2 rn n: ,  i n  d i a­

m et e r ) , o f t e n  � o r e  o r  l e s s  c o m ; l e t e ly a l t e r e d  to i d d i nB s i t e , and a f e w  �ra i n s  o f  s u b • 
h o cra. l ;l r i smat i c  hy pe r s t he ne . T h e  groundmu s s  c o n s i s t s  o f  ab o ut 6 0% anr� e s i n e - o l 1 go c l a s e  
m i c r o l i t o s  w i th a f e l t e d  o r  f e l s o phyr i c  t e �ture ; 1 5� i n t e r s t i t i a l  a nh e d r a l  c l i n o pyr o x e n e  

e r a i n s ; and 1 0� i r o n  o x i d e s  i n  subhedral c rJ s t a. l s  and i n  i r r e gu l a r  b l o b s ,  

T h e  t hr e e  r o c k-typ e s  :. , 3 ,  a n d  C have s i m il a r  i nd i c e s  f o r  t h e i r  1 : l a s z c o n s t ituent s (.!.!±) ( 1 . 50 • 1 , 5 1 )  whic h i n d i c at e  t h a t  t hey have a s i l i c a  c o n t e n t  b e tw e en 6 8  a n d  7 2  p e r  c e nt 

( Ge o r ee , 2 l-t : .3 5 :;! ) . T h e  f e l d s p a r s  i n  A, B ,  and C ar e s i m i l a r  ( averagi ng Ab 6 5 An35 ) a n d  no 
quart z was i de nt i f i e d ,  G n  a mi n e ra l o gi c  b � s l s  th e r o c k s  w ou l d  b e  c a l l e d  and e s i t e s ,  
wh e r e a s  o n  t h e  b a s i s o f  t h e i r  c h e mi c a l  c o m p o s i t i o n  ( judging fr o m t h e  g l a s s  i nd e x )  they 
;;o u l d  b e  c l o. s s i f i e d a s  rhy o l i t e s ,  T h o  fi e l d  t e rm " f e l s i t e "  ( Ke mp & G r G u t , 4 0 : 6 2 )  i s  

thu s r e t ai n e d  i n  r e f e r r i n g t o  t h e m  i n  t h i s pap e r .  

Mir. e r e. l i  z u  t i  o n  (�) 
i lene of t h e  r o c k-ty p e s d e s c r i b e d  s howe d s e c o n dary alt e r at i o n  o th e r  than s l i ght 

1'i e a t h e r 1 ne f eature s ,  e ve n  ad J a c ent t o  the f a u l t s .  Limoni t e  is d e ve l o p e d  v e ry i nf r e ­

que n t ly o n  t h e  f r n c t u r c o  o f  t h e  b lac k p e r l i t e  and t h e r e  has b e en deut e r i c  a l t e r a t i o n  
o f  t h e  hyp e r s t h e n e  a n d  o l i vi n e  o f  t h e  b usa l t s .  O t h e r w i � e  a l l  t h e  r o c ks a r e  r e markab ly 
f r e sh ,  and t h e r e  is no sugge s t i o n  o f  hy d ro t h e r m a l  m i n e ra l i zat i o n .  

O r i ci n  o f  t h e  r o c ks 

The rhyo l i t i c  s e ri e s  o f  p l aty f e l s i t e s and o b s i di ans  in the Juni p e r  Ri d g e  ar e a  

� o r e  e x trud e d  a s  vi s c o u s ,  g a s - charged l avu s f r o m  a numb e r  o f  c e ntral  o r  f i s sure vent e ,  
and s p r e ad o u t  u s  t h 1 c k ,  st o ep - s i d e d  f l o w s  o r  f l at t e n e d  d o me s ( li l l i am s 1 32 : 6 9 , 7 9 ; 3 5 : 

2 8 2 ; Tyrr e l l , J l : J l ) . Th i s  e xt r e w e ly vi s c o u s  l av& c o n t a i n e d  i n i t i al pat c h e s a n d  l ay e r s  
d i f f e r i ng i n  c o m ;: o s i t i o n 1  gas c o n t e n t , vi s c o s i ty ,  and d e gr e e o f  c ry stal l i z a t i o n ,  s o  

t h a t  mo ve ment o f  t h e  ma s s  dr ew t h e  i r r e g u l ar i t i e s  o u t  i nto paral l e l  b and s a n d  l i ne s ,  
whi c h  are  c harac t e r i z e d  b y  varyine po r t i o n s  o f  s p h e r u l i t e s ,  g l a s s  m i c r o l i t e s  and s t o ny 

mat e r i a l  o f  s l i gh t ly va ry i ng c o m p o s i t i o n  ( Tyrr e l l , 2 9 : 39 ) .  S imi lar b a n d i ng in rhyo l i t e s  
a t  �t . Katmai ( Fe nne r , 2 6 : 740 ) s e e m s  t o  b e  du e t o  t h e  s t r e a k i n g  out o f  part ly and c o m­
p l e t e ly fu s e d  inc lu s i o n s  of mo r e  b a s i c  l ava ( ande s i t e ) ,  and i s  not b and i ng of e a r l y  
c ry s t a l l i z e d  magma o r  " s c h l i e r e n " . C e rtai n l e nt i c u lar a r e a s  w i t h i n  the g l a s sy magma 
c o o l e d s o  ra p i d l y  t hat not o n ly d i d  t he c h i l l e d gla s s  have no t i me to c ry s tal l i z e ,  b u t  
t h e  c o ntra c t i o n  du e t o  c o o l i ng c au s e d  f r a c tur ing o f  t h e gla s s  a r o un d  num e r o u s  c l o s e ly 
spac e d  c e n t e r s  and pr o du c e d t h e  perl ite  l ens e s  ( Tyrr e l l , 29 : 9 9 ) .  

The b andi n g ,  t h e  r e s o rp t i o n  o f  ph e n G cry s t s ,  and t he apparent d i f f er enc e i n  c o m­

po s i t i o n  b e twe en th e m  a n d  t h e  g la s s  sugg e st that po s s i b ly t h e  o r i gi na l  h i gh l y  a c i d  maema 
c am e  up through a c o ar s e  grained and e s i t e ,  p i c ke d  up s ma l l  po r t i o n s of it wh i c h  w e r e  
large ly di s s o l ve d ,  thus c h anging t h e  e o m ,;, o s i t i o n  o f  t h e  l a va .  

F:xpan s i o n  o f  c o n t a i n e d  ca s e s  w i th po s s ib l e  e x p l o s i ve a c t ivity i n  s l i g h t ly l a t e r  

e xt ru s i ve s o f  s i m i l a r  c o m p o s i t i o n  d e ve l o p e d  t h e  g r ay pumi c e o u s  o b s i d i an s , o f  wh i c h  t h e  

r e d  pha s e  r e su l t i ng f r o m  o xi d a t i o n  o f  i r o n  c ont en t ( Fu l l e r , 2 7 ) s e e m s ,  a c c o rd i ng t o  f i e l d  
r e lat i o n s , t o  r e p r e s e nt a n  intru s i ve p ha s e .  Thi s pumi c e  c ap i s  s i m i l a r  t o  that a t  Glass  

Jutt e s  ( Nut e r s , 2 7 ) .  3 a s a l t 1 c  f l o w s  f o l l o w e d  the  f e l s i t e s ,  and a.re l at e r  than t h e  pumi ­
c e o u s  o !l s i d i an s .  

(�) 
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Struc t u r e s 

At t f. tu d e s o f  t h e  fl o wm b an d e d  f e l s i t e s  vary f ro m  h o r i z o ntal to v e rt l c e.l Wi t h i n  t e n s  (,ll) 
of f e e t ; i n  a f ew l o c a l i� t e s  t h e  6 o nt o rt i o n 1 s  s o  i n t e n s e that atti tud� s c bul d n o t  � .  
? l o tt e d  o n  t h e  map .  On a l a r g e  s c a l e , h o w e ve r ,  p l o t t e,cj. a t t i tu d e s  i n d i c a t e  a numb e r  o r  
p r i ma ry f o l d e d  s t ru c t ur e s .  T h e s e  s t ru c tu r e s  a r e  s e l d o m  c o nt i nu o u s  b ey o n d  th e  f au l t 

b l o c k s  wi t h i n  w h i c h  t h ey l i e , a n d  t h e r e  i s  l i t t l e  c o r r e s p o n d e n c e or axie.l t r_end b e tw e e n  

r a u l  t b lo c ks .  T h e y  -und o u b t e dly r e pr e s e n t  p r 1 me.ry i nt ru s i ve f eature s .  I n  s e ve ral lo c a l •  

1 t i e s  th e r e  a r e  a r e a s  o f  quaquaversal  o utwa r d  d i p s  wh i c h a r e  i n  turn s u r r ound e d  b y  c o r ­

r e s p o n d i ng s e q u e n c e s  o f  l nwa r d � d i p pi ng r o c k� t y p e s a r o und the p e r i ph e ry o r  t h e  s t ru c tu ra l  

d o m e s .  Th e s e a r e  c hara c t e r i s t i c  o f  vi s c o us o r  p l ug dome type o f  i n t ru si o n ( 11 1 1 1ams . J 2 ) .  

J o i nt i ng i n  t h e  r o c k s  o f  t h e  a r e a  i s  mo s t  pr o m i n e n t  p a ra l l e l  t o  the p r i mary f l o w• (�} 
b a n d i n g , s o _ t hat t h e  ro c k s  b r e a k  up i n t o  t hin platy p o lyg o n s  who s e  thi c kn e s s  d e p e nd s ­

p r i mari ly u p o n  t h e  d e gr e e  o f  d e ve l o pm e n t  o f  t h e  f l owQbanding. J o int i ng h a s  a l s o  b e en 
d e ve l o p e d  in o th e r  i r r e g u l a r l y  o r i e nt e d d i r e c t i o n s  b ut t o  e. l e s s  d e gr e e . 

A we l l � d e f i n e d  s y s t e m  o f  n o r thwe s t - s o u t h e a s t - t r e n d i ng n o r ma l  f au l t s  d i vi d e s the 

a r e a  into b l o c k s  having d i f f e r e nt e l e ve.t i o n s �  e. l l  down - d r o p p e d on  the i r n o rt h e a s t  s i d e s .  

Fau l t s  have b e en mapp e d  o n  the o a s i s  o f  d i s p l a c e d  e r o s i o n  surf&c e s ,  o f f s e t  o r  ab rupt l y  

t e rminat e d  p e � l i t e  l e n s e s ,  an o ma l o u s ly broken ( r at h e r than c o n t o r t e d ) b e. n d i ng i n  t h e  

f e l s i t e , e.nd phy s i o graph i c  r 1 dg e • s ad d l e s  and a d Jac e n t  re.-vi ne s .  

T h e  mai n f r o nt f au l t  s t r i ke s N .  80°  E . , a nd i s  t h e  o n ly o n e  whi c h  d o e s  n o t  t r e n d  

i n  t h e  n o r thwe s t  quadr ant . D i s p l a c e me�t o f  50 to  300 f e e t  a l ong t h i s fau l t has r e s u l t e d  
. i n t h e  d e ve l o pment o f  the n o rth e s c arpment o f  Juni p e r  Ri d g e , wh i c h  m o r e o r  l e s s  paral l e l s  

t h e  h i ghway f o r  s e v e r a l  mi l e s .  Wi thin the a r e a  mapp e d ,  t h e  amount o f  d i s p l e. c e m ent di e s  

out ra p i dly o n  t h i s f au l t  f r o :n  e a s t  t o  we s t ,  b e ing t a k e n  u p  b y  o th e r  m e mb e r e  o f  t h e  

sy s t e m  wh i c h  J o i n  i t . So uth o f  t h i s t' au l t 9  the we.r p e d  s u r fac e o f  t h e  n o r t h e a s t  b l o c k  

s l o p e s  a b o u t  4 °  t o  the southwe s t .  

The  n o r thwe s t  b l o c k , wh o s e  s urfac e � l o p e s ab out 2 °  t o  t h e  no rthwe s t ,  i s  s e parat e d  

f r o q  t h e  north e a s t  b l o c k  by a f au l t  s t r i king N .  5 0 °  w .  w i t h  a d i s p l a c e m e nt o f  o n ly a 
f e w  t e n s  o f  f e e t .  T h e  n o rthw e s t  and s o u th e ast b l o c k s ,  l y i n g  b etween t h e  n o r t h e a s t  and 

the mai n b l o c k s ,  are s epara t e d  by a s p l inte�-fau l t  s t r i k i n g  N. 8 0 °  w. , w 1 t h  a d i s pl a c e ­

m e n t  o f  o ve r  1 0 0  f e e t o  
The qain b l o c k  ha s a nearly h o r i z o nt a l  surfac e ,  b e i ng b o u n d e d  o n  t h e  n o r t h e a s t  by 

a fe.u l t  whi ch st �i k e s  N. 50 ° - 60°  w .  and f orms the  mal n n o rt h  e s carpment o f  J u n i p e r  R i dg e  

t o t h e  w e s t  o f  t h e a r e a .  T h e  m a i n  b l o o k ,  wh i c h  i s  f r o m  2 , 000 t o  2 , 500 feet wi d e , l s  
s e parated f r o m  t h e  warp ed e a st a n d  s o-utheast- s l o ping s outh b l o c k  by a s ma ll di s p l a c e m e n t  

a l ong a l a s s  w e l l - d e f i n e d  f a u l t  wh i c h  a l s o  s t r i k e s  N .  50 ° ·60 ° w .  
'l' h e  un i f o rmly n o r th e a s t  t r e n d  o f  t h e  mai n e r �J e k ,  s t ructural ano mal i e s  a n d  c o n t o r t e d ,  

c rump l e rt ,  a n d  b r o k e n  f l o w  p l an e s i n  t h e  f e l s i t e  at s e v e r a l  l o c a l i t i e s  a l o ng t h e  c r e e k, 
an d the w i nd- gap_ b et w e en t h e  two c r e e k s  n o r t h e e. s t  o f  t h e  camp , a l l  s u gg e s t  a z o ne o f  
m o ve m e n t  trending N .  J 0 °  E .  t h r o ugh t h e  a r e a . S i n c e 1 t  d o e s  n o t  d i s p l ac � the b l oc k• 
su r fac e s ,  i t  wa s p r o bab ly o f  e a r ly d e ve l o p m e n t , ant e dat i ng b o th the o th e r  fau l t  move­
m e n t s  and the e r o s i o n  cyc l e  whi c h  mo d i f i e d  t h e  s u r f ac e s  o f  t h e  fault b l o c k s .  I t  may 

even have b e e n  e stab l i s h e d  c o n t e m p o r an e o u s ly with t h e  o u t f l ow of the l a va s .  

' (,U) 
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, o th o d s  o r  Samp l i ng 

en J u l y  10  and 1 1 1  1 94 1 1  a survey " party o f  the O r e gon De partment o r  G e o l o ey and 
� i n a ra l  I n du s t r i e s  t o o k  samp l e s  o r  t h e  ro c k  a t  Jupl p e r  Ridge  f o r  ana l y t i c  wor k .  Only 
Lh�  t h r e e  m e mb e r s  o f  � h e  s u r vey p a r ty Y e r e  p r e s e nt wh e n  the samp l ing wa s d o n e , and at 
l <: �� ; t  t w o  o f  t h e m  w e r e  iH' v s ent  whe n eac h of  3am p l e s  1 t o  VI , i n c l u s i ve ,  w e r e  taken.  
� c c o r d i n e  t o  inf o r mat i o n  vo l u nt e er e d  t o  the  party by th o s e i nt e r e s t e d  in t h e  o c curr e n c e i · 
t h e  nn l ch e s t  nrade  o r e "  c on s i s t e d  o f  t h e  � e r l 1 ti o  o b s i dian and t h e  band e d  f e l s i t e .  
� o s t  o f  t h e  l o c a t i o n  c u t s  d u g  i n  t h e  a r e a  e xami n e d  w e r e  in t h e  pe r l i t e .  A c c o r d i n g l y  

.,J a :r,p l e s  I t o  VI , i n c l u s i ve , w e r e  taken f r o 1r, c u t s  p r e v i o u s ly e x c avat e d .  L� t e r ,  i n  u c t o ­
u e r ,  1 9 4 1 , th e p r o p e r ty wa s r e vi s i t e d  and Samp l e s  . U l  t o  ,\V, i n c l u s i ve ,  • e r e t a k e n  by 
m e mb e r s  of t h e  D e pa r t m e n t .  

l n  taking t h e  s i x  b u l k  samp l e s  I t o  VI , i n c l u s i ve ,  (whi ch  we i gh e d  f r o •  40  t o  60 
p o u n d s  each ) ,  s t �ndard samp ling  p r o c e dur e w a s  f o l l o w e d . I n  e ve ry e a s e  wh e r e  p o s s i b l e  
( a l l  e x c e p t  samp l e  l l i ) ,  c hann e l  samp l e s  w e r e taken a c r o ss t h e  b e dd i ng p l an e s o f  the  
;, t d  i t o s o  a s  to  g i ve an ave rage o i' t h e  va,r 1 o u s  port i o n s  o f  t h e  p e r l i t e  l en s e s  e x p o  s e d  
i n  t h e· o r e n  c u t s  and p i t s .  B e f o r e  sar.1p l 1 n g ,  f r o m  J t o  8 i nc h e s  o f  t h e  wa l l  o f  the c u t  

• h e r e  the  samp l e  w a s  t o  b e  t a k e n  w a s  b r o ke n  o f f  b y  m e an s o f p i c k ,  moi l ,  o r  i n  s o m e  

c 1o1  s e s ,  o ;;  u se of  l i ght c h arge s o f  dynam i t e ,  s o that each sam p l e  ·.1a s  t aken from a f r e sh 
r o o k  surfuc a .  T h e  s am p l i ng chann e l s  w e r e  th e n  cut in t h e  fre shly expo s e d  f ac e ,  th e 
v u rt l c a l  chann e l s  b e i n g  f rO m  4 t o  6 i nc h e s  w i d e  and l t o  2 i nc he s d e e p ,  up and d o wn t h e  
e x � o s e d  f a c e o f  r o o k .  Mo i l s  a n d  g e o l o g i c  p i c ks w e r e  u s e d  t o  o u t  t h e  r o o k  a s  e v e n ly a s  

: a s s i o l e ,  a n d  e � c h  c hann e l  wa s d e ve l o p e d  b y  g o i ng o v e r  i t s  l e ng t h  a t  l ea s t  t w i c e ,  

.;,. 1 1  the  samp l e s  ( I  t o  VI I i nc lus i ve )  w e r e  p l a c e d  i n  n e w ,  unu s e d c a n v a s  s a c k s  
1 ab � l l o d i n s i de and o u t s i d e . T h e  sac ks w e r e  t i e d ,  and � e r e  k e p t * l under l o c k  �nd key 
..1 n ti l t h ey vr Co! r e  d e l i ve r e d  and a e c e p t e d*2 J u ly 1 2t h  at the C h e mi s t ry D e p a r t m e n t  o f  
G r e g o n  � t e t e  C o l l e g e . 

D iJ H . r i p t i o n  o f  S a m p l e s  t a k e n  (J.a.) 
Samp l e  I :  Fr o m  l' 1t  N o . 2 ,  l o c a t e d  a b o u t  2 0 0 0  f t .  a lit t le e a st o f  s o uth o f  c amp• 

� n  f l at - t o pp e d  r i dg e  JOO f t .  n o rth of road a t  e l e vat i o n  or 4 9 7 5  rt . ( s e e  plate 1 ) .  
� i t  J o .  2 i s  a b o u t  1 0  f t ;  d e e p  and 4 f t .  s q u a r e ,  i t s  we s t  s i d e i s  c o mpo s e d  o f  p e r l i t i c  

J b s i d i an ,  t h e  f l o w  p l an e s  o f  w h i c h  s t r i ke N .  J0° E .  and d i p 45 • N .  1 .  Samp l e  1 w a s  

t ak e n l , J , 4  a s  a v e r t i c a l  c ha nn e l  4 f t .  l o n g ,  f r o m  t h e  c e nt e r  o r  t h e  w e s t  s i d e  o f t h e  
n i t .  

Samp l e I I : ¥ r o m  Pit N o . 2 a s  d e s c r i b e d  a b o ve . The uppe r 6 f e e t  o f  the  e a s t  s i d e  
. f  t h e  p i t i s  i n  r e d  b a n d e d  p e r l i te whi c h  o v � r l i e s  t h e  b lac k .  Sam p l e  I I  was out3, 4 
f r o m  a v e r t i c a l  c hanne l 8 f t .  l o ng n e a r  t h e  c e nt e r  o f  the e a st s i d e  o f  the p i t .  

Sarop l e  I l l : Fr o m o p e n  c u t  10 r t .  l o ng ,  4 ft . deep ,  and 4 f t .  w i d e , l o c a t e d  600 f t . 
, . ,J e  we s t  o r  camp , on n o r t h  s id e o f  r i dg e  at an e l e va t i o n  o f  a b o u t  4 775  f t .  ( s e e  plat e 
l ) ,  T h i s samp l e  w a s  u. grab sampl e J , 4  !' r o m  t h e  b o u l d e r s  of p e r l 1 t 1 c  o b s i d i an po o r ly 

e x p o s e d  t h r o ugh t h e  s l u m p  o f  t h e  par t i a l ly c a v e d  o p en cu t .  

� S e c  r 1 f e r e nc e s  a t  e n d  o f  th i s  chapt e r .  
·• I' i 1 e  t e rm " c amp " as u s e d  in t h i s r e p o r t de signate s the l o c at i o n  o f  the  bunk h ou s e s ,  a n d  
A : t t l e  ' ' p i l o t  p l ant" , o n  the s o u th s i d e  o f  t h e  c r e e k ,  n e ar the c e nt e r  of t h e  south l i n e  
o t  s a c . J6 , T .  2 3  s . , R .  2 5  � . � .� .  
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Sampl e I V :  F r o m  P i t  No . J, 6 ft. l o ng , 4 f t . w i d e ,  and 4 f t .  d e e p ,  l o c at e d  in 

p e r l i t i o  o b� i d i � n ,  a b o ut 2 5 0 0  f t .  a l i tt l e  s o uth of w e s t of c amp , n e ar c r e s t of r i dg e  

n o r th o f  c r e e k ,  at e l e vat i o n  4 9 0 0  f t .  { se e  p l a t e  1 ) .  Sam p l e  I V  wa s take n J , 4 a s  a c o m• 

po s i t &  of two 4 ft .  ve rt i c a l  c h anne l s ,  one on the n o r th and the o th e r . o n the s o uth 

s i de of t h e  p i t .  

Samp l e  V :  F r o m  � i t  N o . 1 ,  1 0  f t .  d e e p  and 4 f t . s qu ar e ,  l o c at e d in p e r l i ti c  o b s i d ·  
i an 6000  f t .  s o u th e a s t  o f  camp a n d  2 0 0  f t .  - w e s t  o f the f c nc e • l i n e  ( s e e  p l a t e  1 ) .  T h i s 

w a s  th e o n ly sam p l e  taken w i th i n  the f e n c e - l i n e  of t h e  Squaw But t e  Ranc h a e s a r vat i o n .  

P i t  N o . 1 i s  o n  t )1 e  n o r th s i d e  o t'  a s ha l l o w  draw a t  e l e v&.t i o n  4 7 5 0  f t .  Samp l e  V w a s  

t a ken l , J , 4 f r ci rn  &. n  B f t .  ve r t i c a l  c hann e l  o n  the n o r th s i de of  t h e  p i t .  

S a mp l e  �I : P r o m p i t  No . 4 ,  1 2  f t . ' d e e p  and 5 ft . squar e , l o c at e d  i n  banded p e r l i t i c 

and l i tho phy sal  o b s idian,  3 5 0 0  f t .  s o uthw e s t  o f  c a mp j u s t  w e s t  o f  t h e c r e e k b o tto m and 

450 f e e t  n o r t h  of S q uaw But t e  Ranch f e nc e - l ine  ( s e e  p l a t e  I ) .  Samp l e  VI wa s takenl , J , 4  
f r o m  a v e r t i c a l  c hann e l  1 0  f t .  l o ng o n  t h e  n o r thw e s t  s i d e  o f  t h e  p i t .  

Samo l e  VI I :  F r o m o u tc r o p  o f  banded b l ac k and r e d  f e l s i t e  wh i c h  has an at t i tu d e  

o f  N .  70 • E . , 6 0 °  S .  Out c r o p  i s  2900  f t .  s o u t hw e s t  o f  c amp o n  the no rth s i d e o f  t h e  

o r e e k  i n  t h e  go r g e  j u s t  b e l o w  t h e  f o r k s .  Samp l i  VI I w a s  c o m p o s e d  o f  i· to 1 - p o und f ra i •  

m e n t s  b r o ke n  o f f l  at i n t e r va l s  o f  from 1 to  2 f t . o v e r  a d i s tanc e of 50 ft. a l o ng a 
l i n e  at r i ght angl e s t o  th e b and i ng o f  the r o o k .  

Sampl e VII I :  3ub m 1 t t e d 5  as b e ing r e p r e s e nt a t i ve o f  t h e  Jun i p e r  h i d g e  d e p o s i t .  

I t  c o n s i s t e d  o f  o n e  lump o f  p e r l i t e  weighing f r o m  1 t o  2 p o un d s .  

Samp l e  I X :  A part o f  a grab samp l e  taken6 f r o m  t h e  o r e - b i n a t  t h e  f u rnac e p l ant 
at t h e  Jun i p e r  Ridge  camp . 

S ampl e  X :  S u b !n1 t t e d 7  a s  b e i ng r e pr e s entat ive o f  t h e  Juni p e r  R i d g e  d e p o s i t .  The  
samp l e  was r e po r t e d  t o  c o ll t a i n  t i n  in c o m m e r c i a l  q uant i t i e s .  I t c o n s i s t e d  o f  powd er e d 
mat e r i a l  i n  a 2 o z . b o t t l e .  / 

Sampl e XI : A c o mp o s i t e  o f  two samp l e s s u b m l t t e d 0 • 9  a s  r e p r e s entat i ve o f  r o c k  f r o m  
C la i m s  n o . 2 3  and n o , 1 04 .  

Samp l e  X I I : A c o �p o s i t e  o f  t w o  gra0 samp l e s  o f  ro c k  t o ta l l ing a p p r o x i ma t e l y  4 0  
l b s .  t aken2 f r o m  l o c a l i t i e s  d e s l g n a t e d 8  a s  C l ai ms n o . 8 3  and no . 104 . 

Samp l e XI I I : x grab samp l e  o f  r o o k  w e i gh i n g  a p pr o x imat e ly 4 0  l b s ,  t u k e n 2 f r o m  
l o c a l i ty d e s 1 gnat ed8 a s  C l a i m  no . 2 9 .  

Samp l e  XIV: . ;. grab samp l e  o f  pe r l i t e b r o k e n J  f r o m  t h e  l a r g e  o u t c r o p  o n  the e a s t  

s i d e  o f  t h e  c r e e k ,  4 0 0  f t .  n o r theast o f  F i t  no . 4 a n d  3400 ft . southw e_ s t  o f  c amp . 

Sampl e XV:  A c o mpo s i t e  grab s amp l e  o f  p e r l i t e  takenl • 2 f r o m  o p e n  c ut s  and out c r o p s 

i n  b e d  o f  c r e e k j u s t  w e st o f  c a mp .  

Ke duc t i o n  o f  Gr o s s  Samp l e s  

S a m p l e s  I ,  I I ,  I I I ,  IV, v ,  VI , and VI I a s  r e c e i ve d2 f r o m  th e f i e l d  w e r e  c o mpo s e d 
o f r o c k  ma t e r i a l  i n  v11r i o u s  s i z e s fro m 10 i nc h e s  in d i am e t e r  down to dus t .  T h e  s amp l e s  

u s e d  f o r  analy s i s  w e r e  p r e p a r e d  ac c o r d i n e  t o  s tandard samp l i ng pr o c e d ur e s ; o 
� a c h  

s amp l e  was r e d u c e � to 4 -me sh s i z e  by hand and by m ean s  of a s ma l l  Braun C h i pmunk C ru s h e r ! l 

and t h o r o ugh ly m i x e d  by r o l l i ne on a rub b e r  s h e e t .  The m i x e d  samp l e  was r e duc e d  i n  s i z e  
b y  t h e  c o ne and quar t e r  me t ho d and t h e  r e s u l t i ng 20  - 3 0  p o un d  p o r t i o n  was c ru s h e d  to 
10 mesh s i z e by means o f  a Ro l l  Gr ind e r l 2 and t h o r o ugh ly m i x e d  again by r o l l i n g  o n  a 
rub b e r  she e t .  Thi s p o r t i o n  wa s fur t h e r  r e d u c e d  in s i z e by t h e  c o n e  and q u a r t e r  m e t h o d ,  

and t h e  r e su lt i ng 1 0  - 1 5  p o und p o rt i o n  was c ru s h e d  t o  20-me sh s i z e b y  mean s o f  t h e r o l l  

e r i n 4e r .  Aft e r  t h o r o ugh m i xing,  a 5 • 8 p o u n d  s a m p l e  wa s o b t a i n e d  b y  the c one and q u ar t e r  

m e t h o d .  O n e  half  o f  this  p o r tio n was p l ac e d  i n  a m o t o r - d r i v e n  aga t e  m o rtar and p e s t l e  
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grinding uni t and r e duc ed to 100  me sh or f i n e r .  T h e s e  100-mesh p o rt i o n s w e r e  u s e d  f o r  

analy s i s .  I n  t h e  c a s e o f  e a c h  sampl e the d i s c ard e d  porti o n s  f r o m  e a c h  s t e p  i n  th e 
r e duc t i o n  w e r e  r e c o m b i n e d  and r e s amp l e d  in the ab o ve manne r  whenever a new portion o f  
that sample  was n e e d e d f o r  ana ly s i s .  

Samp l e s  I X  and X w e r e  submi t t e d  i n  t h e  f o rm o f  a f i n e  powder o f  approxi mat e ly 
100-mesh s i z e , there f o r e  no furth e r  reduction  in s i z e  was c arri ed out but the  samp l e r  
w e r e  mixed b y  r o l l i ng o n  a rub b e r s h e e t .  

Samp l e s  VI I ,  X I , XI I ,  X I V ,  and ·xv w e r e  r e duc e d  i n  s i z e by grinding in a n  i r o n  

mo rtar b y  m e an s  o f  a n  i r o n  p e st l e .  The s e  samp l e s  were  redu c e d  in s i z e  ac c o r d ing t o  
s tandard samp l i ng pr o c edur e s .  
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C H A P T ER I V  

C HEMIC A L  AND S P EC T ROCHEMI C A L  ANALY S E S  

O UT L I Hi:  

I ntr o duc t i o n 

I M e th o d s  o r  o b ta ining t i n  in a kno wn f o rm (�) 
I I  A n  i n ve s t i g a t i o n o r  r e a c t i o n s or t e e t  analyt i c a l  r e ag e n t e  (Ji·Jl) 

I I I  Exp e r i mental pr o c e dur e s u e i ng e t andard a�xtur u o f  t i n  i n  .Juni p e r  

Ri d&• r o o k  · (�·.,2!) 
I V  Exp e r i m e n t a l  p r o c e du r e s u s ing Juni p e r  R i d g e  r o o k  samp l e s (il·!l!) 

A .  Qua l i t at i ve e xp e r i me nts (2J-�) 
B .  Quant i t a t i v e  c he m i c a l  ana ly s i s (l21·!2Z) 
c .  S p e o t ro o h e mi o a l  analy s i s  ( �08•!!!) 

V R e f e r e nc e s  

I N T RODUC T I ON 

I n  c o nn e c t i o n  w i t h  t h e  r e p o r t e d  o c c u r r e n c e ot t i n  in Or e go n o b s i d i an s ,  the autho r was 

i n s t r u o t e d  t o  u n d e r t ake a t h o r ough analyt i o a l  i nve st i gat i o n  t o  d e t e rmi n e the p r e s e nc e  o r 
a b s e nc e o r  t i n  in Juni p e r  R i dg e  r o o k s . 

Th e r e  i s  no s ingl e uni ve r sa l ly a c c e p t e d  m e t h o d  ot analy si s  t o r  t i n in any or a l l  i t s  
c o m p o un d s .  T h e  o h o i o a  o r  me th o d l l e s  � i t h  t h e  u s e r .  F o r  t h i s  r ea a o n ,  i t  wa s f o und n e o e s •  

sary t o  evaluat e t h e  d i ff e r ent known m e t h o d s  dur ing the c our s e  o r  t h i s i nvest i gat i o n ,  par­
t i c u l a r ly a s  eaoh a p p l i e s  t o  the p r e s ent p r o b l e m . A large nu mb e r or e nt i r e ly d i f f e rent 
metho d s  o r  tin analy s i s  wa s u s e d .  T h e s e  i n c lud e a s say i ng b y  f i r e  ( s me lt i ng o n  a s ma l l  s c a l e ) , 

c h e m i c a l  analy s i s ,  and s pe c tro s c o p i c  ana ly s i s .  Some ot the pr o o e dur e s  u s e d ,  and d e s c ri b e d 

h e r e in ,  w e r e  t e s t e d  at t h e  sugge s t i o n  o f  p e r s o n s  i n t e r e st e d  i n  the Juni p e r  R i dg e  p r o p e r t i e s .  

Qua l i ta t i ve C h e mi c al Ana ly s i s  

A su r vey o f  t h e  analy t i c a l  p r o c e du r e s u s e d  f o r  t h e  d e t e c t i o n  o f  t i n  d i s c l o s e d  a large 
numb e r  of p o s s i b l e pr o c e dur e s which  were weighed o n e  aga in s t the o th e r  t o  d e t e rmine whi ch  
w a s  mo s t  l i ke ly t o  y i e ld c o nc l u s i ve r e su l t a . 

In thi s i nve st igat i o n , Juni p e r  Ri dge r o o k  samp l e s  wer e to b e  analy z e d  C o r  t h e  pre s e nc e  
o r  a b s e nc e  o t ' t i n  i n  ani f o r m  o r  c o mb i nat i o n .  The analyt i c a l  p r o c e dur e o r  p ro c e dur e s  u s e d  
mu st d e t e c t  t h e  p r e s e nc e o f  t i n  when a s s o c iat e d  wi th the o th e r  c o n s t i tu ent s o f  t h e  samp l e .  

On t h e  o t he r  hand e a c h  ana lyt i c a l  p r o c e du r e  mu s t  n o t  y i e l d  a po si t i ve t e s t  t o r  tin a s  a 
r e s u l t  o f int e r f ering i nf lu e n c e s  o t  o t h er c o n s t i t u e n t s  in the samp l e ,  e v e n  tho ugh tin  o r  
l t s  c o m p o u n d s a r e  n o t  pre s ent i n  t h e  sampl e .  

F i f t e e n  d i f f e r e nt r eagent s o r  t e s t s  w e r e  s e l e c t e d  f o r  thi s inve s t i cat l o n .  rh e s e  r e ­
r..;; e n t s  w e r e  u s e d  t o  t e s t  s am pl e s o f  Jun i p e r  R i d g e  r o o k  t o  wh i c h  t i n had b e en a d d e d i n  t h e  
f o rm o r  m e t a l l i c  t i n  o r  a s  c o mp o und s o f  t i n .  T i n  w a e  a d d e d  s o  th e auth o r c o u l d  b e  c e r ta i n  
-�hat t h e  me ta l e x i s t e d  in the s amp l e p o rti o n s  u s e d f o r  t e st i ng the r e ag e nt s .  ,Four o r  t h e s e  
t e s t s  w e r e  c ho s e n a s  b e ing s p e c i f i c  f o r  t i n  w h e n  p r e s e n t  i n  Jun i p e r  Ridge r o c k ;  that 1 s ,  
n <l M  o f  t h e  c o n st i tu e nt s  i n  J un i p e r  Ri dg e r o o k  i n t e r f e r e d  with th e p o s i ti ve r e ac t i o n  f o r  

t i n  o f  a ny  o f  t h e s e  r e ag e nt s .  Further i nve s ti gat i o n  s h o w e d  t hat n o n e  o t  t h e s e  r eage n t s  

g a ve a p o s i t i ve r ea c t i o n  f o r  t i n  w h e n  u s e d  with samp l e s  o r  .Jun i p e r  R i dg e  ro c k  t o  wh i c h  t i n  
o r  c ompound s o r  t i n  bad n o t  b e en a d d e d .  
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Quant i t a t i ve C h e m i c a l  Analys i s  

One f i r e  a s s ay me tho d a n d  two wet- c h e m i c a l  metho ds  w e r e  inve s t i gat e d ,  u s i ng s tan dard 
samp l e s  o t  Jun� per  Ridge r o o k  t o  whi c h  me t all ic tin o r  c o mp o un d s  or t i n had b e en add ed , 

The r e a s o n  f o r thi s i nvestigat i on w a s  to d et ; rmine the r e l i ab i l i ty o f  the s e  me tho d s i n  
d e t e rm i n i ng quant itat i v e ly t h e  am ount of  t in a d d e d  t o  th e standard samp l e s .  

Spe c tr o graph i c  Analy s i s  

A numb e r  o f  diff erent m e t h o d s  o f spectral e x c i t at i o n  w e r e  u s e d  w i t h  standard sampl e s  
of Juni p e r  Ridge r o c k  to wh1 oh metal l i c  t i n  o r  c o m p o u nd s o r  U n  had b e en adde d ,  in order 
to d e t ermi n e  the low e st c onc entrati o n  o f � i n  whi c h  c o u l d  be  d e t e c t e d  by all o r the  s p e o tr o •  
graphi c method s  inve stigat e d , '· Quanti tative s p e c t r o gr� p h i c ana ly s e s  w � r e  ma d e  to  'de t ermi ne 
t h e  c onc entrat i o n  o f  t i n  in t'he s amp l e s  o f  Juni p e r  Ridge r o c k  as submi t t e d  f o r  analys i s ,  

I .  MET H O D S  O F  O B T A INING T I N  IN A KN OWN FORM 

A .  L i s t  o f  Me t h o d s  

The f o l lowi ng p r o c e du r e s  have b e e n  u s e d  f o r  o btaining tin  i n  a known f o rm t ha t  

is susc e pt i b l e  to  further t e s t i n 3  o r  i d e n t i f i c at i o n :  

1 .  B l o w  p i p e  fus i o n .  on  c ha r c o a l ,  o r  a m i xt u r e  c o mp o s e d  o r  o r e , p o ta s s ium  cyani d e ,  
o. nd 1 1  tharg e�9 

2 .  Fus i o n  o r  t h e  o r e ,  p o t a s s i u m  hydro xid e ,  and s o d ium p e r o x i d e  o r  carb o n ,  d e p e nd i ng 

upo n the na ture o f  t h e  o r e 1 9 , 8 0 , 8 1 
3 ·  For  o r e s  o f  h i gh c o p p e r  c ont e�t a. n i t r i c - hy d r o f l u o r i c - su l phur i c  a c i d  .treatment 

fo l l owed by a hy d r o c h l o r i c - ni t r i c  ac i d  e x t r a c t i o n  o r  r e s i du e and a sub s equent 
p o t a s s i um hy d r o x i d e  f u s i o n  is s o m e t i me s e mp l oy e d , 8 2 

4 .  A nitri c ac i d ,  a q ua regi a ,  p o t a s s i u m  b i su l f at e ,  s odium c arb onat e , p o t a s s iu·m 
t r a t s  t r eatment f o �  qua l i tative ·  analy e 1 e . 8 l 

5 ·  Fu s i o n  o r  a mixtur� o f  o r e , so dium c arb o nat e ,  and p o t a s s i u m  c yan 1 d e . 84 
6 . HydroohlorH.• sul phuri o  �o l d  di g e s ti on of' the samp l e , 84 , 8 ; , 86 , 9 5 , 96  
7 •  A l ka l i  11yan i d e f u s i o n  ' u s ing a" ·fi r e � c lay c ru c i b l e . 8 7 , 1 0 , 8 8 

n i -

8 .  �o dium p e r o xi d e  fusi on . B 9 , 16 
9 .  L o w  grad e o r e s  c o nc e n t ra t e d  and ' r e du e e d  iri t b  c harc o al b e f ore  a s say i ng . 90 , ;4 , 5 2 

10 • .  I n  pr e s e nc e o f  o r gan1 11 mat t e r ,  a K J e l da.hl dige s t i o n  fo l lowed by hy d r o g e n  sul f i d e  
i s  f r e q�ently u s e d , 9 1 , 92 

1 1 .  �·u s 1 o n  o f  a mixture of o r e , . s o d i um c arb o na t e ,  and sultur , 9 J , 94 , 9 7 
1 2 . F'u s 1 o n  o r  a m i xt�Are o f  o r e ,  sodium 11 ar b o nat e 1  and c hllrc o a t", 9.3 

lJ.  R e duc t i o n  by m e a n s  o f  hy d r o g e n , 8 0 , 50 
. 

(1!_) 

14 . R o a s t i ng o r e  in  Jac k Rabbit  furnac e . J4 , 6o , 6 1  
1 5 . R o a s t i n g  o f  a mixtu r e o r  o r e ,  c o ke ,  c oa l or  c ha r c oal i n  Jac k Rab b i t  f u r n ac e ! 7 • 6 0 • 6 1 • J4 
1 6 .  Roasting o f  o r e , charc oal , ' and limesto'ne m i xt u r e  ln Jac k Rab b i t  furnac e , l8 
17 .  Roasting a mi xture o f  ore and bo rax i n  a Jac k Rab b i t  turnao e . 57 
1 8 ,  R o a st ing a m i xture o f  o r e  and s o dium c arb o nat e in a Jac k Rabbit  rurnac e , 5 7 
1 9 .  R o as t i ng a mixture o f  o r e  and r e s i n  1rt a J a c k  Rabbit  furnac e , 60 , 6 l , J4 
20 . R o a s t i ng o r e  on a sage b ru s h f i r e . J4 , 1 7  
2 1 .  E l e c tro - th e r ma l  r e duct i on o f. o r e. u s ing c a rb o n  o r  graph i t e a r c  and a f lux , 5 7  
2 2 . Heat ing o r e with h o t  f a t  f o r  t h e pur po s e  Q r  c o agulat ing .s ma l l ,  metal l i c  t1n  par ­

t i c l e s . 6 0 , 6 1  
2 J . Roa s t i n g  mixture o f  o r e ,  c h a� c o a l , and augar s o lut i o n . l 7 
24 . D i g e s t i o n  o r o r e w i th c au st i c so.da s o lu t i o n ,  a c i d i fy i ng and e vap o ra t i ng to p r e ­

c i pi tate i n s o lubl e t i n  o x i 4e . 6 7 
2 5 .  Ro a s t i ng o r e  o n  wo o d  f i r e  f �l l o wad by o i l  f l o ta t i o n and pann i n g  the  o i l  f l oat 

c o n o e n t r a t e . J4 



C HEMI C A L  AND S P EC T&OCHEMI C AL ANALYSES 

2 6 .  Ro a s t ing samp l e  on wo o d  f i r e  f o � l o w e d  by o i l  fl o t a t i oq and sub j e c t i ng f l o at c o n• 
c entrate to  e l e c tro -therma l  r e du c t i o n  in c a r b o n  arc . 57 

2 7 .  Fu s i o n o f  o r e  sample  w i th potass ium cyanid•� 'and c up r i c oxide  mixtur e .  
28 .  Fu s i on o f  o r e ,  c har c o al , b orax g l a s s ,  and ·s o d ium c h l o ri de . 98 
2 9 .  Fus i o n  o f  ' sample and p o ta s s ium b i su l phate . 9 9 , 1 0 0  

JO . Fus i o n  o f  o r e  and var i o u s  f luxe s in a Whitton  b o mb .  
J l .  Fu s i on o f  o r e  and var i ous f l ux e s  i n  a Parr b o mb .  

I I . AN I N VE S T I GATI ON OF THE R � AC T I ON OF S OME AN ALYT I C A L  REAGENTS 

T h e  f i r s t  st ep taken in the l a b o rat o ry _1nve s t 1 gat i o p  was to d e t e r m i n e  what s p e c i fi c  
t e s t s  f o r  the · pr e s enc e of  t i n  ar e ·the mo st s e n s i t i ve and r e Uab l e  when u s e d  o n  standards  

p r e par e d  by adding tin  to Juni p e r  Ri dge r o c k .  

A survey o f  the 1 1 t e rature 7 1 , 14 , 2l , J 5 , 4 2  d i s c l o s e d  a large numb e r o r  di f f e rent r e ­

agent s and c h e m i c a l  t e s t s  u s e d  t o r  the .  detection  o f  t i n  o r  i t s  c o mp o und s .  The ma Jority 
o f  the s e  depen,d upo n the reaa· h on 'o r the  r e a g-e nt with stann o u s  o r  s tanni c. i o n s in an 

aqueous  so lutiOJl•  

A.  Reage nt s c h o s e n  

t e s t s  w e r e  s e l e c t e d  as  b e ing t h e  mo st promi s -1 .  The  f o l l o w ing f i f t e en r � a g e nt s o r  

i ng .  
1 - c ac o the l ine 3 1 4 9 , 4 7 , 2 3, JJ, 5 5 , l  

2 - mo lyb d ic ac i d lO l , 7B , l l l  
8 •  mercuric  c h l o r i de l 08 , l O , , l lO , l l l • 2 7 , 6 6 , 1 1 2  
9 - mercur i c  c hl oride  and a.ni l ine l l 3, 73 

3- f e r r o u s .  d imethylglyoxime4 7  1 1 0 2 
4 - .  �mmoni�m pho s phomo lybda.t e l 02 
5- dia.zene  gre en4 7 , 1 03 , 1 9  
6 - -f lam e te stl04 , l0 5 , l 0 6 , 5 l , 64 

1 0 •  
11 -

. 1 2 -

s o d ium n1tr o p�u s s i d e 2 2 
ph o s ph o m o lyb d i c  ac i d24 
p h e ny l a r s o n i c  ac i d l08 , l0 7 , 4 6 , 1 J , 45 , 44 

U r i c  a. c i d6J 
7- r e s o rc ino 1 1 0 7 , 9 

1 5 -

l J-
14- n i t r o p h e ny l a. r s o n i o  ao i d 74 

hydr o g e n  s u l f i de l l4 , 2 0 , l l 5 , 1 1 6 , 2 7 , 1 1 7 

2 . The s e l e c ti o n  o f  th e s e  r eagents wa s b a s e d  o n  r e a s o n s  as f o l i o w s : The acc ep-
tanc e o f  t h e  r e agent a s  sh own by its  u s e  o ve r  a numb e r  o f  years by var i o u s  s c i e n ­

t i s t s  w orking on un r e lat e d  pro b l e ms ;  the  avai lab i l ity and s t ab i l i ty o f  the  r eagent ; 
t h e  s pe c i f i c natur e o f  the r e agent :l,n t1u1 pre s enc e o f  other  i ons ; the s e n s i t i vi ty 
of t h e r e ag ent f o r  d e t e c t i n g  e i t h e r  large or s ma l l  c o n c e ntrat i o n s  o f  t i n  under 
ordinary l ab o rat o ry c ondit i ons ; and th e ab i l i t y  o f  th e r e agent to  i nd i c at e the 
pre s eno e of t in wi thout the n ee e s s i ty o f  a !\11 11\b e r  � f  s e parat i ons  of tin from the 
o t h e r  e l e ment s in t h e  samp l e  w i t h  :th e sub s e quent dange r of lo ·s s  of tin duri ng t h e  

s e parat i o n s .  

a .  Me tho d s u s e d  in t e s t ing r eagents 

1 .  S tandar d s o lut i o n s of  tin in hydrochlori c  a c i d  
Th e f ifte en s e l e c t e d  r e ag e n t s  a n d  t e s t s  w e r e  tested  by using standard s o lu­

U o n s  pr e pared  by d i s s o lving c . p .  s h o t - t i n  in hydro c h l o r i c  a c i d .  The  standard 
s o lut i on s c o vered a. range of concentrat i o n s  f rom 5 • 0% t in to 0 . 05',1£ tin in st e p s  

o f  · o . 05%· M e t h o d  1 .  A unit vo lume ( 5  ml . * )  o f  e a c h  d i f f e r e nt s tandar d s o lut i o n  

w a s  t e s t e d  a t  l e a st twi� e b y  eac h  d i f f e r ent r eagent i n  t h e  m e t h o d d e s c ribed  unde r 

the  d i r e ctions  f o r  the  u s e  o f  that part i c u lar reagent . Method 2 .  T h e  t i n  i n  a 
unit  vo lume o f  eac h standard  solution wa s p r e c ipitat e d  by hydrogen sulfide  and 
the r e s u l t i n g  p r e c i p i t a t e  was c o nc entrated by c e nt r i fuging and r e d i s so lving ,  and 

* ml . - mi l l i l it e r .  On e - t h o u sandth. l i t er ,  or practically e q u i va l e nt to  a cub i c  c ent i m e t e r  
( . O J38 l47 ounc e liq u i d measur e ) .  

(JZ) 
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e a c h  r e a g e nt wa s  u s e d  t o  t e s t  t h e  r e s u l t ing s o lut i o n .  

2 .  S t andard mixtur e s  o f  t i n  and Jun i p e r  Ri dge r o o k  

a .  Samp l e  I and sampl e VI I w e r e  s e l e c t e d  a s  b e i ng r e 9r e s e n tat i ve o f  t h e  two 
ma i n  typ e s  of Jun i p e r  Ri dge r o o k .  The s e  two samp l e s  w e r e  p r e par e d  a s  d e s o ri b a d  
und e r  samp l i n g  {Jl) and w e r e  � f appro x i mat e ly 100 me s h  part i c l e s i z e .  Eac h o f  
the se  samp l e s  wa s u s e d  a s  t h e  mat r i x  mat er i a l  i n  t h e  p r e,parat i o n  o f  s a m p l e s  
c o ntai n i ng kno wn o o nc entrat i o n & o f  t in a d d e d  a s  m e t a l l i c  t i n  o r  known c o mp o und s 
o f  t i n .  

b .  F o u r  s e r i e s  o f  s tandard sampl e s  o f  t i n  i n  e a c h  o f  t h e s e  b a s e  mat e r i a l s 
w e r e  p r e pa r e d . Eaoh s e ri e s  o o nt a i n e d  s tanda r d s  who s e  t i n  o ontent w e r e  5 · 0%, 
) . o%,  l . O%, 0 . 5"' o . )%, 0 . 1", and 0 . 0 5"• T h e  f o l l o w ing f o rm s  of tin w e r e  u s e d  
f o r  t h e  p r e parat i o n  o f  t h e  e t andards : ( 1 ) s h o t - t i n ,  ( 2 ) stanni c o x i d e ,  ( 3 )  
c a s s i t e r i t e ,  and (4 ) s tann i t e . The s tandar d s  c o nt a i n i ng c a s s i t e r i t e  and th e 
standa r d s  c o ntai ning s tann i t e  we r e  no t a s  a o ourat e ly p r e pa r e d  a s t h e  standa r d s  
c o nt a i n i ng s h o t - t i n  and t h e  s t andards c o ntai n i n g  s tannic o x i d e , but i t  w a s  
thought t h a t  the s e  natura l ly - o c c u r r i ng f o rms of t in sho u l d  b e  u s e d i n  t h e  
pr e parat i o n  o f t h e  s t andar d s .  S p e c trographic analy s e s  l a t e r showe d  that t h e s e  
standa r d s  w e r e  o f  s u f f i c i e n t  ac curacy f o r  t h e  pur p o s e  f o r  wh i c h  t h e y  w e r e  u s e d .  
T h e  p r o c e du r e s  u se d  i n  t a s t i n g  t h e s e  s tandar d  m i x tu r e s  wi l l  b e  d e s c r i b e d  und e r  
III , "Exp e r i mental P r o c e dur e s  Us ing St andard M i x t u r e s  o f  T i n  a n d  Juni p e r  R i dg e  
R o o k . " 

c .  S e l e c t i o n  of r eage n t s  s u i t ab l e  f o r  furth e r  e x pe r i mental w o r k .  

Fr o m  i n f o r mat i o n  gain e d  b y  a study o f  th� r e ac t i o n s  o f  the f i ft e en r e ag e nt s and 
t e s t s  on the pr e par e d  s t andard mixtur e s  of J uni p e r  Ridge r o c k  c o nt a i n i ng known c o n­
c e nt r.ati o n s  o f  t i n ,  f o u r  r e agents w e r e  s e l e c t e d  a s  b e i ng su p e r i o r  t o  the o th e r s  f o r  
t h e  purpo s e  o f  t h i s pa r t i c u lar i nve s t i gati o n .  Th e s e  r e agent s w e r e  s e l e c t e d  b e c au s e  
o f  t h e i r  s en s i  t i  v i  ty , s t ab i l 1  ty o v e r  a p e r i o d  o f  tim!!, sharp c o  l o r  c hange s ,  and b e ­
c au s e  t h ey a r e  s p e c i f i c  i n  t h e  d e t e c t i o n  o r  t i n  whenev•r thi e e l ement o r  i t s  c o m­
p o u n d s  is p r e s ent in Jun i p e r  Ridge r o c k .  The r e agent s s e l e c t e d  w ar e : ( 1 ) c ac o th e l ­
i n e , ( 2 ) m o lyb d i c  ac i d ,  ( 3 ) m e r c ur i c  c h l o r i d e  and ani l in e , and ( 4 ) d i a z ena gr e e n .  

I I I .  EXPERIMENTAL P ROC EDURES U S I N G  ST ANDARD MIXTURES O F  T I N  I N  J UNI PER R I DGE ROCK 

A .  D i g e s t i o n  o f  s a mp l e w i t h  hyd ro ch l o r i c - su l phur i c  ac i d  m i x t u r e  

I n  t h e  d e c o mp o s i t i o n  o f  mat e r i a l s c ontai ni n g  t i n  i t  i s  ne c e s sary t o  taka p r e ­
c au t i o n s  t o  avo i d  t h e  l o s s  o f  t i n  d u e  t o  vo l at i l i zat i o n  o f  t i n  c h l o r i d e  w h e n  a hyd r o ­
c h l o r i c  a c i d  s o lu t i o n  o f  t h e  m e ta l  i s  h e ate d .  H .  B .  Know l e s  f o und that no l o s s  o f  

(2.§_ )  

(J2) 

(40 ) 

t i n  o c c u r s  wh e n  d i lute hyd r o c h l o ri c  ac i d  s o lut i o n s  c o ntaining t i n  a r e  b o i l e d  i f  
s u l ph u r i c a c i d  i s  p r e s e nt i n  the s o l u t i o n ,  e ve� i f  the s o l ut i o n  i s  b o i l e d  t o  fume e ! l 8 , B 6 
F o r  t h i s r e a s o n  su lphu r i c  ac i d  was a d d e d  to a l l  hy dro c h l o r i c  ac i d  s o l u t i o n s  in whi c h  
t i n  w a s  o r  mi ght b e  pr e s ent . 

1 .  A 0 . 5 gram. po r t i o n  o f  e a c h  p r e par e d  s tandard c o nta i ni ng s h o t - t in wa s t r e at e d  ( 4 1 ) 
w i th 5 m l .  o r  hy d r o c h l o r i c � s u l phurio ac i d  m i x t ur e .  

2 .  T h e  ac i d  mi xtu r e  c o ntaining the s tandar d  wa s b r o ught t o  g e nt l e  b o i l i ng and h e l d (� ) 
at t hat t e mp e ratur a f o r  o n e  m i nut e ,  then k e p t  in a h o t  wat e r bath t o r  f i ve a d d i -
t i o nal m i nut e s .  A t  t h e  end o f  f i ve m i nut e s  i n  t h e  wa t e r  b a t h  the s o l ut i o n  wa s 
s e parat e d  f r o m  t h e  r e s i du e  by c e n t r i fuging ,  the fi l trat e was e vap o r a t e d  t o  a vo l -
u m e  o f  1 m l .  whi c h  wa s t hen u s e d  t o r  a t in t e s t  u s i ng o n e  o f  t h e  fi f t e e n  s e l e c t e d  
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b e i n g t h e  mo s t  p r o mi s i n g .  Eao b  p r e parat i o n  o r  t e s � · s o lut i o n  and e a c h  analyt i c a l  

r e ag ent t e s t  w a s  r u n  i n  d u p l i c a t e . 

3 ·  The a b o ve p r o c e dur e was r e p e at e d  � o  the po i n� o f  b r inging t h e ac i d  mi xtur e 

c o nt a i n i n g  t h e  s�anda rd to b o i l
,
i ng and � h e  s o lut i o n  was l et� t o r  24 h o ur s at 

r o o m  t e mp e ra t u r e  in  a m e c ha n i c al agi �at o r .  A� � h e  e n d  o f  t h i s p e r i o d o f  l e ach-
i n g ,  t h e  s o l u t i o n wa s c e nt r i fu g e d  and c o nc entrat e d ,  by b o i l ing, t o  a vo lume of 
1 ml . and t h e  c o n c e nt rat e d  s o l ut i o n wa s t e s t e d w i t h  an analyt i c a l  r e age nt . Eac h 
p r e parat i o n  o r  t e s t  s o lu � i o n a n d  eac h ·  or t h e  f i f t e e n  analyt i c a l r e a g ent s w e r e  

r u n  i n  d u p l i c a t e .  

(!f1:.!.) 

� . a .  Th e p r o c e du r e  de s c ri b e d  i n  (�) wa s r e p e a t e d  and af t e r  t h e  d i g e s t i o n  in (�) 
the h o t  wat e r  b a t h  the s o luti o n · wa s c e nt r i fu g e d ,  c o nc entrat e d  t o  a vo lume o r  

1 m l . a n d  c o o l e d .  T h e  p H  o f  the c on c entrat e d  s o lut i o n  wa s ad Ju st e d and �he 

t in was p r e c i pi ta t e d  ac co r d i ng to s tandar d an aly� i ca l  procedure s . l l 9 , 12 0 , l2 1  
Th e pr e c i p i tat e was c e nt r i fu.g e d v  •·a sh e d , d i s s o l ve d  and t h e  ti n wa s r e p r e c i p i •  

tat e d  a s  t i n  s u l ph i d e s ,. The  sulphide s w e r e  d i s s o l v e d  and th e s o l u t i o n  e vap o -

rat e d  t o  a vo lume o r  l m l .  and t e s t e d  fo r t h e  pre s enc e o f t i n  u s i ng o n e  o f  the 
s e l e c t e d  analyt i c a l  r e agent s o  Thi s pro c e du r e  was r e p e at e d  i n  du p l i c ate with 
each of the d i f f e r e n t  s t andards c o nt a i n i ng s h o t - t i n  and e ac h  of t h e  r e maini ng 

f o u r t e e n d i f f e r ent ana lyt i c a l  r e agent s .  

b .  T h e  s am e  s e r i e s  o f  t e s t s  �as r e p e a t e d  u s ing the 1 mi . s o lut i on o bt ai n e d 

by c o nc e ntrati ng t h e  r o o m  t e mp e rature l ea c h  as d e s c r i b e d  i n  (�) . 

B .  Blowp i p e  f u s i o n s *  o n .!.��!l.!!'.!iill.� 

1 .  Samp l e s  I ,  I ! ,  l l i p  IV,  v, VI ; and VI I w e r e  ana ly z e d t o r  the p r e s e nc e o f  

su l phur and we r e  f ound t o  b e  s u l phu�w f r e e o  The r e f o r e , o n ly tho s e  s tandar d s  i n  

wh i c h t h e  t i n  had b e e n  a d d e d  a s  s h o t - t i n ,  stanni c o x i d e ,  o r  c a s s i t e r i t e  w e r e  u s e d  

i n  t h e f o l l o w i ng s e r i e s  o f  t e s t s .  

(!!.!!,) 
<!:2> 

2 .  A o .  5 mg.  samph o f  eac h ind : hridua.l m e m b e r  o f  e ac h o f  t h e  thr e e  s e r i e s o f  (!±.§_) 
s t anda r d  samp l e s  ment i o n e d  ab o ve w a s  sub J e c t e d  t o  t h e  ac t i o n  o f  t h e  r e duc ing p o r-
t i o n  o f  a b l owp i p e  f l ame . Eve ry samp l e  wa s t u s id on a car b o n  b l o c k  w i th ea c h o f  

t h e  fo l l owing f lu x e s �  ( l )  p o ts. n i u m  cyani d e ,  ( 2 )  a, mixture o f  p o t a s s i um cyan i d e 
and l i thar g e , ( 3 )  a m i xtur e o f  p o t a s s ium cyan i d e  and s o dium c arb o nat e ,  ( 4 ) a m i x -

t u r e  o f  p o t a s s i u m  cyan i d e  and p o t a s s i u m carb o nat e ,  { 5 )  a m ixtu r e  o f  p o t a s s i um 

cyani d e ,  s o d i u m  c arb o nat e ,  and p o ta s s i um c ar b o na t e ,  { 6 )  a mixt u r e  of p o t a s s i u m  

cyani d e  a n d  b o rax , ( 7 )  a m i xtu r e  o f  po ta s si um cyan i d e  a n d  c u pr i c  o xi d e , ( 6 )  a 
m i xtu r e  o f  po t a s sium cyan i d e ,  cupr i c  o xi d e , and b o rax , ( 9 )  s o d i u m  oarbonate , 
{ 10 )  charc o a l ,  ( 1 1 )  a m ixtur e o f  p o ta s s ium c yan i d e  a n d  o haro o a l , ( 1 2 )  b o rax. 

3 · a .  The f u s i o n mixtu r e  r e su l t i n g  f r o m  e a c h  f u s i o n was t r e a t e d  i n  t h e  f o l low-

i ng manner ; t h o  fu s e d  11a s s  was c ru s h e d  i n  an agate m o r tar and the e nt i r e  

c ru s h e d  samp l e  wa s t r e a t e d  a s  d e s c r i b e d  i n  (�) . T h e  r e sult i ng 1 m l .  o t  so lu­
tion wa s t e s t e d for the p r e s e nc e  o f  tin u s i ng o n e  o f  th e f i f t e en ana lyt i c al 

re age n t e .  T h i s pro c e dur e w a s  r e p e at e d  t o r  e a c h  o f  t h e  f i f t e e n d i f f e r ent
, 

ana­

lyt i c a l  r eagent s and each f u s i o n  and t e s t  was run in dupl i c ate . 

b .  The  ab o ve fusi o n s  w e r e· r e p e a t e d  and the f u s i o n  mi xtur e e  w e r e  tr e at e d a s  

d e s c r i b e d  i n " (il ) , a n d  e ac h  re sulting s o lut i o n  w a s  t r eate d w i t h  o n e  o f  the 
f o ur t e e n d i f f e r e nt analyt i c a l  r e agent s o  T h i s p r o c e dure wa s r e pe a t e d  f o r  e a c h  

o f  t h e  f o urt e en d i f f e r ent analyt i c a l  r eagent s and e a o h  f u s i o n  and e a c h  t e a t  

w a s  run i n  dupl i o at e o  

* Thr oughout the r e p o rt t h e  t e rm fu s i o n  i s  u s e d t o  d e s i gnat e t h e  r e s u l t  o r  sub J e c tio n o t  a 
s amp l e o r  mi xtur e o f  s am p l e  and other  sub s t an c e s  t o  t h e  i n f l u e nc e o f  h e at i r r e s p e c t i ve o f  
t h e  phy s i c a l c o nd i t i o n  o t  the heated samp l e .  

(�) 
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4 .  Th e s e le c -t i o n  o f  t h e  f o ur ana lyt i c a l  r e ag e n t s  c a c o th e l 1 ne , m o l yb d i c  ac i d ,  (�) 
m e r c u r i c c hlo r i de w i t h  a n i l i n e , and d i a z en e  g r e e n  was b as e d on the r e su l -t s or 
t h e s e  s e r i e s or t e s t s .  I t  wa � c o nc lu d e d  that c o n c e nt rat i o ns o f  t i n  i n  sampl e s  

that a r e  f a r  b e low the grade o f  C o mm e r c i a l  o r e  c an b e  d e .t ec t e d w i t h  c e r-tai nty, 
and that the c o n c e ntrat i o n  of thi t i n  by th e hy d r o g e n  su l p h i d e  pr e c i p i tat i on 
pr o c e dur e s l i ght ly i n c r e a s e d  the s e n s i t i vi ty of t h e  t e s t s .  I t  wa s a l s o f o und 
'\hat mo r e  s a t i s f a c t o ry r e s u l t s  w i t h r egard t o  s e n s i t i vi ty and s p e e d  of analy s i s 

w e r e  o b ta i n e d w i th t h e  s a m p l e s  w h i c h  had b e en b o i l e d  and t h e n  d i ge s te d i n  a h o t  

wat er b a t h  t h a n  w i t h  tho s e  s am p l e s  wh i c h  had b e e n  s u b j e c t e d  t o  a 2 4  h o u r  l e a c h  

at r o o DJ t e m p e rature . 

5 · Analy t i c a l  pr o c e dur e s  ad o pt e d  

T h r o u g h o u t  thi s inve s t i ga t i o n  f o u r  d i f f e r e nt g e n e ra l  ana l y t i c a l  p r o c e dure s 

w e r e  u s e d .  T h e s e  pr o c e dur e s  a r e  as f o l l o w s : 

Analy t i c al Proc e dur e  N o . 1 

The samp l e  o r  m i x t u r e  to b e  analy z e d  f o r  tin i s  d i g e s t e d with a hy d r o ­

c h l o r i c - s u l phu r i c  ac i d  mixtur e by b ring i ng t o  a g e nt l e  b o i l  f o r  o n e m i nut e 

and then p l ac i ng i n  a. h o t  wat e r  b ath f o r  f i ve mi nut e s .  A t  t h e  e nd · o r  f i ve 
m i nu t e s i n  th e tta t e r  b at h  t h e  s o l u t1. o n  i s  s e parat e d f r o m  t h e  r e s i du e  by c en ­
tr i f ugi ng . T h e  f i l t r at e  i s  e vap o r a t e d  t o  a vo lume o f  one m l . wh i c h i s  t h e n  

t e st e d  f o r  t h e  pr e s e n c e o f  tin u s i ng each of  t h e  f o l l owing t e s t  r e ag e n t s :  

( 1 )  c a c o th e l i n e ,  ( 2 )  m o lyb d i c  a c i d ,  ( 3 )  d 1a z e n e  g r e e n ,  and ( 4 )  m e r� ur i c c h l o ­

ride  a n d  a n i l i n e .  

Analyt i c a l  P r o c edur• N o .  2 
Th e samp l e o r  m i xtur e i s  panned d o wn and t h e  con c e nt r a t e  e xami n e d  w i th 

t h e  a i d  o f  a mi c r o s c o p e t o  d e t e r mi n e  t h o  p r e s e n c e o r  ab s e n c e o r  m e t a l l i c  
part i c l e s .  

(,22} . 

Ana lyti c a l  P ro c e du r e  N o . 3 (i!)  
T h i s pro c e du r e  i s  i d e n t i c a l  t o  Ana lyt i c a l  P r o c e du r e  No . 1 t o  t h e  po i n t 

w h e r e the f i l t r a t e  i s  c o nc entrat e d  t o  a vo lume o f  1 ml . At t h i s p o int the 

pH of t h e  c o nc entrat e d  s o l u t i o n  i s  a d ju st e d  a c c o r d i ng t o  s tanda r d  qua l i ta­
t i ve a na ly s i s pro c e dur e s  f o r  t h e  analy s i s o f  gr oup I I  o f  t h e  c a t i o n s  and t h e 

t i n  i s  p r e c i p i ta t e d  by m e a n s  o f  hy d r o g e n  su l f i d e .  T h e  p r e c i p i t at e d  s u l ph i d e s  

a r e  wa s h e d , d i s s o l ve d ,  and t h e  t i n  r e pr o c i p i t at e d  as t i n  s u l phi d e s .  The 
s u l ph i d e s  are r e d i s s o l v e d ,  the s o l ut i o n  e va p o r at e d  t o  a vo lume or 1 ml . and 

t h i s s o lut i o n i s  t e s t e d  f o r  t h e  pr e s e nc e or ab s e nc e of t i n  u s i ng e a c h  or t h e  

t e s t r e ag e nt s  l i s t e d i n  Ana lyt i c a l  P r o c e du r e  N o .  1 .  
Ana lyt i c a l P ro c e dure No . 4 

T h e  samp l e  o r  m i xtur e to b e  analy z e d  f o r  t i n  i s  d ige s t e d wi t h  a hydro ­
c h l o ri c - su l phur i c  ac i d  m i xt u r e  a s  d e s c r i b e d  in A�aly t i c a. l  Pr o c e du r e  N o . 1 (�) . 
lt t h e  e nd o f  t h e d i g e s t i o n  p e r i o d  t h e  c o n t e n t s  o f  t h e  d i g e s t i o n  c o ntai n e r  

ar e c e nt r i t' u.g e d , t h e  r e s i du e l a b e l e d  " R  - 1 11 and the f i l tr a t e  lab e l e d  "F - 1 11 • 
T h e  f il t r at.e ( F  ·- 1 ) i s  c o nc e ntrat e d  by b o i l i n g  t o  a volume  of 2 5  m l . and 

a f t e r  a l l owing t o  c o o l  any pr e c i p i ta t e d  ma t e r i a l  i s  c e n t r i f�g e d  off and t h e  

f i l t ra t e  is l ab e l e d  "F - 2 " .  Re s i du e  (R  - 1) is  d i g e s t'e d with 25 m l . o t  hyd r o -' . 
c h l o r i c - su lphu r i c  ac i d  m i x t u r e i n  t h e  mann e r  d e s c r i b e d  i n  Analyt i c a l  P ro c e du r e  
llo . 1 a n d  t h e  u e s u l ti ng f i l t ra t e  i s  a d d e d  t o  f i l t ra t e  ( F  - 2 ) an d l a b e l e d  

" i  - 3 " •  S o lut i o n ( F  - 3 ) i s  c o n c entrat e d  t o  a vo l u m e  o f  5 ml . b y  b o i l i n g ,  

c e n t r i fuge d a n d  the f i l t rat e l ab e l e d  "F - 4 11 •  A p o r t i o n  o f  f i l t r a t e  ( P  - 4 )  
i s  t e st e d  by m e an s  o f  t h e  t e s t  reagents l i s t e d  i n  Ana l y t i c a l  P r o c edure No . 1 

and an o t h e r p o r t i o n  o f  ( F  - 4 )  1 s  t e s t e d  ac c o rd ing t o  Analytical  P r o c e dur e 

No . 3 · 
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I V . EXPERIMENTAL  PROC E D URE US I NG J UN I PER RI DGE ROCK S AMPLES 

n o  ,·:::,�1a l i tat ive analrs 1 s  

L Dige stion  o r  sampl e s  with hrdro chlo r i c - sultur i c  ac i d  m i xture 

a .  J uni p e r  Cl.1dge samp l e s I ,  I I ,  I I I ,  I V, V, VI , VI I ,  VII I ,  IX ,  X ,  XI , X I I , Xl l i ,  
�IV, ,  XV w e r e  u s e d  and each  exp e riment was c arr i e� out in  dup l i c at e .  

b .  ( 1 )  Eve ry samp l e  (�) was t r e a t e d  acc o rd i ng t o  the  pro c e du r e  d e s c ribed  i n  

Ana lyt ic al P r o c edure N o . 1 (�) . 

( 2 )  Eve r7 sample (�) was treated  ac c ording t o  t h e  pro c e dure d e s c r i b e d  in 
Analy t i c al Proc e dure N o .  3 (2!) t o  the p o int wh e r e  tin su l ph i de s woul d  
pr e c i p i tate i f  t i n  were  p r e s ent . Ti� sul ph i d e s  were n o t  o btained ln any 
pf t h e s e  t e s t s .  

c .  Re su l t s : Th e pre s enc e o f  tln  was  not  de t e c t e d in any o f  the s e  t e s t s . 

(.21. .1 

(.�} 

2 . B l owpi pe  f usi o n s  o n  c arb o n  bl oc ks (iZ) 
a .  Sam p l e s  I ,  I I ,  I I I ,  I V, V, VI , V I I ,  VI I I ,  I X ,  and X were us ed  and each expe r i •  (�) 

ment w a s  carri e d  out in  d u p l i c a t e o 

b .  Each  s amp l e  was m i x e d  w i t h  e a c h  o f  t h e  f luxe s  l i st e d  in (�} and each tu s l o n  ( 22) 
w a s  c arri e d  o u t  i n  dup l i c ate . 

c .  ( 1 )  One o f  e a c h  f u s i o n  mi xture wa s tr e a t e d in the manner d e s c r i b e d  ln Ana lyt• ( 6 0 )  

i c al P ro c e dur e No . 1 (�) . 
(2)  One o f  e a c h  f u s i o n  mi xture was t r eat e d  in  t h e  mann e r d e s c rib e d  ln Ana lyt •  

i c a l  Pr o c edur e No . 3 (2!) t o ' the po i nt where  tin  sulph i d e s  wo u l d  pre c i p i ­
t a t e  i f  t i n  w e r e  pre s ent . T i n  sulph i d e s  w e r e  n o t  o b ta i n e d  1 n  any o f  t h e s e  
t e s t s .  

d .  R e su l t s : T h e  pre s en c e  o f  ti n wa e n o t  d e t e c t e d  in  any o f  tne s e  t e s t a .  

) .  F u s i o n s  in  c ruc ib l e s  

a .  Open f lame heat s our c e  

(� )  
(�) 
(§..l ) 

( 1 )  Sampl e s  1 1  I I , I I I ,  I V, v, VI , VI I ,  V I I I ,  IX,  and X w e r e  u s ed ln the e e  (�) 
s e ri e s  o f  t e s t s  and each samp l e  was run i n  t r i p l i cate with each f lux em-
p l oy e d .  

( 2 )  T h e  f o l lowing .f l ux e s w e r e used ; ( 1 )  p o ta s s i um cyanid e ,  ( 2 )  a mi xtur e (�) 
o f  po tas s ium cyan i d e  and so dium c arbonat e , { 3 ) a mixture o f  p o t a e s1um cya-

n i d e  and potass ium carb o nate ,  ( 4 ) po ta��i um c arbonat e , ( 5 )  a mi xture of 
s o d i u m  c arbonate and sodium pero x i d e ,  ( 6 )  a mixture of s o dium hy droxi de  
and s o d i u m  p e r o x i de , ( 7 ) c harc o al , ( 8 )  charc oal  m i x e d  i n  a aaturat ed so lu• 
t i o n  o f  sugar , ( , } p o t a s s ium hydro xide and ni 1ric ac i d ,  ( 10 )  po tas sium 
b i s u l phat e ,  { 1 1 ) char c o a l ,  s o dium b i c a r b o na t e

,
f l o ur and c o ve r e d w i th a 

s o d i um chloride  lay e r ,  ( 12 )  b o rax, ( 1 3 )  a m i xture o t  borax and c upri c  oxid e ., 
{ 14 )  a m i xtur e o f  potass ium cyanide  and l i tharge , (1 5 )  a mixture o r  s o dium 
hy d r o xi d e  and c ar b o n ,  ( 1 6 )  a m i xture of s o dium carbonate and sulphur , ( 1 7 )  
a mixture o f  a o d ium c arbonate and c arbon,  and { 1 8 )  metallic  alumi num p o wd e r .  

( 3 ) T h e  heat f o r  th e fu s i o n s  w a s  obtained b y  m e an s o f  a M a k e r  b l a s t  l amp ( 66 ) 
w i t h  laboratory ga s and c o mpr e s s e d  a i r .  No ac curat e t e mp e rature c o nt r o l 

was unde rtaken. .C o o r s p o r c e lain c ruc i bl e s ,  n i c ke l  c ruc i b l e s ,  f i r e c l ay 

c r uc i b l e s ,  o r  iron  c ruc ib l e s  were  u s e d  d e pending upon the natur e o f  the 
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f lu x .  A l l  o f  th e s e  c ruc i b l e s  w e r e  c o ve r e d w i t h  a t o p  . ma d e  o f  t h e  s a m e  
mat e r i a l  a s  the c r u c i b l e  e x c e p t  i n  the c a s e  o f  t h e  f i r e c l ay c ruc i b l e s .  
T e n g r ams o f  s amp l e  w e r e  us e d  f o r  each f u s i o n .  B e c au s e  o f  the c o r r o s i ve 

a c t i o n  o f  s o m e  of the f l ux e s  u s e d ,  the nat u r e  and t i m e  o f  h e a t i ng 1v e r e  not  
t h e  same f o r  a l l  o f  t h e  heat . t r e a t m e nt s .  ihen t h e  m i x t u r e  t o b e  heat e d  
d i d  n o t  atta c k  a p o r c e l a i n  c ruc i b l e thi s t � p e  o f  c r u c i b l e and c o ve r  wa s 

u s e d  an,d t h e  burner  f l,am e  w a s  ad j u s t e d  t o  k e e p  the o u t side o f  t h e  c ruc i b l e  
a t  � ·  b.J. i gh:t r e d  c o l o r  f o r · a. p e r i o d o f  o n e  h o u r .  I n  tho s e  h e at treatm e n t s  
whe r e  c o r r o s i v e  f l u x e s  we r e  u s e d  t h e  s e l e c t i o n o r  t h e  type o f  c r uc i b l e  to  
h o l d · 'the ''lflla rge w a s  b a s e d  o n  t h e  r e s i stanc e o f  t h e  c r u c i b l e  to that par ­
t i c u l�r f u s i o n  mi x t u r e . The c ru c i b l e  and c harge w e r e  h e a t e d  unt i l  the 
o ut s i g e  .p f .  the c r u c i b l e  w a s  a du l l  r e d  c o l o r  and the  b u r n e r  f l a m e  c o n t r o l l e d 

t o  k e e p  th i � � em p e �atu r e  f o r as l o n g  a p e r i o d  as  that part i c u l a r  c ru c i b l e  
w o u l d  wLtl:lst an·d t h e  ac t i o n  o f  the c ha r g e  w i t h o u t  b r e ak i n g .  N o n e  o f  the s e  
h e a t i n g  p e r i o d s  a x c e e d e d  o n e  h o u r . 

( 4 ) ( a )  O�e o r  e a c h o f  the  1 8  fu s i o n mi xtur e s  (�2) w a s  pnnn o d  down and (§_Z) 
the c o n c e n t r a t e s  were e xamine d w i th the a i d  o f  a b i n o c ular m i c ro sco p e . 
Part i c l e s  o f  metal  w e r e  d e t e c t e d  i n  t h e  f u s i o n s  to  �hich a me t�l o xi d e , 
s e rv i ng as a t i n  c o l l e c t o r ,  had b e e n  adde d . T h e  c on c e nt rat e s  we re 
t e s t e d  f o r  the p r e s e n c e o f  t i n by Analyt i c a l  P r o c e dur e No . l (�) . A 

s l i gh t ly mo d if i e d pr o c e du r e  was u s e d  i n  an a l y z i n g  t h e  c o n c e n t r at e s  

o o n,t.� in � ng m e t a l  d e r i ve d  f r o m  the m e t a l  o x i d e s  added t o  t h e  fu s i on 
m i xt ur e .  

( b )  A n a lyt i c a l  ? r o c  edure N p . 3 (,i!) was n o t  e mp l oy e d  b e c au s e  t i n  s u lf i d e s  
w e r e  n o t  pre c i p i t at e d .  

( e )  Z a c 4  o f  t h e  two  r e m a i n i n g  f u s i o n s  o f  each fus i o n  mixtur e wa s 

t r e a t e d  i n  the f o l l o w i n s  mann e r : Th e c o nt en t s  o f  t h e  c ruc ib l e s  we r e  
� e m o y e d  b y  me c han i c a l or c h e mi c a l  me tho d s  and plac e d  in  a o e a k e r  o f  
wa t e r .  Af t e r  a c i d i fy i ng w i t h  a hydr o c h l o r i c - s u l phur i c  ac i d  mi xtur e ,  
t h e  b eaker  c o n t e n t s  w e r e  t r e at e d  ac c o r d i ng t o  Ana lyt i c a l  2 r o c e d u r e  

llo . 4 (_E) . , Tin su l phi d e s  w e r e  no t o u tai n e ci  b y  An a l yt i c a l  P r o c e du r e  
lio . 3 (.2.! ) •  

( 5 )  rt e su l t s : Th e p r e s e nc e  o f  t i n wa s n o t  d e t e c t e d  i n  any o f  th e s e  t e st s .  
b .  Fu s i ons  i n  e l e c t r i c muff l e  

( 1 )  Ordinil.ry ' t'1fSi Qn  · ,m e th o d  

( a )  T h e  salllp l e s  l i s t e d  i n  ( 64 )  w e r e  u s e d .  

( b )  T h e ·  fl ilx e s ·i i st e d  in (.§j_)  w e r e  u s e d .  
.. � �  ... . 

( c )  - �i � 0t� � f t - � er i e s  o f  t e s t s  the s o ur c e  o f  h e a t  wa s a H o s ki n s  e l e c -

' 

t r i c  mut!c�l$, furnac e .  The t emperature i n s i d e  th e muf f l e  was c o nt r o l l e d  
uy a. rh��-�t:�;t.1, a �  pyr o m e t e r  and a c h r o m e l - a l u m e l  t h e r mo c o up l e  e n c a s e d  
i n  a p r o t e , · U ng t u b e ,  t h e  e n d  o f  t h e  m e t a l  j unc t i o n b e i ng k e p t  a p p r o x i ­

m a t e ly O f! e  _ ,�nch above t he c ent e r  o f  t h e  muf f l e  f l o o r .  'rh e  mu f f l e  f l o o r  
w a s  o;.o vereA -wl;.th :a · p r o t e c t i pg l aye r o f  g r o u n d  f l i nt .  T h e  c ha r g e d  c ru ­
c i b l e s  we r;,e ·;,liacv d i n  the  muf f l e  wh i c h  w a s  ra i s e d  f r o m r o o m  t e m p e r a t u r e  
to l O O O <> · ·C � ·;�nd. oh' & l d '  at t h a t  t> O i n t  for o n e  hour· i n  the c & s e s  o f  n c n ­

c o rr o s i v.e . .  c �r-gl!rs�'· · I 'n t h e  c a s e s  of  c o rro s i ve c harg e s  the  t e mp e r a t u r e  
· .; . .  , 

w a s  �a intained  f o r  as l o ng a period  a s  t h e  c ruc i b l e w o u l d w i t h s tand 
t h e ac t i'on of  the � harg e .  No n e  of t h e  h e a t i n g  p e r i o d s  e x c e e d e d  o n e  

h o ur . l'�e  typi s '
o r  c ru c i b l e s  d e s c r i b e d  in ( 6 6 )  w e r e  u s e d .  

j • •  � ·�; - > � :. 

( 68 )  
- .  

(§.J.)' 

(1£) 
(2.!) 
CU.> 
(U) 
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Analyt i c a l  P r o c e dure N o . 1 (�) . Th e dup l i c a t e  of each fu s i on m i xture 
w a s  trea t e d  in t h e  manne r  d e s c r i b e d in  Analytical Pr o c e dur e No . 3 ( 5 1 ) .  
Tin sulph i d e s  w e r e no* o b ta i n e d  i � any o f  t h e s e  t e s t s ,  

( e ) R e su l ts : Th e pr e s enc e o f  t i n  wa s no t de t e c t e d i n  any o f  th e s e t e s t s o  (l�)  
( 2 )  T i  m e • t e nip e ratur e draw tr i a l s  Q S e r :Le s  A 

( a. )  Samp l e s  I , I I , I I I , I V ,  V 1  VI 1 VI I wer e u s e d  i n  t h i s s e r l a &  o l  

t e s t s .  Eac h t e st  was run i n  du p l i c at e , 

(I§) 
(11)  

( b )  The charge c on s i s t e d  o f  a 5 . 0  gm . p o rti o n o f  s &. :> p l " •n i x e c  with (]§) 
2 0  gms , o f  po ta s sium cyani d e .  T�o gms , o f  potass iu� c yani d e  were u s e d  
as  a c o ver f o r  t h e  char g e .  

( c ) -1- T h e  e l e c tr i c:  tnuf f l e  and t emp e ratur e c o nt ro l uni t d e s c r i b e d  in ( 2,2) (.z.2) w e r e u s e d  and th e mu f f l e  r h e o s tat was ad Just e d  s o. that t h e  

i n s i de t e mp e ratur e o f  the muf f l e  ro s e  from ro o m te�p erature to 

1 1 50 °  C.  in a p e r i Q d  o f  11- b o ut fo ur hour s ,  Large c o o r s  p o r c e l a i L  

cruc i b l e s were  u s e d  t o  h o l d  th e charg e s .  

- 2 - ·r he f o l lowing pro c e du r e  w a s  used i n  maki ng the d r aw t r i al s :  

The muf f l e  was f i l l e d  wi th c r uc i b l e s  c o ntai n i ng th e charge o f  p o ­
ta s s ium cyani de and samp l e  I . One c ruc i b l e w a s  r e m o v e d  a t  e v e ry 

2 5° c .  r i s e  in t e mpe ratur e  s tarting at soo• c .  f o r  t h e  l i rst  c ru ­
c i b l e  r e m o v e d  and ending at 1 1 50°  c .  f o r  th e r e m o val o f  the l a s t  

c ruc ib l e . *  Thi s pr o c e du r e  w a s  r e p e at e d  in dup l i c a t e u sing e a c h  o f  

the s a mp l e s l i s t e d' in  (.ZZ ) •  
( d )  The  f u s i o n  m i xtur e s o b t a i n e d  were  e a c h  t r eat e d i n  t h e  man n e r  d e s - (�) 

c r 1 b e d  i n  Analyti c a l  P ro c e du r e s N o s .  2 and 4 (2.Q.) (2.3) . One o f  e a c h  
dup l i c a t e  f u s i o n  mi xt "r e wa s ana ly z e d b y  pro c e dur e s  d e s c r i b e d  und e r  

Analyt i c a l  Proc edure No . 2 (.2Q) and t h e  c o no entra. t e  :1na ly :: ed a c c o r d i n g  

t o  An alyt i c al P ro c e du r e  No . 1 (!!.2.) . The o t h e r  dup l 1�ate  . >. s analyz e d 

by t h e  meth o d  d e s c ri b e d  und e r  Ana lyt i c a l  P ro c e du r e  No . 4 (2!) • T i n  
sul p hi d e s  w e r e  no t o b tai n e d .  

( e )  R e s u l t s ! Th e pre s e nc e  o f  t i n  wa s n o t  d e t e c t e d i n  any o f  the s e  t e s t s ,  1 5 1 )  

( 3 ) T i m e - t emperatu r e  draw t r i a l s • S e r i e s a ( 8 2 ) 

( a )  · ( b )  T h e  same samp l e s ,  c harge c o mp o s i t i o n s ,  and apparatu s d e s c r i b e d  i n  (�) (11) (2§.) a n d  (,22.) we.r,;  u s e d .  (§j) 
( c )  Th e f o l lowing p r o c e du r e  wa s u s e d  i n  making the s e draw t r i al s :  (&2) 

r h e  muf f l e  was f 1 l l e d  with c ruci b l e s  c o ntaining t h e  c h a r g e  o f  potas-

s ium c yani d e  a n d  s amp l e I .  lfhe n  t h e  t e mp e rature o f  the muff l e  r e a. c h e d  

500 ° c .  o n e  c ruc i b le wa s w i t h cirawn f r o m  t h e  muf f l e and th e muf f l e  t'lH l O  

� t a t  was a d J u s t e d  t o  ho l d  the  t empe ra tu r e  o r  t h e  i n s i d e  o f  the muf f l e  
a t  5 0 0 °  c .  The r e mai n i ng c ruc i bl e s  i n  t h e  muf f l e wer e wi thdrawn at 

f i ve-minu t e  i nt e rva l s  o ve r a p e r i o d  of o n e hour . T h i s  pr o c e dur e was 
.r e p e a t e d  at e v o .ry 2 5 °  c .  i nc r e a s e  i n  t e mp e ratu r e  up t o  and inc luding 

1 1 50 °  � .  T h i s p r o c e dur e w a s  r e p e a t e d  i n  dup l i c at e  f o r  e a c h  samp l e  f r o rn  
samp l e  I through s amp l e  VII . 

The fusi o n  m i xtur e s o b t a i n e d  w e r e  treated a s  d e s c r i b e d  und e r  d raw 
tria l s  3 e r i e s  A ( 8 o ) . 

( e )  Re s u l t s : The pr e s enc e of t i n  was n o t  d e t e c t e d  in any o f  t h e s e  t e s t s .  (iZ) 
* 'rh e  m e l t ing po i nt of  pota s s ium cyani d e i s

. 6 )4 . 5 •  c . ; t h e  m e lt ing p o i nt o f  m e t:J . l l i c  t i n  
i s  2 3 1 . 9° c .  and i t s  b o i l ing p o i nt i s  2 2 60°  c . , b e l ow wh i c h  t e mp e rature vo l at i l i zati on i s  
n e g l i g i b l e .  
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( 4 )  T i m e - t e mp e ratur e d. raw. t r i al s - S e r ie s  C (�) 

( 5 ) 

( a ) Dup l i c at e p o r t i o n s o r  s am 9 l e s  I ,  I I ,  I I I ,  I V ,  v, VI , VI I w e r e  (�) 

( b ) 
u s e d  in t he s e t e s t s .  

T h e  c ha r g e  c o n s i st e d o r  a 5. 0 gm . p o r t i o n  o f  samp l e . m i x e d.  with 
10 gm s .  o f  c a r b o n  and. the m i xt u r e  wa s p l ac e d.  in a C o o r s  p o r c e l a i n  

c ru c i b l e  and. c o ve r e d  wi th 2 gm s .  o f  c a r b o n .  A p o r c e l a i n  c ruc i b l e 

c o v e r  w a s  p la c e d o n  t h e  c r uc i b l e .  

( c )  ( d. )  Th e s am e  appar� tus ,. method o f  maki ng t h e  draw t r i a l s ,  and t e mp e r •  (2.!> 
ature c o nd i t i o n s  and t r e a tm e n t  o r  t h e  f u s i o n  mi xtur e s  w e r e  e mp l oy e d  (2!) 
a s  de s c ri b e d.  und e r (22) a n d  (�) . 

( e )  Re sul t s : T h e  presence  o f  t in wa s n o t d e t e c t e d  in any o r  t h e s e  t e st s .  (22) 
Time - t e mperature draw t r i a l s - S e r i e s  D 

( a } Dup l i ca t e  p o r t i o n s  o f  sam p l e s I ,  I I ,  I I I ,  IV,  V, VI , VI I were  

u s e d  i n  t h e s e  t e s t s o  

( b )  The same typ e o f  charge d e s c r i b e d  i n  (9 0 )  was u s e d . (�) 
( c ) T h e a p p a r atu s and. exp e r i m e ntal proc e d u r e  w e r e  t h e  s a m e  as  d e s - (.21) 

c r i b e d.  i n  (�) . 
( d )  T h e  ·t r e at me nt s o f  fu s i o n  m i xt ur e s  w e r e  the s a m e  a s  d e s c r i b e d  in (�) 

{�) . 
( e )  Re sults : T h e  pr e s e n c e  o f  t i n  wa s no t d e t e c t e d  in any o f  t h e s e  t e s t s .  (11) 

c. Fu s i o n s  i n gas f i r e d  muf f l e s  (�) 
(,ill) 
(!.2,!) 

( l )  S ampl e ,  c ha r c o a l , sugar o ha r� e s  

( a ) Dup l i c a t e  p o r t i o n s  o f  sam p l e s  I ,  I I , I I I ,  I V, V, VI , VI I w e r e  

u s e d .  

( b ) T h e  c ha r g e  o o rnp o s l.t i o n  f o r  t h i s  s e ri e s  of t e s t s  wa s 50 gm s .  of 
sam p l e ,  2 5  gm s .  o f  o harc o a l 9  and 2 5  g m s .  o r a saturat e d  s o l ut i o n  o f  
sugar i n  wat e r . 17  T h e  c o n st i tu e n t s  o f  t h e  c harge w e r e  w e l l  m i x e d  and 

t h e  c ha r g e  was p l ac e d  in a f i r e c l ay c ruc i b l e .  A s mal l e r  c r u c i b l e  wa s 

inve r t e d o ve r  t h e  c ru c i b l e  c o nt a i n i n g  the c harge and the i nve rt e d c r u ­

c i b l e w a s  f o r c e d  d o wn unt i l i t  f i t t e d  a s  t i gh t ly a s  po s si b l e  s o  a s  to 
f o rm an a i r - t i ght cover .  

( c )  The c har g e d c r uc i b l e  wa s p l a c e d  i n  the mu f f l e  o f  a g a s  f i r e d  a s s ay ( 104 ) 

( d )  

furnac e ,  the  burne r s  o f  wh i c h  w e r e  adJusted  t o  �i v e  maximum r e duc ing 

c o n d i t i o n s  as e vi d enc e d by c ar b o n  d �p o s i t i o n  o n  the c ruc i b l e s  duri ng 

t h e  heat t r e atment . The charge d  c ru c i b l e s  w e r e  h ea t e d  to  a r e d  h e at 

and h e l d  at t h i s  t empe ratur e f o r  t w e l v e  m i nut e s .  The f ir e d c ruc i b l e s  

w e r e  r emo v e d  f r o m  t h e  f u r nac e a n d  allowed  t o  c o o l .  
Th e c h a r g e . wa s  r e m o v e d  f r o m  t h e  c o o l e d  c ruc i b l e ,  gr ound i n  a m o r •  

tar and  pann e d . 4 One c o n c e n t r a t e  f r o m  e a c h  dup l i c a t e  fu s i o n  wa s tr e a t e d 
in t h e  mann e r  d e s c ri b e d  i n  Analyt i cal  Pr o c e dur e No . 1 (!2) • Dur i ng t h e  

p ann i ng o p e ra t i o n  a c o n s i d e r ab l e  q u an t i ty o f  c a r b onac e o u s  mat e r i a l  

f l o at e d t o  t h e  t o p  o f  the pan . Th i s  mat t e r  wa s f i l t e r e d  o f f  duri ng t h e  
pann i n g  pr o c e s s  a n d  c o mb i n e d  w i th s i m i lar mat e r ia l o b t a i n e d  from t h e  

dup l i c ate s amp l e . The c o mb in e d  r e s i du e s  f r o m  t h e s e  f i l t rat i o ns were  
dri e d  a.nd h e at e d  i n  h o t  mut t o n  tal low f o r  the pur p o s e  o f  c o a gu l at i ng 

sma l l  part i c l e s  o f  tin i f  pre s e n t .  The tal l o w  wa� d e c an t e d  and the 

r e s i du e  wa s h e d  w i th an o r gan i c  s o l ve n t  and t e s t e d  f o r  t h e  p r e s enc e o f  
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t i n by the  p r o c e du r e  d e s c r i b e d  i n  Ana lyt i c a l  P r o c e dur e N o .  1 .  T h e  
other  c o nc entrate  f rom e a c h  du p l i c a t e  f u s i o n w a s  t e s t e d  ac c o r ding t o  
A n a lyt i c a l  P r o c e du r e  N o .  2 (�) . 

{ e )  R e s u l t s : T h e  p r e s e nc e o f  t in wa s n o t  d et e c te d  by any o f  t h e s e  t e s t s .  

{ 2 )  P o ta s s i u m  cyani d e  f u s i o n s .  

( a )  One o r  mo r e  R o rt i o n s  o f  sam9 l e s I ,  I I ,  I l l ,  I V ,  V,  VI , VI I w e r e  
u s e d  i n  t h 1 s s e r i e s  o f  t e s t s  an(  a • to tal  o f  twe nty- n i n e  fus i o n s  wa s 

mad e . 

( b )  T h e  c ha r g e  c o mp o s i t i o n  u s e d  i n  th i s  s e ri e s  o f  t es t s  w a s  2 gm s .  o f  
p o t a s s i u m  cyan i d e  p l ac e d  i n  t h e  bot t o m  o f  a f i r e c l ay c ruc i b l e  t o  wh i c h  

w a s  t h e n  ad d e d  a m i xt u r e c o mp o s e d  o f  2 0  g m s .  o f  p o t a s s i u m  cyan i d e  and 
5 e m s .  of s a m p l e ; 5 gms . of p o t a s s ium cyan i d e  w e r e  u s e d  as a c o ve r .  

( c ) Th r e e  d i f f e r ent ty pe s o f  g a s  f i r e d  a s say furnac e s  w e r e  u s s d . 6  
Atmo s ph e r i c  c o n d i t i o n s wi t h i n  the f u rnac e s ,  furna c e  t e mp e ra t u r e s ,  and 
p e r i o d s  c f  h e at ing w e r e  var i e d .  

( d )  Af t e r  r e m o val f r o m  t h o  furna c e a n d  a f t e r  b e i n g  a l lo w e d  t o  c o o l ,  
e a c h  c ruc i b l e  w a s  b ro ke n  and the  fu si o n  mi xtu r e  e xam i n e d  w i t h  t h e  ai d 
o f  u h and l e n s . T h e  c o nt e n t s  of e a c h  c ru c i b l e  inc l ud i ng any adh e r i ng 
mat e r i a l  w a s  pann e d  d o wn an d the c o nc e n trate wa s e xami n e d  w i t h  t h e  ai d 
of a hand l e n s .  T h e  auth o r  did  n o t  pa r t i c i pat e in t h e  man i pu l at i o n  
o f  th e s e  t e s t s  e x c e pt to  w e i gh out t h e  cnarge  c o mp o n e nt s  a n d  t o  c h e c k 
o n  t h e  exami na t i o n  o f  th e fu s i ons  a f t e r  they we r e  a l l o w e d  to c o o l . 7  

{ e )  R e sult s : Tne p r e s e nc e o f  t i n  w a s  n o t  d e t e c t e d  in any o f  th e s e  t e s t s .  

(.!.Qi) 
(ill ) 
(�) 

4 .  J a c k  Rab b i t  f urnac e *  fu s i on ( !!1) 
a .  D e s c r i p ti o n  o f  furnac e s  (�) 

F o ur d i f f e r e nt f urnac e s  were  u s e d  i n  thess  s e r i e s  of t e s t s .  Furnac e He . l 
wa s c onstruc t e d  by t h e  auth o r  as n e a r ly a s  p o s s i b l e  to agr e e  w i th s p ec i f i c a ­
t i o n s g i ve n  t o  h l m . 1 8  T h i s  furnac e c o n s i s t e d  e s s e nt i a l ly D f  a p i e c e  o f  6 - i ne h , 
i r o n  p i pe a b o u t  2 f e e t l o ng into t h e  t o p  s i de o f  whi c h ,  a b o u t  m i dway o f  i t s  
l e ngth , a s h o rt p i e c e  o f  ·- inch  p i p e  w a s  i n t r o d u c e d .  C n e  e n d  o f  t h e  6 - i n c h  
p i p e  wa s s e a l e d  w i t h  an i r o n  c ap ; th e o t h e r  end l e ft o p e n .  

{ l )  Furna c e � o . 1 w a s  b u i l t  t o  c onform  t o t h e  g e n e r a l  s p e c i f i c at i o n s  g i ve n  {1!2) 
ab o ve but iTi t h  t h e  f o l l o w i n g  m o d i f i c a ti o n s : ( 1 ) t h e  ·-inch  p i p e  wa s p la o e d  

a t  a p o i n t  a p p r o x imat e ly 1 6  i nc h e s  f r o m  � h e  upp e r  e nd o f  t h e  b o dy ,  ( 2 )  t h e  

up p e r  a n d  o f  t h e  b o dy wa s c l o s e d  by a s t e e l  p l at e  w e l d e d  t o  t h e  b o dy ,  ( 3 )  
t h e  b o dy o f  t h e  f urnac e wa s m o un t e d  o n  l e g s  s o  that i t  f o r m e d  a ve r t i c a l  
ang l e  o f  a b o ut 4 5 • a n d  t h e  b o tt o m  o f  t h e  l o w e r  e n d  o f  t h e  b o dy w a s  a p pr o x i -
mat e ly 6 i nc h e s  f r o m  t h e  b a s e  u p o n  which  the a s s e mb l e d un i t  wa s p l a c e d ,  

. 

( 4 )  t h o  b o dy o f  th e f urnac e w a s  c o ve r e d  w i t h  a k- i n c h  l ayer o f  h e at - i n s u l -
a t i n g  f i b e r  wh i c h  was . he l d  i n  p l ac e by a s h e e t  m e t a l c o ver  a n d  ( 5 )  s e ve r a l  

p i e c e s  o f  iro n  havi ng d i f f e re nt s hap e s  a n d  s i z e s  w e r e  u s e d  t o vary th e 

c ha ra c t e r  o f  t h e  o p ening at th e l ower end o f  t h e  b o dy .  

( 2 )  Fu r na c e N o .  2 w a s  b o r r o w e d  f o r  t h e  purpo s e  o f  t h i s i n v e s t i g at 1 o n . 6 0  (�) 
lt wa s q u i t e  s i m i l ar t o  No . 1 ,  wi t h  t h e  e xc e pt i o n that it was s l ightly 
l ar g e r ,  had two f e ed p i p e s  i n s t ead o f  o n e  ( o n e  p l a c e d  mi dway l engthw i s e  
o f  the  f ur na c e a n d  t h e  o t h e r  h a l f -way b etwe e n  t h e  o n e  s o  de s c ri b e d  and , t h e  
u p p e r  e n d  o f  the furnac e ) , and t h e  b o dy o f t h e  f u r na c e  wa s s e t  a t  an a n g l e  

* J r i g i n  o f  t e rmino l o gy un k n o wn .  
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o f  ab out 2 0 ° 1  ins t e a� o f  4 5° 1 f r o m  t h e  b a s � . 

( 3 )  Furnac e N o .  J wa s a s ma l l e r  mo d e l  o f  furna c e  no . 2 .  I t s upper end 
cap was h e l d  on by c l amp s  for e a sy r e m o va l .  

( 4 ) Furna c e  N o . 4 ( Plate 4 )  w ., ;;  p r e s e nt e d  t o  the a.utho r . 6 0  Thi s furna c e  
w a s  s i m i la r t o  f u rnac e no . 3 and h a d  t h e  f o l l o wi ng a p e c i f i c at i o n s : The 
b o dy of t h e  f u rnac e w a s  a pi e c e  Qf i r o n  t u b ing 6� i n c h e s i n  l ength a n d  

2 1/8 i nc h e s  i n s i de diame t e r .  I t  wa s mo unt e d  o n  l e g s  s o  that i t  wa s a p ­
p r o x i mat e ly h o r i z o ntal . Two f e e d  p i p e s  w e r e  u s e d ;  o n e  w a s  a s t a n d a r d  1 
i n c h  p i p e  c ou p l i ng and w a s  p l a c e d  li i nc h e s  f r o m  the l o w e r e n d  o r  t h e  b o dy .  
the o t n e r  was a s tanda r d  h a l f  i n c h  p i p e  c oupling and was plac ed  5� inc h e s  
f r o m  ·th e  l o w e l"  e11d o f  the b o dy .  B o t h  f e e d  p i p e s  w e r e  d i s p l ac e d  s l i gh t l y  
f r o m  t h e  n o r ma l ; the  s ma l l e r  d i ame t e r  p i p e  wa s d i s p l ac e d  � o w a r d  t h e  l o w e r  
e n d  o f  t h e  b o dy a n d  t h e  l a r � e r  d i a m e t e r  f e e d p i p e  w a s  d i s p l ac e d  t o wa r d  t h e  
upp e r  end o f  t h e  b o dy . 

b .  Exp e r i mental p r o c e dure u s e d  with furnac e n o . 1 

( 1 ) Samp l e s  l ,  I I ,  I I I 1  I V, V, VI , V I I , IX w e r e  u s e d .  

( 2 )  � a c h  s am p l e  was h e at e d  i n  dup l i c a t e  run s w i t h o ut the u s e  o f  f lux and 
e a c h  s amp l e  w a s  h e a t e d  in d u p l i c at e  with twi c e  i t s  w e i ght o f  c a r b o n .  T h e  
c h arge c o n s i s t e d  of  o n e  p o un d  o f  r o c k  o r  o n e  pound o f  r o c k  a n d  c a r b o n  in  
e q u a l  p r o p o r t i o n s , b o t h  g r o u n d  to  5 0 - 1 0 0  m e s h  pa rt i c l e  s i z e ,  i n  e a c h  c a s e .  

( 3 ) The furnac e wa s h e at e d  b y  m e an s o f  a l a r g e  b l a s t  lamp p l ac e d  i n  t h e  
o p e n i ng a t  t h e  l o w e r ' e nd o f  t h e  b o dy o r  t h e  furnac e ,  f i r e d  wi th lab o ra t o ry 

ga s ,  and s o  a d J u s t e d  as to u s a  an e x c e s s  of ga s .  T h e  f o l l owing d i f f e r e nt 
f i r i ng p r o c e dur e s  w ere u s e d :  ( 1 )  c ha r g e  p lac e d  i n  unh e a t e d  f u rnac e and 
the furnac e b r ought to a b a r e ly vi s i b l e  red h e �t ,  ( 2 )  c harge plac e d  in u n ­

h eat e d  f urnac e ,  and furnac e b r ought t o  a du l l  red h e at ,  { ) ) Q ha r g e  p l ac e d  

i n  the  unh eat e d  f urnac e and t h e  f urnac e b r o 11ght t o  a b r i ght r e d  h eat , 
{ 4 ) c harge p lac e d  i n  the  furnac e .wh i c h  h a d  b u n  preheat e d  to a b a r e ly v i s ­

i b l e  r o d  h e at and c ha r g e  k e pt a t  that t e mp e ratur e f o r  o n e  h o u r ,  ( 5 )  c o n ­
d i t i o n s  i n  nll " r e p e at e d  and c harge k e p t  i n  f u r na c e two hour s ,  ( 6 )  c h arge 
p l a c e d  i n  the f urna c e wh i o h  had b e en b r o ught to  a. dul l red  h e a t  a n d  "4" 
a n d  " 5 "  r e p e & t e d .  

( 4 ) Eac h  heat e d  charge wa s wi thd rawn fro m t h e  furnac e and pann e d  down ; 

t h e  c o nc e n t ra t e s  w e r e  e xami ne d with t h e  a i d  o f  a b i no c u l a r  mi c r o s c o pe and 
w e r e  then ana l y z e d  in t h e mann e r  de s c r i b e d in Ana lyt i c a l  P r o c e du r e  N o . 1 
<!:!..2. > .  

( 5 )  R e s u l t s :  The p r e s e nc e  o f  tin was n o t d e t e c t e d  i n  any o f  t h e s e  t e s t s .  

c .  exp e r i m en tal proc e dur e s  us e d  wi th f urnac e n o . 2 
( l ) The samp l e s  l i s t ed in (!!£) w e r e  u s e d .  

( 2 )  T h e  f o l l owing f l uxe s u s e d  w e r e : c a r b o n ,  so d ium c ar b o nat e ,  c a l c i u m  

c a r b o nat e ,  c a l c i um c a rb o nate and c harc o a l , and s o dium c ar b o n a t e  and c har• 
c o a l ; 200 gm s .  oi' samp l e  u s e d  in each charge mixtu r e . 

( 3 ) T h e  p r o c e du r e  d e s c r i b e d  i n  (1l!) wa s u s e d .  

( 4 )  T h e  f u s i o n  m i x t u r e s  w e 1• e  t r e at e d  b y  the p r o c e du r e s  d esc r i b e d i n  (ill ) • 
( 5 )  � e s u l t s : T h e  pr e s e nc e o f  t i n  w a s  n o t  d e t e c t e d  i n  any o f  t h e s e  t e s t s . 

d .  � xpe r i menta l p r o c e du r e s  u s e d  w i th f urnac e n o .  J 
( 1 ) Dup l i c a t e  p o r t i o n s  o f  sam p l e s  XI , X I I , X I I I  w e r e  u s e d .  

(ill) 
( 1120 )  
(ill) 

(.ill } 

( 12 4 )  
<m> 
( 1 2 6 ) 

(ill) 

(�) 
(ill ) 
(�) 
(!.ll) 
cuv 
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T h e  charge wa s 3 ounc e s  of  samp l e  w h i c h  had b e e n c ru s h e d  i n  a c l e an 
i r o n  mo r tar t o  a p p r o x i ma t e ly 2 0 - m e sh s i z e .  

( 3 )  T h e  c l o s e d  e n d  o f  t h e  furnac e wa s p r e h e at e d  i n  a n  o p & n  wo o d  f i r e  and 
t h e n  by b low t o r c h .  

( 4 )  T h e  samp l e  c ht�.rge w a s  p l a c e d  i n  t h e  fu1· n a c  e t h r c ugh t h e  .f e e d  p i p e  
a n d  t h e  ga s o l i n e  b l a s t  t o r c h  wa s p l a c e d  a t  t h e  c pc n  e n d  o f  t h e  D o dy o f  t h e  
f u r na c e .  'l'h e  f l am e  w a s  a l l o w e d  t o  p l ay o n  t h e  i n s i d e  .;, f  t h e  o o c.iy and o n  

t h e  c harg e .  dh e n  t h e  samp l e  c h a r g e  r e ac h e d  a r e d  h e � t , a p p r o x i m a t e l y 2 0  
er u n: s  o f  r e s i n  w a s a d d e d  t h r o ugh t h e  f e e d  p i }> e  and m i x e d  w ! ·th  t h e  samp l e  
by m e a n s  o f  an i r o n  s p o o n .  ! h e  m i x e d  c har g e  wa s agi t at e d  u t  i nt e r va l s  s o  

that a l l  p o rt i o n s  o f  charge r e a c h e d  a red h e a t . T h e  f l ame wa s a l l o w e d  

(lZ!_) 

p a r t i a l ly t o  r e f l e c t  f r o m  t h e  w a l l  o f  t h e  f u rnac e a n d  par t i a l ly t o  i m p i ng e  d i r e c t ly 
o n t o  t h e  f u s i on mi xtur e .  

At t h e  e nd o f  t h e  p e r i o d  o f  h e a t i n g ,  t h e  c ha r g e  wa s s c r• a p e d  f r o r;:,  t h e  (.!..22) 
i n s i d e  o f  the furnac e and cl r o und i n  t h e  i r o n  mo r t a r  unt i l  thG e nt i r e � h a r g e  
pa s s e d  throueh a. s c r e e n  o f  a p p r o ximat e ly 6 0 - :ne sh .  'i'hi s g r o und c h arge w a s  

panne d d o wn , and t h e  c o nc e nt r �t e s  e xami n e d  w i th t h e  a i d  o f  a hand l e n s .  
The same pro c e du r e  wa s r e p e at e d  o n  s e ve ral s am p l e s  wh e r e  r e s i n  w a s  no t 
e mp l o y e d .  

( 5 )  Re sul t s : T h e  pr e s enc e o f  t i n  i n  any o f  t h e  t e s t s  c ar r i e d  o u t b y  t h e e.utho r  ( 1 ;?6 ) 
w a s  n o t  d e te c te d .  

e .  E xp e r i m e n t a l  pr o c e du r e s u s e d  wi th furnac e n o �  4 ( .llZ ) 
( 1 ) 

( 2 )  

Samp l e s  I ,  I I ,  I I I ,  I V ,  V ,  VI , VI I ,  I X ,  XI , XI I ,  l l l l ,  X I V ,  I V  w e r e 
u s e d  in the s e  s e r i e s  o f  t e s t s .  

Eac h samp l e  wa s heat e d  i n  dup l i c a t e w i t h o � t  the u s e  o f  a f lux , and 
each sam p l e  w a s  h e at e d  i n  d up l i c a t e  w i th 'il a c h  o f  the f o l l o w i n g  f l ux e s ; 
( a )  c ha r c o a l , ( b )  b o rax , ( c )  c a l c i u m  c a r b o n at e ,  ( d )  c a l o 1 u re  c a r b o n a t e  p l u s  
c h a r c o a l ,  ( e )  b o ra x  p l u s  c harc o a l , ( f )  s o d i um c a r b o n a t e ,  ( g )  s o d i u m  c a r • 
b o na t e  p l u s  c harc o a l , ( h )  r e s i n .  

( 3 ) T h e  f o l l o wi ng d i f f e r e n t  f i r i n g p r o c e d u r e s  w e r e  u s e d : ( a )  c ha r g e  

( 4 }  

p l a c e d  i n  unh e at e d  furnac e ,  t h e n  f u r nac e t e m p e r a t u r e  � r o u ght t o  a b ar e ly 
v i s i b l e  r e d  h e at and c h a r g e  w i t h d r a-wn f r o m  furna c e ,  ( b )  c o nd i t i o n  " a "  

r e p e a t e d  and samp l e  l e f t  i n  f u r na c e  at b a r e ly vi s ib l e  heat f o r  p e r i o d s  o f  
1 0 ,  2 0 1  a n d  3 0  minut e s  b e f o r e  b e ing wi t h d rawn f r o m  f urnac e ,  ( c )  c h ar g e  
p l a c e d  i n  u n h e a t e d  f u rnac e a n d  f u r n a c e b ro ught t o  du l l  r e d  h e a t , th e n  
c ha r g e  w i thdrawn f r o m  furnac e ,  ( d )  c o nd i ti o n s  i n  " c " r e p e ::.. t e d  and c h a r g e  

l e f t  i n  furnac e f o r  p e r i o d s  o f  1 0 1  2 0 1  a n d  30 m i nu t e s b e f o r e  b e i ng w i th• 
drawn from f urnac e ,  ( e )  c ha rg e  p l a c e d  i n  unh e a t e d  f urnac e ,  wh i"ch wa s b r o u g h t  

t o  b r i gh t  red h e a t ,  and c ha r g e  wi thd rawn f r o m  f urnac e ,  ( 't ) c o nd i ti on s  in 
" e " r e peat e d  and c ha r g e  l e f t  i n  f u rnac e for p e r i o d s  of 1 0 ,  2 0 1  and JO  min• 
ute s b e f o r e  b e i ng w i t hd rawn f r o m  f u r na c e .  llurnac e wa s h e a t e d  by m e a n s o f  a 

gaso l i n e  b l o wt o r c h ,  th e f l ame f r o m  wh i c h  wa s a l l o w e d  pa r t i a l ly to • e f l e c t 
on the wa l l s  o f  the furnac e and p ar t i a l ly t o  i m p i nge di r e c t ly o n  the sa-mp l e .  
O harg e s  w e r e  s t i rr e d  b� me ans o f  an i r o n  s c rap e r  during f i r i ng s . Appr o x �  
imat e ly 1 0 0  g r am s  o f  s amp l e  g r o u n d  t o  5 0 - 1 00 m e s h  p ar t i c l e  s i z e  w e r e  u s e d  

p e r  c harge . 

A f t e r  o e i ng s c r ap e d  
c h a r g e  wa s panne d do wn .  
b i n o c u l ar m i c r o s c o p e  and 

f r o m  furna c e  and a l l o w e d  to c o o l ,  e a c h  h e a t e d  
The c o n c e ntrat e s  w e r e  e xa m i n e d  wi t h  the a i d  o f  a 

we r e  t h e n  ana ly z e d  i n  the mann e r  d e s c r i b e d  i n  

( 1 35 )  
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( 5 }  rie su l t s : f h e  p r e s e nc e o f  t i n  w a s  no t f ound i n  any o f  the s e  t e s t s .  

5 .  :' u s i o n s  i n  e l o  s e d  sy s t e m s  

C l o s e d  sy s t e m s  w e r e  e m p l o y e d  t o  p r e vent th e l o s s  by diffusi�n  o r  vo l a t i l i ­
i\ t>.ti o n  o f  a ny  o f  t h e  c o n s t i t u e n t s  o f  the s a mp l e  o r  f u s i o n  m1 xtu1• e  dur• i ng the· 
,;c •· o c e s s  o f  f l.l s i on . Two typ e s o f  a ppara t u s  w e r e  e m p l o y e d - - t h e  s o - c  .. l l e d  .�h i t t .:t q  
;' }')lara.tl.l s l 2 2 • 1 2 .3  and a P ar r b o mb . l 2 4 , 68 

� - fhi t t o n  appa.r�tus 

{ 1 }  The f o l lowing samp l e s  w e r e  �s e d  i n  t h i s s e r i e s o f  t e s t s : I ,  I I ,  I I I ,  
I V ,  v ,  VI , VII ,  VI I I ,  IX . Dup l i c at e  c har g e s  w e r e  run " 

( 2 ) T h e  c harge s c o n s i s t e d  o f  ( 1 )  samp l e  w i thout f l u x ,  ( 2 )  s a mp l e  p l u s  
s o d i um c ar b o nate , and ( .3 )  samp l e  p l l.l s  p o ta s s ium c a r b o n a t e  p l u s  s o d l u m  p a r ­
o xi de .  live gram s o f  samp l e  Ground t o  1 0 0 - m e sh pa r t i c l e s i z e w e r e  u s e d  

i n  e ac h  c har g e .  

( 3 ) The Whi t t o n apparatus u s e d  ( Pl a t e  3 )  WKS d e s i gn e d  f o r  t h o  d e t e rmi n -
at i o n  o f  m e r cury i n  o r e s  by t h e  d i s t i l l a t i o n  o f  t h e  m e t a l  f r o m  th !l dry 
mat e r i a l  by c o l l � c t i ng t h e  metal on a w e i gh e d  metal l i c  s h e e t .  The appa ­
ratu s c o n s i s t s  o r  t h e  f o l l o wing : ( a }  A sta i n l e e s  s t e e l  � ru c i o l e ,  t h e  a p ­
proximat e d i m e n s i o n s  o f  wh i c h  a r e  2 "  h i gh a n d  1� 11 d i am e t e r  and h>.wing a 

s t e e l  b af f l e  at i t s  t o p ,  ho l d s  the c h a rg e �  ( b )  a 2i"- squar e s h e et o f  � a r e  

s i l v e r  i s  p lac e d  o n  t h e  t o p  o f  t h i s c ruc i b l e .  The s h e et  i s  h e l d  i n  p l ac e 
by mean s o f  a ( c )  s e parat e ,  f l a t - b o t t o m ,  s h a l l ow ,  s t a i n l e s s  s t e e l  c r u c i b l e  
- - - 2 "  a t  b a s e ,  1 "  high and a b o u t  .3 "  w i d e  a t  t h e  t o p .  A sho r t ,  q uart e r ·  
i n c h  r o d ,  i n d e n t e d  a t  t h e  t o p ,  s ervi ng a s  a p o int o f  c o ntac t f o r  t h e  c l amp 
s c rew , p r o t ru d e s  f r o �  the i n s i d e  c e nt e r  base of the t o p  c rQ c i b l o .  T h e  two  
c ruc i b l e s  and the  s i l ve r  p l a t e  a r e  h e l d  i n  po s i � i o n  by ( d )  a s t e e l  s c r ew 

c l amp , the  a r m e  o f  wh i c h  f i t  und e r  t h �  baff l e .  The a s s amh ly i s  thu� he l d  
t o iother  by t i gh t e n i ng the s c r ew o f  t h o  c l amp . 

( 4 )  'l'ha  f o l l ow i n g  pr o c e du r e  w a s  u s e d :  ·r ne c ha r g e  w a s  p l a.c e d in t.he l o w e r  
c ru c i b l e , t h e  uni t s  o f  t h e  a p p a r a t u s  w e r e  a s s e mb led in  t h e i r  p r o p e r  o r d e r  
and s e c u r e l y  c l amp e d  in plac e .  T h e  l u w e r  c �uc i b l e  wa s i n s e r t e d  i n  a c i r ­
c u lar o pe n i n g  i n  a n  a s b e sto s b o a r d  just l a r g e  e n o u gh r o r  t h e  c ruc i b l e t o  
f i t  t i gh t ly a n d  p r o tr u d e  a b o u t  h a l f  o f  i t s  h e i gh t  b e l ow t h e  b o ar d .  T h e  
b oard p l l.l s  a s s e mb ly wa s p lac e d  o n  a r i ng stand . T h e  u p p e r  c ruc i b l e  w a s  

ke pt f i l l e d  w i t h  w a t e r  throughout th e heating p e r i o d  and du r i ng the p e r i o d  
wh e n  th e a s semb ly wa s  b e i n g  c o o l e d .  A k e ke r  b u r n e r  was p l a c e d  b e n e ath t h e  
l o we r c ruc i b l e  whi c h  wa s heat e d  w i t h  t h e  fu l l  f l ame o f  the b urn e r  f o r  
thi rty f:linut e s .  

( 5 )  A f t e r  c o o l i n g  t he c harge wa s p l a c e d  i n  a b e ak e r . T h e  i n s i d e  o f  the  
l o w e r  c ru c i b l e  and t h e  s i l v e r  f o i l  were  washe d with by d r o o h l o r i a  a c i d - s u l ­
phur i c  e. c i d  mixture b y  m e a n s  o t' c a r e fu l ly s c r u b b i n g  wi t h  a rub b e r  p o l i c t< ·· 
man , a n d  t h e s e  wash i n g s  w e r e  added  to t h e  b e ak e r .  The  c o nt e n t s  o f  t h e  
� e ak e r  w e r e  t h e n  t e s t e d  b y  t h e  m e th o d  d e s c r i b e d  i n  Analy t i c a l  Pr o c e du r e  
No . 1 (�) . Analyt i c a l  P r o c e dure  N o . 3 (,2!) w a s  not u s e d  b e c au s e  t i n  s�;; l �  
ph i d e a  w e r e  n o t o b t a i n e d .  

( 6 )  R e su l t s :  The pr e s e nc e  o f  t i n  w a s  no t d e t e c t e d  i n  any o f  th e s e  t e s t s .  

· ' •  i'a.rr b c mb 

( 1 )  T h e  f o l l o w i n g  s am p l e s  w e r e  u s e d  in thi s s e r i e s  of t e s t s : I ,  I I ,  I I I ,  

I V ,  V 1  VI , VI I ,  I X .  Dupl i c a t e  c harge s w e re run . 

( 2 ) T h e  c ha r g e s c o n s i s t e d  o f  -a- samp l e  w i t h o u t  f lux , - b ·  samp l e  p l u s  

( l 44 ) 

(ill) 
<liV 
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c ar b o n ,  v o �  samp l e , ,  carb o n ,  s o d i um p e r�o tassium p e rc h l o ra t e , - d -

/ samp l e , s o dium p e r o x i de and - e - po ta s s i um p e rc h l o rat e .  A 5 . 0  gm . p o r t i o n  

o f  e ac h  samp l e  w a s  u s e d  in  eac h c harg e . 

( 3 )  Th e  Parr b o mb ( P late  3 )  u s e d  wa s d e s i gne d f o r  u s e  in d e t e rm i nat i o n  

( 4 )  

o f  t h e  h eat i ng value o f  carb o nac e o u s  mat e r i a l .  The b o mb c o n s i s t s o f  a 
cy l i nd e r  of h e a vy a l l oy - s t e e l  tub ing ,  thr e ad e d  o n  the out s i d e  o f  t h e  o p e n  

e n d  and l i n ed w i th a c h e m i c a l - r e si sting m e tal l i c  s h e l l .  T h e  b o mb w a s  ap­
pr o x i mat e ly 4" h i gh a n d  2" in diamet e r .  A n  o c tagon- shap e d  s t e e l  band wa s 
f a s t e n e d  on the o ut s i d e  o f  the cyl inder  Just b e low t h e  thr e a d s .  A s o l i d 
c ap with o c tag o n - sha p e d s i de s , s l i ght ly l a r g e r  i n  d i am e t e r t han t h e  b o mb 
and havi ng thr ead s t o  match the threading o n  the b o mb ,  wa s s· c r ew e d  t o  t h e 

t o p  o f  t h e  b o mb .  S p e c i a l  w r e nc h e s  whi c h  a r e  c o n s t r uc t e d  t o  f i t  t h e  o c ta­

gons  o n  t h e  t o p and o n  the b o mb w e r e  u s e d  t o  fa sten the  t o p  s e c ur e ly t o  

t h e  b o mb .  A r u b b e r o r  a s b e s t o s ga sket d e p e n d i n g  u po n the  c o n d i t i o n o f  t h e  

exp e r iment wa s u s e d  b e tw e e n th e t o p  a n d  t h e  b o mb . 

The  f o l l ow i ng p r o c e dur e wa s u s e d :  The  c ha r g e  was p l ac e d  i n  t h e  b o mb 

an d ,  � f t e r  s e c u r e l y  f a s t ening th e c o ve r ,  t h e  b o mb wa s p l ac e- i n  a c i rcular 

o p e n i n g  i n  an a s b e s t o s  b o ard Ju st  lar g e  e n o u gh t o  a l l ow t h e  l o we r half o f  

t h e  b o m b t o  p r o t r u d e  b e l o w t h e  b o tt o m  o f  t h e  a sb e sto s b o ard.  T h e  a s se mb ly 
wa s p l a c e d  on a r i ng stand. T h e  l o w e r  e n d  of th e b o mb wa s h e at e d by me ans 
o r  t h e  f l ame of  a b un s e n burner unti l (a)  t h e  i gn i t i o n  t o o k  p l ac e  within 

th e b o mb a s  e vi d e nc e d  by a sud den r i s e  i n  t e m p e ratur e o f  the b o mb ,  o r  

( b )  i n  o a s e s  whe r e  n o  i gn i t i o n  t o o k  p l a c e within t h e  b o mb ,  t h e  b o mb wa s 

b r o ught t o  a du l l  r e d  h e a t  and k e p t  at that t e m p e ratur e f o r  f i f t e e n min­
u t e s .  

( 5 )  A f t e r  all owing t o  c o o l ,  t h e  c o nt e n t s  o f  t h e  b o mb w e r e  p l ac e d i n  a 

b eake r .  The i n s i d e  o f  t h e  b o mb and t h e  inside  o f  the b o mb c o ve r  w e r e  

w a s h e d  w i t h  a hy d r o ch l o ri c  a c i d - s u l phur i c  ac i d  m i x tu r e  by car eful ly s c rub ­

b i ng wi th a rubb e r  p o l i c e man , and t he was h i ng s  w e r e  add e d  to t h e  b eaker 
c o ntaining t h e  charg e . Th e c o nt e nt s  o f  the b e aker we r e  t e s t e d  by Analy• .t i c a l  P r o c e dure s  N o s .  1 (!i) and 2 (2£) . Analyti cal  Pro c e dur e No . 3 (2!) 
wa s n o t  u s e d  b e c au s e  t i n  sulphi d e s  were n o t  o b tained.  

( 6 )  R e su l t s : T h e  p r e s e nc e  o f  t i n  w a s  n o t  d e t e c t e d  i n  a ny  o f  t h e s e  t e s t e .  

6 .  W o o d  f i r e  r o a s t!a! 

a .  S ampl e s numb e r  I 1  I I ,  I I I , I V, V1 VI , VI I ,  I X ,  XI , X I I , X I I I , X I V ,  XV 
w e r e  u s e d in the s e  s s r i e s  o r  t e st s .  

b .  P r o c e. dur e wa s a s  f o l l o w s  f o r. e a c h  samp l e : A sh e e t  o f  i r o n  4 t e e t s q u a r e  

wa s plac e d  o n  t h e  gr ound and a b ru s h  fire i gni ted  on t o p .  Bru sh wa s a d d e d 

unti l a b e d  o f  c o al s appro x i mat e ly 1 0 "  thi c k was o b tained.  Then pi e c e s  o r  
samp l e  rang i ng i n  si z e  f r o m  l/6 " i n  d i ame t e r  t o  6n  i n  d i am e t e r  we re  p l ac e d  o n  
t o p  o f  t h e  c o a l s .  Mo r e  b ru sh w a s  a d d e d ,  a n d  af t e r  a l ay e r  o f  c o a l s . was f o rmed 

on t o p  o f  th e rock,  another layer  o f  rock wa s a d d e d an d mor·e b rush p l ac e d  o n  · 

to p . Thi s p ro c e dure  wa s r e pe at e d  unt i l  the mas s was f o ur lay e r s  h i gh .  T h e  

f i r e  th e n wa s h e a p e d  w i th b ru s h  and al l o w e d  to burn. Af t e r  c o o l ing , p i e c e s  o f  

r o c k  w e r e  r e mo v e d  f r o m  t h e  f i r e  a f t e r  wh i c h  the a s h e s w e r e  c o o led  and save d 

f o r  t e s t i ng .  

c .  T r e a t m e n t  o f  r o a s t e d  ro o k  and a s h e s  

( 1 )  ( a )  !.!u c h  o f  t h e  r o a s t e d  r o c k  had a b r o wn i sh ,  sub -me ta l l i c l u s t e r .  

Samp l e s  we r e  c ru s h e d  to approximat e ly 10-me sh s i z e ,  a r e p r e s e ntat i ve 

po rti on  wa s p l ac e d  1n an i r o n  m o rtar and g r o und t o  approximat e ly 6 0  

t o  1 0 0  m e s h .  Thi.s wa s exam i n e d  w i th t h e  a i d  o f  a b ino cular  micro s c o p e  

(,lli. ) 

(�) 

(.!!2,) 
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and t h e n  pann e d  down .  T h e  c o nc e n t r a t e was examin e d  w i t h  the a i d  of a 

b i n o c u lar m i c ro s c o p e and w a s  t h e n  t e s t e d  by Analyt i c al P r o c e du r e  N o . 1 
(�) . hnalytic a l  P r o c e d�r e No . 3 (2!) wa s not u s e d  b e c au s e  t i n  s u l ­
ph i d e s w e r e  no t o o ta i ne u .  

( o )  a e p r e s e n t a t i v e  1 0  gm . p o r t i o n s o f  e a c h  r o a s t e d  sa.cp l e  w e r e  h e at e d  
i n  an i ron c r u c i b l e  wi t h  mut t o n  tal low to  c oagul�te any s ma l l  p a r t i c l e s  

o f  meta l l i c  t i n .  T n e  h o t  t a l l o w  was d e c a n t e d  and th e r e s i d u e  wa sh e d  
w i th o rgan i c s o l ve n t s .  T h e  w& s h e ri  r e s i du e  w a s  e xami n e d  with t h e  ai d 

o r  a b i no c u l ar m i c ro sc o p e ; and t h e  c o nc e n t r at e s ,  a f t e r  vi s u a l  e xami na­
t i o n ,  w e r e  t r e a t e d  in the mann e r  d e s c r i b e d  i n  Analy t i c a l  P r o c e du r e  No . 
1 ( 4 ; ) .  Ana l y t i c a l  P r o c e du r e  No . 3 (2!)  was n o t  u s e d  b e c au s e  t i n  su l ­
?h i d e s  �er e n o t  o o t a i n e d  • .  

( c )  R e p r e s e n t a t i v e  1 0  gm.  p o r t i o n s  o f  e a c h  r o a st e d  s amp l e  were  sub -
j e c t a o. t o  t h e  e l e c t r o - t h e r ma l ac t i o n  o f  a car b o n  a r- c. ,  I n  t h e  a r c  ;: r o ­
c e du r e  e a c h  s a m p l e  wa s u s e d  ( 1 )  al o ne ,  ( 2 )  with po ta s s i um hyd r o x i d e ,  

( 3 ) u 1 th s o d i u m  c a r b o nat e ,  a n d  ( 4 )  wi t h  b o ra x ,  

( 2 ) T e s t i n g  o f  a sh e s  o b ta i n e d  f r o m  w o o d  f i r e  r o a s t i ng : P o r t i o n s  o f  each 

sam p l e  o f  a sh e s  w e r e  t r e at e d  by t h e  p r o c e dure s d e s c r i b e d  und e r  t r e a t m e n t  

of  r o a s t e d  r o c k  ( 1 6 2 ) .  
d .  � e s u l t s : The p r e s e nc e o f  t i n  w a s  not d e t e c t e d  i n  any o f  t h e s e  t e s t s .  

7 .  F l o tat i o n  e x p e r i m e nt s  

a ,  P o r t i o n s  o f  sam p l e s  I ,  l i , I I I ,  I V , V ,  VI , VI I ,  X I , X I I ,  X I I I ,  X I V ,  and 
AV wh i c h  had b e en r o a s t e d  in the man n e r  d e s c r i b e d  und e r ( 1 6 0 ) ,  samp l e s  of t h e  
a sh e s fro m th e w o o d  f i r e s  u s e d i n  the  r o a s t i n g  p r o c edur e s  (liQ) ,  and s a mp l e s  
o f  th e un ro a s t e d  r o c k  w e r e  u s e d  f o r  t h e  o i l  f lo ta t i o n test s .  

b ,  S t an d a r d  o i l  f l o t at i o n  pro c e aur e s  u s e d i n  th e f l o t a t i o n of c a s s i t e r i t e 
f r o m  the si l i c ate  aangue by thu u a e  of .  f a t ty a c i d s ,  s o a p s  and s o d i um s i l i c a t e  
• e r a  e rn � l o y a d . 1 1 

c .  ( 1 )  ? o rti on s  o f  e a c h  f l o at c o n c e n t ra t e  a n d  e a c h  f l o at r e s i du e  w a s  e x • m -

i n e d  by th e meth o d s  d e s c r i b e d  und er Ana. :,yt i c a l  Pro c e dur e s  !l o s ,  1 ( 4 9 )  and 
2 (.2.Q.) . Anu lyt i c a l  P r o c e du r e  No . 3 (2!) >1a s  n o t  u s e d  b e c a u s e  s u lphi d e s  

• e r e  n o t  o b t a i n e d .  

( 2 )  � o rt i o n s  o f  e a c h  f l o at c o nc e ntrat e a n d  e a c h  f l o at r e s i du e  w e r e  sub -
j e c t e d  t o  t h e  e l e c t r o - t h e rmal ac ti o n  o f  t h e  c a r b o n  a r c , E a c h  w a s  p lac e d  
i n  t h e  a r c  a l o n e  and w i t h  tne f o l l o w i ng f l ux e s  ( a )  potas s i u m  hy d r o x i d e , 
( b ) s o d i u m  c arb o nat e ,  ( c )  b o rax , and ( d )  p o w d e r e d  graphi t e .  T h e  r e s u l t ing 
f u s i o n  mixtu r e s w e r e  e xami n e d  in t h e  manner d e s c r i b e d  in  ( 1 68 ) .  

d ,  ll. e s u lt s : T h e  p r e s e n c e  o f  t i n  wa s n o t  d e t e c t e d  i n  any o f  the s e  te s t s .  

5 .  T ab l e  c o n c e n t ra t i o n  c x p c r i m e n t s 3 1  

a ,  Samp l e s  I ,  V ,  and VI I w e r e  u s e d .  

b .  S e pa ra t e  po rt i on s o r  e a c h  o f  th e s e  samp l e s  w e r e  t r e at e d  o n  a l ab o ratory 
mo d e l  c o n c e n trat i n g  t ab l e 6 5  and t h e  c o nc e n t rat e s ,  mi d d l i ng s ,  and t a i l i n g s  w e r e  

exam i n e d  f o r  t h e  p r e s e nc e  o r  a b s e n c e  o f  t i n  o r  t i n  c ompound s .  

c ,  The  c o nc e n t r a t e s ,  mi dd l i n g s  and tai l ings w e r e  e a c h  t e s t ed b y  Analyt i c a l  
P r o c e d ur e s  N o s .  1 (�) a n d  2 (.2.Q.) . Analyt i c a l  P r o c e dur e No . 3 (..21 ) wa s n o t  
u s e d  b e c au s e  tin  s u l ph i d e s  w e r e  n o t  o b t a i n e d .  

N o  vi s i b l e  gravity s e parat i o n s  c o u l d  b e  d e t e c t e d  as a r e s u l t  o f  t h e  tab l i ng .  

( 1 64 ) 
(ill ) 
( 1 6 6 )  

( 1 6 8 - a )  

( 1 6 � )  

0:1..£) 
( }12:) 
o.zv 
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d .  � e s u l t s : T h e  p r e s e n c e o f  t i n  wa s n o t  d e t e c t e d  in any o f  t h e s e  t e s t s ,  

9 ·  E l e c t r o magn e t i c  s e parat i o n  e xp e r i ment s 

a .  P o r t i o n s  o f  samp l e s  I ,  I I ,  I I I ,  I V ,  V ,  VI , a n d  VI I w e r e  u s e d .  

b ,  T h e  sam� l e s w e r e  pas s e d  t h r c u Rh a s tandard, l a b o ra t o ry s i z e  e l e c t ro magn e t i c  
s e parat o r 3 1  and t h e  r e su l t i n g  f r a c t i o n s  w e r e  e xami n e d  f o r  t h e  p r e s e nc e  o r  a b ­
s e nc e  o f  t i n  o r  t i n  c o mp o und s .  

c ,  A ; > tl r t i o n  o f  e E> c h  f rac t i o n o b t a i n e d  w a s  c ru s h e d  t o  1 0 0  me s h  o.nd e xami n e d  
ac c o r d i n , ;  t o  Analyt i c a l  P r o c e du r e s N o s ,  l ( 1+9 ) o.nd 2 (.2_2 ) .  Analyt i c al ? r o c e ­
d u r e  � o . J wu s n o t u s e d  b e c au s e  t i n  s u l ph i d e s  w e r e  n o t  o b t a i n e d ,  

tl ,  .'t e s u l t s :  'l' h e  p r e a e n c e o f  t i n  w a s  n o t  d e t e c t e d  in any o f  t h e s e  t e c t s .  

1 0 �  2 l e c t r o s t a t i c  s e parat i o n  e xp e r i m e n t s 

a ,  P o r t i o n s  o f  sump l e s  l ,  I l ,  I I I , I V, V ,  and VI I w e r e  u s e d .  

;) •  i' h e  s a m ;> l e s  w e r e  pa s s e d  t h r co u gh a � tandav d ,  l a b o ra t o ry s i z e  e l e c t r o st at i c  
s e pa r �t o r 3 l  and t h e  � e s u l t i n g  f r a c t i o n s  w e r e  e xami n e d  f o r  the p r e s e n c e o r  a b ­
s e n c e o f  t i n  o r  t i n  c o mp o un d s ,  

c .  A p o r t i o n o f  e a c h  f rac t i o n  o b t a i n e d  wa s c ru s h e d  t o  1 0 0  me s h  and e xami n e d  
b y  Ana ly t i c a l  P r o c e dur e s  li o s .  ( 4 � )  and 2 (iQ ) .  A nc. ly t i c a l  i' r o c  e d u r e  N o . 3 
(,2l)  <> a s  n o t  u s e d  b e c au s e  t i n  s u l p h i d e s  ·u e r e  n o t  o b t ai n e d ,  

d ,  a e s u l t s :  T h e  pr e s enc e o f  t i n  wa s no t d e t e c t e d  i n  any o f  th e s e  t e s t s .  

1 1 .  D i�e s t i o n  o f  sarupl e s  w i t h  c au s t i c  s o d �  s o l u t i o n  

a .  S a mp l e s  1 ,  I I , 1 1 1 ,  i V ,  V ,  VI , V l l , X l ,  1 1 1 ,  1 1 1 1 ,  ll V and X V  w e r e  run 

in dup l i c a t e . 

b .  A tw e nty gr am p o rt i o n  o f  e a c h  samp l e  w a s  t r e a t e d  i n  t h e  f o l l o wi n e  mann e r : 

" C o o k  th r e e  n o ur s in a s t r ong s o l u t i o n  o f  c au s t i c s o da .  Fi l t e r ,  wa s h ,  d i l u t e , 
mak e s l i e,h t l ;r ac i d i c  w i t h  n i t r i c  ac i d  and e va p o ra t e  t o  dryn e s s - - take up i n  
b o i l i ng wat e r  s e ve r a l  t i m e s  t o  g e t  r i d  o f  al l s o d i um n i t r at e .  T e s t r e ma i n i ng 
w � i t e  p r e c i p i ta t e  f o r  t i n  o x 1 de . n6 7 

c .  T h e  r e s i d u e  r e ma i ning �rt e r  t h e  a b o vo t r e a t m e nt w e r e  t e s t e d  by b l o w - p i p e  
f u s i o n s  u s i n g  po t a s s i u m  c ;; a n i d e - l i t h a r e e  f l ux and oaa o th e l i n e  a s  t h e  t e st 

. 4 9  r e a tje n :t .  

d ,  ,{ e sul t s : 1'h e  p r e s e nc e  o f  t i n  wa s no t d e t e c t e d  i n  a ny  o t'  th e s e  t e st s ,  

1 2 .  i ly<! r o g e n  r e du c t i o n 

a .  3a;�p l e s  I ,  I l , I l l ,  I V, V ,  V I , VI I ,  and X w e r e  run in du p l i c at e .  A p o r -
t i on o f  s a mp l e  I t o  wh i c h  st ann i c  o x i d e  had b e en i nt e n t i o n a l ly a d d e d  wa s run 

a. :; a c o n t r o l .  

b ,  1' h e  apparat u s  u s e d  f o r  t h e  hyd r o g e n  r e d uo t i o n  wa s s i mi l ar t o  t h a t  u s e d  
f o r  t h o  r e duc t i o n  o f  o rgan i c  c o mp o un d s , A ty p i c a l  s e t - u p  o f  t h i s  t y p e  o f  a p ­
� � r a t u s  i s  s h own in  p l a t e  J ,  T h e  a s s e mb l e d  apparatu s c o n s i s t e d  o f  a t a n k  o f  
c o mp r e s s e d  hy d r o g e n  f i t t e d  w i t h a r e su l a t ing va l ve .  Th e r a t e  o f  f l ow o f  the  
� a s s t r e a m w a s  c o nt r o l l e d by m e a n s  of  a p r e s su r e  r e gu l a t o r .  T h e  samp l e s w e r e  
p l a c e �  i n  po r c e l a i n  b o a t s  wh i c h  w e r e  s a t  L n s i de o f  a mul l i t e  c o mbust i o n  tub e .  
T h e  la t t e r wa s p lac e d  i n s i d e o f  a n  e l e c t r i c  c o m b u s t i o n  furnac e w h o s e  t e mp e r a ­
t u r e  wa s r e �u l a t e d  by m e a n s  o f  a rh e o s t a t . A s t o p p e r  i n  t h e  i n l e t  e n d  o f  t h e  
c o ::� b u s t i o n  tub e c o n ta i n e d  a g l a z s  tu b e  t h r o ugh wh i c h  t h e  hyd r o e e n  anc the  
t h e r m o c o u p l e  e nt e r e d .  The  i n s i d e t e mp e ratu r e  of  t h e  c o mb u s t i o n  tub e wa s m e a ­

s ur e d  b y  m e a n s  o f a c h r o rr. e l - a l u m e l  t h e r m o c o u p l e  and a pyr o me t e r .  A ga s wa s h i ng 

(ill ) 
(ill ) 
(!Z§.) 
(±12) 

<U.§) 

OJU) 

( l  8 lt ) 

(!Qi) 
( l o 6 )  
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b o tt l e  c o n t a i n i ng hy d r o c h l o r i c  ac i d  was p l ac e d  on the exit end o f  the c o mb u s ­

t i o n  t ub e .  

A f t e r  p l a c i ng the b o at c o n t a i n i ng t h e  samp l e  i n s i d e  o f  t h e  c o l d  c o m b u s ­

tion t u b e  the indivi dual uni t s of t h e  a s s e mb ly w e r e  c o nne c t e d  and hy dr o ge n  gas 

was a l l o w e d  t o f l o w  through the a s s e m b l y .  When the air had b e e n d i s p l a c e d  

f r o m  t h e  a s s emb ly the t e mp e ratu � e  o f  t h e  c o mb u s t i o n  tub e w a s  b r ought t o  9 60 ° C .  
and k e pt at thi s t e mp e r a t u r e  f o r  o n e  hour . Th e n  t h e  f urnac e was c o o l e d wi th­
out i n t e rrupt ing the f low  of  hyd r o g e n  gas . 

d .  T h e  c o o l e d  sampl e s  w e r e  analy z e d  f o r  t h e  p r e s e n c e o f  t i n  a� c o r d i ng to 
Anal ytl cal Pr o c edure No . 1 (.!:!1) .  T h e  c o nt e nt s  o f  the ga s wa s h ing b o tt l e  was 
analy z e d  by r e du c t i o n  w i t h  m e t a l l i c  magne sium and t h e  r e d u c e d  s o l u t i o n  t e s t e d  

b y  m e a n s  o f  a a c o t h e l i ne .  

e ,  a e su l t s :  O n ly that samp l e  t o  which t i n  had b e en i n t e nt i o n a l l y  a d d e d  a s  a c o n­
t r o l  showe d t he p r e s e q c e  of t i n ,  

l J .  T h e �mit r e ac t i o n s  

b .  

c .  

Go l d s c hm i d t ' s  "th e r m i t "  p ro c e s s  f o r  t h e  r e du c t i o n  o f  a m e tal l i c  o x i d e  to  
t h e  m e t al d e p e n d s  u p o n  t h e  g r e a t  evo l u t i o n  o f  heat r e s u lt i ng from t h e  c o mb i na ­

t i o n  of a l u mi num w i t h  o xyge n ,  Thi s pr o c e s s  wa s d e ve l o p e d  s p e c i f i c a l ly f o :r  

t h e  r e duc t i o n  o f  i r o n  o x i d e s but  h a s  a l s o  b e e n  u s e d  f o r  t h e  r e du c t ion o f  d i f ­
f i c u l t ly r ed u c i b l e  o x i de s .  Fink and Man t e l l  have s t u d i e d  t h e  app l i cation o f  
t h e  " t h lil l'mit " r e all t i on t o  t i n  c o nc entrat e s "  

g s s a nt l a l ly t h e  r e ac t i dn 1 s : 

When t h e  r e duc t i o n i s  p o r f o :rm&d >H i ing metal l i c  aluminum the o x i d e  i s  
alumlno therml c a l ly r e duc e d  and when t h e  r e duc t i o n  i s  p e r f o r m e d  wi th m e ta l l i o  
magne s ium t h e  o x i d e  i s  magn s s 1 o t h a r mi a a l ly r e duc e d .  

A c o mpari son. o f  t h e  t h e r mo dynami 11 s  o f  t h e  i ron oxi de and the s t anni c 
o xi d e  r e du c t i o n s  shows that t h e  two �•ac t i o n s  have near ly the same o r d e r  o f  
magn i tud e ,  

Sn  + 02 • sno 2 + 14 1 , 300 c a l o r i e s .  

2 F e  + J/2 0 2  <> F e 2 o 3  + 1 9 5 1 000 c a l o r i e s .  
3 Sno 2 + 4 A l  "' 3 Sn + 2 Al203  + 36 1 , 000 c a l o r i e s .  
2 F e 2 0 3  + 4 A l = 4 Fe + 2 A 1 2 0 3  + J 94 , ooo a a l o r i e s o  

Samp l e s  r ,  I I I  and V I I  w e r e  run i n  dup l i a a t e .  

P o rt i o n s  o f  eac h s amp l e  w e r e  s ub j e c t e d  t o  a l um i n o t h e r m a l  r e du c t i o n  and 

a l so to magn e s i o t h e r mal r e d u e t i o n o  

( 1 )  The alumi no th e rmal r e duc t i o n  e x p e r i m e n t s  w e r e  p e r f o r m e d  by pr eparing 
a mixture c o mp o s e d  o f  e q ua l we i gh t s  o f  s amp l e  and p o w d e r e d  aluminum. Eae h 
mi xture was p l a c e d  in a c ruc i b l e  and a c a r t r i dg e  of magne s i um powd e r  wa s 

p l a c e d  i n  a d e p r e s s i o n  in the mixtur e ,  T h e  c a r t ridge was k i nd l e d  b y  a 

sma l l  pi e c e  o f  magn e s ium r ib b o n o  

( 2 ) The magne s i o the rmal r e ac t i o n s  w e r e  p e r f o r m e d l n  t h e  s a m e  mann e r  a s  

t h e  a lumino t h e rma l  r e a c t i o n s  e x c e p t t h a t  the  alumi num p o wd e r was r e p l ac e d  

by magn e s i u m  powd e r o  
l�ae h  fu s i o n  mi x·tur e  wa s t r e a t e d  in  t h e  manner d e s c r i b e d  i n  Analy t i c a l  

!Pr o c e dure  N o " 1 (�) . 

( 1 94 )  
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· d .  R e su l t s :  T h e  p r e s e n c e o f  t i n  w a s n o t  d e t e c t e d  i n  any o f  th e s e  t e s t s , 

D .  �u a n t i t at i v e  c h e m i c a l analy s e s  

1 .  S t an d a r d  a na l y t i c a l  p r o c e dur e s  

The f o l l o w i ng p r o c e d u r e s  we r e  i n ve s t igat e d  t o  d e t e rmine  t h e  b u s t a n a l y t i c a l  

p r o c e d u r e  t o  u s e  i n  t h e  q u an t i t a t i v e c h e mi c al d e t e r mi nat i o n  o f  t i n .  

a .  P i e r c e - Low  m e t h o d l2 5 

Thi s rue t h o d  h a s  b e en a p p l i e d  to nea r ly a l l  g r ad e s  and ty p e s  o f  t i n  o r e s  
a n d  g i ve s e x c e l l ent r e s u l t s  whe n  the p r o c edur e s  a r e  c l o s e ly f o l l o w e d .  A p pr e ­
c i ao l e  a m o unt s o f  c o p p e r ,  mo lyb d e nu m ,  vanad i um ,  a n d  o xi di zi ng a,;; o n t s  way c au s e  
e rro n e o u s  r e su l t s . ::i j.> e c  t r o ,�ra ph i c  ana ly s i s o f  Jun i p e r  Ridge sampl e s  sho w e d  
that th e s e  i n t e r f ering e l e m� nt s ,  w h e n  pr e s ent , w e r e  i n  n e g l i gi b l e  quanti t i e s .  
S o l ut i o n  o f  t h e  t i n  i s  o b t a i n e d  by an a l ka l i n e - s o d iu lli p e r o x i d e  fu s i o n .  ln 
s o me i n s tanc e s  the p e r o x i d e i s  r e p l a c e d  by c a rb o n .  A f t e r  a l l o w i n g  t o  c o o l  t h e  
f u s e d  s a m � l e  i s  p u t  into  s o lut i o n  b y  m e an s  o f  hy dro c h l o r i c  a c i d ,  c a r e  b e i ng 
t�ken to i n c l u d e  all of the f u s e ci  mat e r i a l  l e f t  i n  the f u s i o n  c r uc i b l e .  T h e  
s o lut i o n  arid any un d i s s o l ve ii mat e r i a l  i s  p l a c e d  i n  a n  i> r l e nmey e r  f l a s k ,  t h e  
ac i d ity i s  ad jus t e d ,  vo lume o f  s o lu t i o n  i s  a d ju s t e d ,  a r e duc i ng a g e n t  i s  adde d ,  
and d i g e s t i o n  c a r r i e d  o n  f o r  a s ta t e d  l e ngth o f  t i m e .  T h e  r e du c e d  s o l u t i o n  

i s  t i t r a t e d  w i t h a s tandar d  s o l u t i o n  o f  i o d i n e  u s i ng s tarch indic at o r .  T h e  
t i t rat i o n  i s  c ar r i e d  o n  i n  a n o n - r e duc i ng at m o s p h e r e  o f  c arb o n  d i o x i d e ,  a n d  
an i nd i c at o r  b l ank i s  run .  

b .  H i l l e b rand and Lun d e l l  metho d l 2 6  

T h i s m e th o d  i s  very s i m i l ar t o  th e P i e r c e - Low m e t h o d e x c e p t  that a s t r e a m 
o f  carbou d i o xi d o  i s  bubb l e d  thr ough t ha s o l u t i o n  du r i n g  t h e  r e d u c t i o n  and t h e  
t i trat i o n ,  and th e r e duc t i o n  is  c ar r i e d  o ut b y  m e a n s  o f  t e s t  l e ad , 

c .  T h e  cyani d e  meth o d8 7 , 88 
Thi s me tho d d e p e nd s  u p o n  t h e  r e d uc t i o n  o f  t i n  o x i d e  t o  the me t a l  by t h e  

a c t i o n  o f  p o t a s s i u m  c yani d e . T h e  t i n  i s  o b t a i n e d  i n  t h e  f u s i on p r o duc t i n  th e 
f o rm o f  a m e t a l l i c  b u t t o n  wh i c h  i s  t h e n  analy z e d  f o r  c o n t e n t  o f  t i n  u s i n g  o n e  
o f  t h e  vo l u m e t r i c  p r o c e d u r e s .  

2 .  Ana ly t i c a l  p r o c e d u r e  u s e d  

,\n i o d i n e  s o l u t i o n  w a s  p r e par e d  and s t andar d i z e d  u s ing ar s e n i o u s  o x i d e  a s  

th e primary s t andard a n d  s t a r c h  a s  t h e  i nd i c a t o r .  T h e  t i n  t i t r e  o f  t h e  i o d i n e  
s o l u t i o n  wa s c h e c ke d  w i th s t an d a r d  s o l ut i o n s  o f  t i n  p r e pa r e d  b y  d i s s o l vi n g  a 

w e i gh e d  q u an t i ty o f  t i n  i n  hy d r o c h l o r i c  a c i d  and di l ut ing t o  a d e f i n i t e  vo l ume  i n  
a vo l u m e t r i c  f l a s k .  A l i q u o t  po r t i o n s  o f  th i s  s o lu t i o n  w e r e  u s e d  t o  c h e c k  the 
s t a n da r d i zat i o n  of the i o d i n e  s o l u t i o n .  The H i l l e o rand and Lun d e l l  m o d i f i c at i o n  
o r  t h e  P i erc e - Lo w vo l u m e t r i c  m e t h o d was u s e d  t o  a n a ly z e  t h e  s t and�rd s o l ut i on s  o f  

t i n .  

a .  ( 1 )  T w o  d i f f e rent s a m p l e s  o f  c as s i t e ri t e  w e r e  analy z e d  b y  t h i s p r o c e du r e . 

R e su l t s  o f  analy s i s :  78 . 0% t i n  a n d  76 . 1� t i n . 

( 2 )  Dup l i c at e  sampies  o f  a m i x t u r e  o f  s amp l e  I and Sn o 2  add e d  in such 
� r o p o r t i o n s  that t h e  m i xtur e c o nt a i n e d  1 , 0 0 %  S n 0 2  w a r e ana ly z e d  by th e 

a b o ve p r o c e du r e . R e s u lt s  o f  analy s i s  1 . 02� t i n  and 0 . 9 6% t i n .  

( J ) Dup l i c a t e  samp l e s  o f  J u n i p e r  R i d g e  r o c k  s am p l e s  I ,  I I ,  I I I ,  I V, v ,  

VI , VI I ,  VI I I ,  and IX  w e r e  a na l y z e d by t he ab o ve pro c e du r e .  

(!2.2) 
(!Q.£) 

( 2 0 2 )  

( 2 01� ) 



w �  iiO S ll l t s  O f  analy s i s :  

1 
l i  

1 1 1  
I V  

v 
VI 

\il l 
VI I I  

L< 

1 
o . o oc _.�: 
() ., 000% 
0 . 001;;1  
O c OO l'}; 
G . (J 0 5-_;; 
O .  OOO:�· 
0 . 0 0 1  
o �  o o  ;�;·c 
o .  00 y;; 

2 
.3 n 0 :. 8 00 ;� S n  

Sn o . oo l '� Sn 
5n O.  OO J;� Sn  
Sn G .  O O L,�  S n  
S n  0 . 002;; S n  
Sn o.  000';� Sn 
Sn  0 a OQ 3:� Sn 
S .n  0 . 003;� Sn 
S.n o .  002.'f  Sn 

S n a t - t i n  wn s t h o r 0 ugh ly m i x e d w 1 th p o r t i o n s  o f  Jun i p e r  R i d� e  rock wh i c h  had  
o e en �:r 0 und t o  1 0 0  me s h D  Samp l e �  l ,  ! I ,  and I I I  w e r e  u s e d o  T he t j. n  c o nc e n t r at i o n  
o f'  e :l c h  :�! i xtu r e  ,, ,-;, s  2 0 o 0 0 .- .:�  r_Ld d e d  t :: r:.  a n d  t !1. a ::;� 1 � .ixture s t'f e :� G  ana lyz e d  b y  t h e  c ye.­
ai d e  t· u s i on m e t h o d  i n  th e r c� l l o w i n c  �an n e r Q  r e �  s r a m s  o f  a a e h  m i xtu r e  � e r e  1a i x e d  
•·: i t.t1 2 0  ,-� r :.:.:. :-� s  lJ f  ,o o tn.. & .s l u n:  c yo.ni. d e: �. ..t £ ma l l f i r t1 c l a:t c ru c i b l e  w a s  u s e d  f o r  t h e  
f u s i on £ � � �  i t s  u o t t o m  wa s c o ve r e d  w i th 2 J r a m s  o f  po t a s s i u m  cyani d a .  The  m i xtur e 
o f  � a t � s s i u m  c ya n i d e  and sa� r l a  wa a p l ac e d 3D t o p  of t h e  p o t a s s i u m  cyani d e  lay e r ;  
t h �  c h � r g e  w a s  c o v e r e �  w i t h  J � r u m s  o f  f 0 1 a s s i �m cyani d e  c a p p i ng and tt1e c ruc i b l e  

ua s c o vo � a d .  r h e  c ru c i b l e  c a nt a l � 1 ng the aharge w a s  h ea t e d  i n  a n  R l e c t r i c  muf f l e  
·t o 9 0 0 °  c �  a n d  ke ) t  a t  that ·� e mp e � a. t � r e  f o r· t � i rty �i nut e s o  2 a c h  b u t t o n  w a s  r e -

t> �.r �o v e d  f � o �  t h e  o o o l o d  c harge and analy z e ci/� ns v o .l uce � r i c  p r o o e du � e  a s  1J r e vi o � s ly 
ci e ::J c r i b e d  (;� 0�!. ) ., �t. a s !.tl t s  c f  ana ly s i s 1  .Sam� l e  l �t l d " 2 6;�� t i n _.  samp l e  1 1 , l b o 2 �j 
t i n ,  and sam p l e  1 1 1 , 1 7 � �8% t i n [  7h e s e  � e p r e s e nt t i n  r e c o ve r i e s  by t h i s m e t h o d  
o f  9 1 . ).�, ? 1 �  and  6 9 �  � e s p e o ti ve l � �  the s e  a � a  no t u n s a�i s f a c to ry r e c o vu r i c s  
:· o r  n i �h c o nc e n t r a t i o n s  o f  t h i s  � e ·t a l, � h a n  a s say e d  by f i r e  m e t h o d s �  Su c h  r e c o ve ry 

to 1 . 78�. l h a r e f o r e , a 

c o mm o r c i a l  t i n  o r a  e v a n  o f  marg i na l  g r a d �  w o u l d  b e  d e t e r m i � e d  wi t h  sb t i s f a c t o ry 
a c curacy by t h i s � s � h o d �  

f h e  c ya n i d e  f � s ! o n  meth?d o f  t i !l an� ly s i s a pp l i e d  t o  t h u  samp l a z  o f  Juni p e r  
a i d .�; e r o c k  f�� i l G C  t o  l" t: � o ve r  a. r£l. e t. �.:o l 1 i c  in;. t ·t c n  .f r• o m  any o f  t n e  f u s i o n  ma l t s .  

e .  2ve c t r o c h e m i c a l  ana lys i !  

l .  ;.:xp e r i m o n t s  p 9 r f o rm e d  a. t t h e  N ew Y o r• k  Stat e G o ll e ge o f  C e rami c s ,  ;;. H r e d ,  l i e w  Yo rk 

(�) 

<li!.V 

a .  Two samp l e s  o f  J u n i p e r  . rU d1;>; e  r o c k  1v e r e  s ent to t h e  auth o r  at th e N ew Y o r k  (!!£) 
S t a t e  C o l l e g e  o f  C e raml e s . 5 6 One  s a mp l e  w a s  unnumb e r e d  and c o n s i s t e d  of p i e c e s  
o f  r o c k  a p p r o x i mat e ly 1/1 6 11  i n  s i z � ,  t h e  s am p l e  w e i ghing app r o x i mat e ly s ix 
p o und s .  A r e p r e s e n ta t i ve p o r t i o n  o f  t h i s sam p l e  w a s  gro und t o  100 me sh s i z e  
a n d  u s e d  f o r  ana ly s i s .  The o t h e r  samp l �  wa s numb e r e d  K- 2 9  ( X )  and c o n s i s t e d  

o f  � b o ut t w o  o unc e �  o f  powd e r  o f  1 0 0  me s h  s i z e ,  T h e  K • 2 9  s a mp l e  ( X )  wa s t h o r -
o u g h ly �i x e d  and d i vi d e d  into thr e e  equal p a r t s .  One par t  wa s h e l d  f o r  ana ly -
o i s  � n d  t h e  t w o  r e ma i n i ng part s  w e r e  s en t  t o  t w o  d i f f e r $nt s p e c t r o g raphi c lab ­
o r c t o r i a s  f o r  c h e c k  ana lys i s .  

� .  The  s p e c t r o graph i c  l ab o ra t o ry a t  t h e  N e w  York State C o l l e g e  o f  C e rami c s 
i s  e q u i p p e d  w i t h  a l a r g e  Li t t r o w � �o d e l  q uar t z  sp e c tro graph manufac tur e d  by the 
Bau s c h  a n d  L o mb Opt i c a l  C o rnpany . 5 A pro j e c t i o n  e n l ar ge r ,  a s p e c trum measur i ng 
ma�u i f i e r , 1 2 7  a n d  a m i c r o s c o p e  w i th an e y e p i e c e  w i t h  a f i x e d  s c a l e  w e r e  u s e d  
t o  n t udy t h e  s p e c t r o gr am s .  � ph o t o a l e c t r i e  d e n s i ty - c o mp a r a t o r  wa s u s e d  t o  

Ja e a s u r <) s p e c tr u m  l i n e  d e n ., i t i e s .  ;. rn o ·� o r - g e ne re. t o r  s e t  wa s u sed t o  furni sh 
d . c .  v o l tage f o r  the a r c . " S p e c - f u r e " A c h e s o n  graph i t e  e l e c t ro d e s  and H i l g e r  

c o p ;> e r  e l e c t r o d e s ,  l £.b o r at o 1•y nc . 1 0 1 300 w e r e  u s e d  a s  e l e c t r o d e s f o r  t h e  d . c .  
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& r o . C . p . s t ann i c o x i d e  a n d  c . p . s h o t - ti n w e r e  u s e d  t o  pr o du c e r e f e r e n c e  s p e c ­

t r o grams o f  t i n .  � v e r y  s p e c t r u m  was p h o t o g r a p h e d  i n  Juxt a p o s i t i o n  w i th . the 

s p e c trum or pur e i r o n .  H i l g e r  i r o n  r o d s . l ab o rat o ry no . 8 0 )8 ,  w e r e  u s e d  to 

f u r n i sh t h e  i r o n  s p e c trum. 

c .  D . o .  arc e xc i t at i o n  w a s  u s e d  a n d  every samp l e  was burn e d  t o  c o mp l e t i o n .  (!!l) 
Graph i t e  e l e c t ro d e s o f  t h e  f o llo wing si z e s  w e r e  u s e d : 5/ 16 1 1 1 4/ 1 6 11 ,  )/ 1 6 " ,  

and 2/ 16 11 • Thre e - s i x t e e n t h  i n . i n  d i a me t e r  c o p p e r  r o d s  w e r e a l s o  u s e d  a s  e l e c ­
t r o d e s .  T h e  s p e c t rum range f r o m  2 J O O A  t o  5 0 0 0 A  was stud i e d .  Ea s t man 3 3 ,  E a s t ­
m a n  P r o c e s s  a n d  Ea stman P anPr o c e s s  p l at e s  w e r e  u s e d  d e p e n d i n g  upo n t h e  s p e c • 
t rum r e g i o n  und er  inve st igat i o� . T h e  wave l en g t h s  o f  t h e  l i n e s  in t h e  s p e c t r o ­

g r a m s  w e r e  m e asur e d  w i th r e f e r enc e t o  known i r o n  l in e s  i n  t h e  s p e c t r u m  o f  pure 
i r on and a l s o  w i t h  r e f e r e nc e  t o  known i r o n  l i n e s in  the s p e c t r o g rams u n d e r  in• 
ve s t igat i o n thu s t a k i ng advantage o r  an int e rnal s tandard . L i n e  m e a sur e m e n t s  

w e r e  mad e �n t h e  p r o j e c t e d  i ma g e  of t h e  s p e c t r o gram s and a l s o  b y  me an s o f  a 
m i c r o s c o p e  with a c a l i b r a t e d  e y e p i e c e .  Wave l ength m easur e m e n t s  w e r e  a c c ura t �  

t o  0 . 0 5 A o  E a c h  o f  t h e  ab o ve l i s t e d  g r a p h i t e  e l e c t r o d e s  w e r e  u s e d  t o  h o l d  th e 

sam p l e f o r  e ac h o r  the a n a l yt i c a l  m e th o d s  u e e d .  Samp� e s  var i e d  i n  s i z e  from 
1 0  m g .  t o  1 0 0  mg . d e p e n d i ng u p o n  the  s i z e o f  the e l e c t r o d e s  u s e d .  T h e  samp l e  
was h e l d  i n  the c u p  mad� i n  t h e  end o f  a n  e l ec t r o d e .  A s p e c i a l  c u t t i ng t o o l  

e na b l e s  c up s o r  k n own d e p t h ,  uni f o r m  wal l t h i c kn e s s  and f lat - t o p p e d  e n d  t o  b e  
o b t a i n e d .  T h e  u p p e r  e l e c t r o d e  was p o i nt e d .  

( 1 )  Qualitati ve s p e c t r o c h e m i c a l ana ly s i s  

1 .  
M e t ho d s  u s e d  t o  pro duc e spe c t!! •  

D . c .  � r c  u s ing samp l e  a l o �e 
t i ve . a e p e a t a d  w i t h  ( a )  m i xt u r e  
( b )  m i x t u r e  o r.  sam p l e  and  so d ium 
a n d  a mm o n i u m  nitrat e . 43  

i n  l o w e r  c a r b o n  whic h w a s  mad e 4o s i ­

o f  s a m p l e  a nd graph i t e  du st , 48 ,  3 
carbonate , 5 8 and ( c )  m i x t u r e o f  s am p l e 

2 .  D . c .  a r c  samp l e  in' l o we r  c arb o n  w h i c h wa s n1ad e n e ga t i ve ,  R e p e a t e d  

u s i n g  m i xtur e s  l i s t e d  i n  ( 2 1 3 -a )  • 

.3 · C at h o d e  layer method72  lU l i n g  S!l.mpl e . a l o n e , R e p eat e d  u s i n g  m i xt u r e s  

l i s t e d  i n  ( 2 l ��a) . 
4 .  lrac t i o n a t i n g  e l e c t r o d e a 3 8 u s ing s amp l e a l o n e . R e p e at e d  u s ing 

m i x t u r e s  l i s t e d  i n  ( 2 1.3-a ) . T h e  e l e c t r o d e  h o l d i n g  the s a mp l e  wa s mad e  

po s i t i ve in  o ne s e r i e s  o f  t e s t s  and w a s  mad e n egat i ve i n  an o t h e r  s e r i e s 
o f  t e s t s .  

5 ·  Hi gh s t r e a m i n g  ve l o c i ty aro .3 9  u s i ng t h e  samp l e  a l o n e . R e p e a t e d  

u s i n g  m i xtu r e s l i sted  in  ( 2 13-a ) . The  e l e c tr o d e  h o l d ing the samp l e  was 
made , po s it i ve i n  one a e r i e s , o f t e s t s  and was m a d e  negat i ve i n  ano t h e r  

� e r i e s  o f  t e s t s .  

6 .  Dup l i cate p o r t i o n s  o f  unnumb e r e d  samp l e  an� s amp l e  K • 2 9  ( X )  were  
a n a ly z e d  u s i n g  H i l g e r  c o p p e r  e l e c t r o d e s ,  labo ra:t o ry no . 10 , 30 0 .  Arc  
c o n d i t i o n s w e r e  1 1 0 vo l t s  � 5 amp s . , 3 mm . e l e c t r o d e  gap , a n d  s am p l e  

w a s  b u r n e d t o  c o m p l e t i o n .  

i!: a. c h  p r o c e dur e , wh e r e  graph i t e  e l e c t r o d e s w e r e  u s e d ,  w a s  c ar r i e d  o u t  

und e r t h e  f o l l o w i n g  d i f f e r e nt arc c o ndi ti o n s :  ( a )  1 10 vo l t s  - 3 am p s . , 

( b )  1 1 0  vo l t s  - 6 amp s . , ( c )  1 5 0  vo l t s  • 1 2  amp s . 1 ( d) 3 mm.  e l e c t r o d e  ga.p , 
a r o t at i n g  s e c t o r  wa s u s e d  b e t w e e n  t h e  ar c a n d  t h e  s l it  o f  t h e  s p e c t r o ­

graph t o  avo i d  e xc e s s  bac kgr o u n d  o n  the  pho t o graph i c  p l at e .  

(llJ) 
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T h e  f o l l owing sp e c t ru m 1 1n�s w e r e  used for  t h e  i d e nt i f i c at i o n  a n d  
e s t i m at i o n  o f  t i n : 

7" 4 1 2 34 5 . 8 1� n 

4 7 5 , 1 2 9 , 4 1 , 12 2 2 9 . 50 -
7r:. 4 1  12 2 54 6 . 55 n ' 

2 6 6 1 . 2.275 , 41 , 1 2 
' 6 75 , 1 3 0 , 1 2 9 , 4 1 , 6 9 , 1 2 270 . so 
8 8 36 , 72 , 7 5 , 1 30 , 1 2 9 , 4 1 , 30 , 1 31 , 5 3 . 1 32 , 1 2 , 1 33 2 39 · 9  2 . 

2 8 6 J . J2 7J6 , 1 5 , 2 5 , 7 5 , 1 30 , 1 2 9 , 4 1 , 30 , 2 9 , 1 3 l , 5 3 , 1 32 , 1 2 , 1 33 

300 9 . 14736 , 7 5 , 1 2 9 , 4 1 , 30 , 1 3 1 , 6 9 , 5 3 , 1 3 2 , 12 
8 1 5 , 4 1 , 12 

� 
30 34 . l 2 1 J6 , 72 , 7 5 , 1 2 9 , 4 l , J0 , 1 J l , 6 9 , 5 3 , 1 32 1 l 2 

36 , 72 , 1 5 , 7 5 ,130 , 1 2 9 , 4 1 , 30 , 1 31 , 6 9 , 5 3 , 1 3 2 , 1 2 , 133  3175 . 012  
6 8 36 , 1 5 , 2 5 , 7 5 , 1 30 , 1 2 9 , 4 1 , )0 , 1 3 1 , 5 3 , 1 3 2 , 1 2 , 13 3 , 2 9  3 2  2 .)2 

6 1 5 , 75 , l J0 , 1 2 9 , 4 l , c 9 , 5 3 . 1 2 
� 

8 1 30 , 1 2 9 , 41 , 5 3 . 76 , 12 � 
4 524 • 71H 36 , 1 30 , 1 2 9 , 4 1 ,  5 3 1 1 32 , 76 , 12  

T e s t s  w e r e  r u n  i n d a p e n d o rrt ly b y  t w o  di f f e r e nt o p e r at o r s .  

( a )  R e su l t s o f  analys i s  

· T h e  unnumb e r e d  s a m p l e  and K - 2 9  samp l e  ( X )  w e r e  f o u n d  t o  c o ntain 
app r o x i ma t e ly o . O O l% of t i n .  

( 2 )  ;;.u an t i t a t l ve spe c t r o ch e mi c a l  analys i s  

A s � r i e s  o f  s t andard sampl e s  w e r e  made u s i n g  a b a s i c  c o mp ound c o m• 
p o s e d  o f  1 0 0  part s a l umina and 2 5  p a r t s anhyd r o u s  s i l i c i c  ae i d 1 2 B  as the 
�at r i x  a n d  s t �nn i c  o x i de a s  the s o ur c e  of t i n .  The standa� d s  c o n t a i n e d 

t�a  f o l l owing c o n c e n t r at i o n s  o f  t i n : 5 · 0%, J . O%, l . 0%1  o . sfi , 0 . 1%,  0 . 0 5-,  
o . O l % ,  0 . 00 5�, 0 . 001%, a n d  0 . 0 0 0 5%· T h e  p r o c e dur e u s e d  for  t h e  s p e c t r o ­

g r a p il i c ana ly s i s  o f  e name l f r i t s  wa s u s e d . 1 2 7 v n e - o n e  t h o u s and t h  p e r c ent 

of t i n  c o u l d  be d e t e c t e d  u s i ng t h e  s t anda r d s .  

( a )  a e s u l t s o f  analy s i s  

T h e  unnumb e r e d  samp l e  and samp l e  K- 2 9  ( X ) c o ntai n e d  appr o x i mat e ly 
0 . 0 0 5% t o 0 . 00 1% t i n .  

2 .  Zxp e r i ment s p e r fo rme d at the  P o r t l and o f f i c e  o f  t h e  O r ego n Stat e D e pa r t m e nt o f  
G e o l o gy  an d Min e ra l  I n d u s t r i e s. 

a .  Dupl i c a t e  p o rt i o n s  o f  s a m p l e s  I ,  I I ,  I I I ,  I V ,  V ,  VI , VI I ,  VI I I ,  and I X  
we r e  u s e d .  

T h e  s p e c t r o graph i c  lab o r at o ry o f  t h e  O r e g o n  S t a t e  D e partment o f  G e o l o gy 
and Mi n e r a l Industri e s  i s  e q u i p p e d  wi th a ) • m e t e r  grat i n g  s p e c t r o graph manu­
f a c t ur e d  by Ba i r d A s s o c i at e s .  A p r o j e c t i o n  e n l ar g e r ,  a s p e c trum measuring 
magni f i e r , 1 2 7  and a b in o c u lar m i c r o s c o p e  e q u i p p e d  w it h  e y e p i e c e  s c a l e s  w e r e  

u s e d  t o  s t u dy t h e  spe c t ro gram s .  A Gaertne r m i c r o d e n s i t o m e t e r 1 34 was u s e d  t o  
m e a s u r e  s p e c t r u m  l i n e  d en s it i e s .  A m o t o r- g e n e r a t o r  s e t  wa s u s e d  t o  f u r n i s h  

d . c .  vo l ta g e .  "Sp e c - Pur e "  A c h e s o n  Graph i t e  e l e c t r o d e s  w e r e  u s e d  f o r  analy s i s ,  

( 2 16 )  

(ll.Z) 

( 2 1 8 )  
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and H i l g e r  i r o n  r o d s ,  l a b o r a t o ry n o . 8 0 38 , w e r e  used to furni sh iron s p e c t r a .  

c .  D . c .  e x c i ta t i o n  wa s u s e d and al l saw p l e s w e r e  burned t o  c o mp l e t i o n .  T h e  

s p e c t r u m  range 2 1 5 0 A  t o  5 500A was inve s t igat e d .  Ea s t man 3 3 ,  Eastman P r o c e s s ,  
and Eastman P anP r o c e s s  p l at e s  w e r e  u s e d  d e p e n d i n g  u p o n  t h e  p o r t i o n  o f  th e 
s p e c t r um und er i n ve s t i gat i o n .  The same type o r  graphi t e  e l e c t r o d e s  and t h e  
a n a l y t i c a l  p r o c e dure s d e s c r i b e d  und e r  (ll!) ( 2 12- a )  ( 2 1 6 ) .  

d .  1\ e s u l t s  o f  a n a ly s i s :  A l l  o f  t h e  J un i p e r  Ri dge r o c k  samp l e s ana ly z e d  s h o w e d (ill) 
t h e  pr e s enc e o f  s l i ght t r a c e s  o f  t i n ,  rar.g i n e  i n  c o nc entrat i o n s  o f  b et w e e n  
0 . 005% and 0 . 001% .  

. C ON C L US I ONS 

1 .  Qua l i ta t i ve c h e mi c a l p ro c e dur e �  wh i c h  w e r e f o und to g i ve p o s i t i ve t e s t s  w i t h  

2 .  

standard s a m p l e s  o f  Jun i p e r  R i d g e  r o c k  t o  wh i c h  meta l l i c  t i n  o r  c o mp o un d s  o f  t i n  
h a d  b e e n i n t e nt i o n a l ty a d d e d ,  f a i l e d  t o  d e t e c t  t h e  pr e s en c e  o f  t i n  o r  i t s  c o m p o un d s  

i n  the Juni p e r  R i d g e  r o c k  samp l � s u b m i tt e d  for  ana ly s i s ,  Th e s e  t e s t s  s h o w  that 

Jun i p e r  Ri dg e r o c k  samp l e s  ana ly z e d  do not c o nt a i n  t i n  or tin c o mp o u n d s  in c o n c e n ­

t r a t i o n s  a s  h i gh a s  0 . 1�  t i n .  

Quant i ta t i ve c he m i c a l  pr o c e d ur e s, wh i e h  h a d  gi ven sati sfactory r e s u l t s  when u s e d  
t o  analy z e  standard sam p l e s  o f  J u n i per R i d g e  ro c k  t o  wh i c h  metal l i c  t i n  o r  c o mp o un d s  

o f  t i n  had b e e n  int e nt i o na l ly a d d e d ,  f ai l e d  t o  s h o w  t h e  p r e s e nc e  o f  ·t i n  or tin c o m­

p ounds in t h e  J u ni p e r  ni d g e  r o c k  samp l e s  subm i tt e d  f o r  ana ly s i s t o  b e  p r e s ent i n  

c o nc e n t ra t i o n s  great e r  t h a n  0 . 00 5%• 
3· Spec tro c h e m i c al a n a ly s i s  s h o w e d  the c o nc e n t r a t i o n  of tin o r  tin c o m p ound s in 

J uni p e r  JU d g e  r o c k  s amp l e s  sub m i t t e d  t' o r  analys i s  t o be from 0 . 005� to O . OOl% ti n .  
<m> 
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S UMMARY AN D C ONC L US I O N S  

A .  � a s s i t a r i t e  and , t o  a v a ry mino r e xt e nt , stann l t e  a r �  t h e  t i n - b e a r i ng m i n e r a l s  
i n  a l l  t h e  34 0 - o d d  p r o p e rt i e s  whi ch  h�ve in  the  p a s t  o r  a r e  s t i l l  p r o duc i ng c o mm e r ­

c i al t i n  th r o ugh o u t  t h e  wo r l d .  The s e  � i n e ra l s  w e r e  n e i th e r  s e e n  no r f ound i n  Jun i ­
p e r  R i dg e  s am p l e s .  

B .  N o n e  o f  t h e  o th e r  f i f ty - s i x  mi n e ra l s  l i s t e d  b y  va r i ou s auth o r i t i e s ,  a s  c o nt a ip-

i ng tin a s  an e s s ential  o r  a c c e s s o ry c o n s t i tuent,  was i d e n t i. f i e d in Juni p e r  R i d g e  
ro c k o 

C .  Rec o r d e d o c c ur r e nc e s  o f  t i n  thr ough o u t  the wo r l d  show t h e m  t o  o c c ur a s  d e p o s i t s  
e i th e r  i n  o r  as s o c ia t e d  w i t h  w e l l - d e f in e d  p e gmati t e s , h i gh - t e mp e ra t u r e  o r  r e p l a c e ­

m e nt ve i n s  and c on t a c t me tamo r p h i c  d e p o s i t s ,  usua l ly w i th i n  o r adJac ent to  ctran i t o i d  
r o o ks . Th ey 11 l s o  o c c u r  i n  p l a c e r s  d e r i ve d  f r o m  such d e po s i t s .  Thi s a s so c i at i o n  w i th 
gran i t i c  r o c k s  o r  v e i n  syst e m s  ap pear s t o  b e  uni ve r s a l . A t  Juni p e r  R i dg e ,  t h e r e  i s  
n o  g rani t e  r o c k  n o r  i s  t h e r e  any s i gn c f  hy dro thermal o r m e ta s o mat i c  ac t i v i ty ,  a l way s 
a s s o c i a t e d  wi t h  t h e  ab o ve t y p t s  o f  m 1 n s r a l i zat i o n ,  

D .  Qua l i tative c h e m i c a l  p r o c edur e s  whi c h  w e r e  f o und t o  g i v e  p o s i t i ve t e s t s  w i t h  
s tandard samp l e s  o f  ,Jun i p e r  Ri dge  ro c k  to whi c h  me t.al l i c  t i n  o r  o o mp o u n d s  o f  t i n  had 
b e en added fai l e d  t o  d e t e c t  th e p r e s ena e o f  t i n  o r  l t s  c o m p o und s i n  t h e  J un i p e r  R i d g e  

r o o k  samp l e s  ana ly z e d .  Th e s e  t e s t s  s h o w  that J uni p e r  a i d � e  r o c k  do e s  not c o nta i n  
t i n  o r  t it-.  c o mp o und s in  c o n c entrat i o n s  a s  h i gh a s  O c  1% t i n ,. 

E .  Quan t i t at i ve o h e r1l1 e al pro c e du r e s  wh i c h  had  ei ven s at i s f a. c t o l"'y r e s u l t s  wh en u s e d  
t o  ana l y z e  s t andard s a m p l e s  o f  Jun i p e r  Ri dge  r o o k t o  whi c h  m e t al l i c  t i n  o r  c o m p o u n d s  
o f  t i n  h a d  b e e n  a d d e d  f a i l e d t o  s h o w  t h e  pr e • e n a e  o f  t l n  o r  t i n  c o mp o un d s  i n  Jun i p e r  
R i d g e  r o c k  s a m p l e s  a na ly z e d  i n  c o nc entra t i o n s  e r ea t e r  t h a n  . 00 5% t i n .  

F .  S p e c tro graph i c  analy s i s showe d t h e  c o n c e nt r a t i o n  o f  t i n  i n  Juni p e r  R i dge r o c k  
s am p l e s  analy z e d  t o  b e  f r o m  o n e  t h o u sa n d t h  t o  f i ve t h o u s an d t h  o f  o n e  p e r c e n t  ( 0 . 00 1% 
to 0 , 0 0 5 % )  t i n ;  wh i c h  general ly c o nf o r m s  to p e r c entag e s  o f  t i n o e c tl r r i ng in many 
s i m i l a r  ac i d  i gn e o u s r o c k s t h r o ugh o u t  the wo r l d .  C o mm e r c i a l  l o d &  t i n  o r e , as in t h e  
B o l i vi an t i n  d e p o s i t s ,  average s f r o m  o n e  t o  thr e e  p e r c ent t i n ; i n  C o rnwa l l ,  o n e  t o  

t h r e e  p e rc e n t ; a n d  i n  T a s mani a ,  t w o  t o  thr e e  p e r c e nt ( L 1Ddgr en , 28 : 6 5 7 ,  737 , 74 1) . 

( 22 6 )  

( 2 28 ) 

CU£) 
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F i r s t  Bi enni al R e p o r t o f  the Depar tment , 1 9 3 7• 1 9 38 • • • • • • • • ( o ut o f  print) 
O r e g o n  Metal Mi n e s  Handb o o k ·  b y  t h e  s t a f f  

A :  Ba k e r ,  Un i o n  & lfa l 1 ow a  c o u n t i e s ,  1 9 39 • • • • • • • •  B :  Grant .t Jolo r r o w ,  Umat i l l a  c o unt i e s ,  1 94 1 .  • • • • • • • 
C :  Vo l .  l f  C o o s t  Curry , Dougl a s  c o un t i e s ,  1 94 1  • • • • • •  Vo l .  I , S e c 10 i o n  1 �  J o s e p h i n e  c o unt: , 1942 • • • • • •  

S e c t i o n  2 1  J a c k s o n  c o unty \ m s s· , ) • • • •  , • 

G e o l o gy o f  Sal e m  Hi l l s  and N o r t h  Sa nt i am Ri v e r  Bae i n ,  O r e g o n ,  1 9 3� :  T h o s ,  P .  Thay e r . 

F i e l d I d enti f i c a t i o n  o f Mi n e ra l s f o r O r e g o r  P r o s p e c t o r s  and C o l l e c t o r s , • . • 
2 n d  e d i t i o n  9 4 1 : c o mp i l e d  b y  Ray c .  X r eashtlr • , • • • • , • • • • • • • • • •  

llangane s e  i n  O r e g o n ,  1 942 1 by t h e  staff • • , • • , • • • • • • • • • • • • 

F i r s t  A i d  to F o s si l s 3  o r  Jhat to Do B e f o r e  th e P a l e o nto l o g i s t  C o m e s ,  1 � 3 9 : J . E . Al l e n  • •  

Dr e dg i ng o f  Farmland in Orego n ,  1 9 J9 : F . W .  L i b b ey • • • • • • 

Analy s e s  i O t h e r  P r o p e r t i e s  o f  Or egon C o als , 1 940 � H . Fo Yanc ey and M. a.  Ge e r  • , 

2 n d  B i e nni al R e p o r t  o f  t h e  De partm e nt "  1 9 3 9 - 1 940 • • • • • • • • • • • • • • • •  

G e o l o gy o f  the Bu tte  Fal l s  Quadrangl e p  . 1 94 J :  lf < D o  Wi l k i ns o n ,  e t  a l . .  
An I n ve t t i gat i o n  o f  t h e  R e P.o r t e d O c curr e nc e o f  T i n  at J u n i p e r  Ri dg e , Or e go n , 9�2 : H .  C o  Har r i s o n  o o • o • � • •  o � • • •  o • • • • • • • •  

24 . O r i gi n o f  the B l a c k San d s  o f  t h e  C o a s t  o f  S . W , O r e go n ,  1 9 4 2 : W . H .  Twe nh o f e l • •  

2 5 .  3 r d  B i e nni a l  R e p o r t  o f  the  D e pa r t m e nt , 1 94 1 - 1 ,4 2  • • • • • • • 

G . M, I .  -SH O RT P APERS 
1 .  P r e l i mi nary R e p o r t  u p o n  O r e g o n  S a l i n e  Lak e s ,  1 9 3' :  O , F .  Staf f o r d  
2 .  I n d u s t r i a l  Aluminu m • A Bri e f  Survey , 1 940 � L e s l i e  L .  l.lo t z  • • • •  

4 .  
5 ·  

Advanc e Repo r t  p n  S o m e  Qu i c ks i l v e r  P r o s p e c t s i n  But t e  Fal l s  Qu a d r a ng l e ,  
O r e go n ,  1 9q0 : W . D .  li l k i n s o n  • o • • • • • • • • • • • • • • • • • 

F l o tat i o n  of O r e g o n  L i m e s t o n e ,  1 940 : J , B .  C l e111111 e r  and B .  H .  C l em1110 n s  • • •  

Survey o f  N o n- Li e tal l 1 c  Mi n e r a l  P r o duc t i o n  o f  O r e g o n  f o r  1940 : 1 941 : C .  P_. H o l dr e dge • 

6 .  Pumi c e  and Pumi c i t e ,  1 94 1 :  J am e s  A. Adams • • • • • • • • • •  

7 •  G e o l o g i c  H i s t o ry o f  the  P o r t l and Ar e a ,  1 9 4 2 � Ray c .  T r e a s h e r .  

8 .  S t rat e g i c  & Cri t i c a l  M i n e r al s ,  A Gu i d e  f o r  O r e g o n  P r o s p e c t o r s , 1 '4 2 : Ll oyd w. Stap l e s • • 

GEO L O G I C  MAP SERI ES 
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1 .  Ge o l o g i c Map o f  t h e  Wa l l owa Lake Qu a d r ang l e ,  1 9 3 8 : J. D.  Smith and o thers  ( al so in Bu l l . l 2 ) $ 0 . 45 

2 .  G e o l o g i c  l.lap o f  M e d f o r d  Quadr ang l e , 1 9 39 :  F . G. ·  We l h  and o t h e r s . • • • • • • • • • • 0 . 4 0 

J •  G e o l ogi c Map an d Ge o l o gy o f  R o u n d  M o u nt a i n  O.uadrangl e � l 94 0 : W. D. Wi l ki n s o n and o th e r s . • 0 , 2 5 
4 .  G e o l o g i c  Map o f  the Butte Fal l s  Quadrang l e , l �4 1 :  W . D.  Wi l ki n so n anc;l Q th e {' S  

l a l s o  1n Bul l .  2 2 )  0 . � 5 

5 ·  Ge o l o gi c Map & Ge o l o gy o f  t h e Grant s Pa s s  Quadrang l e 1 1 94 1 : F . G.  W e l l s and o th e r s • O , JO 

6 .  P r e l i mi n ary Ge o l o g i c  Map o f  t h e  Sump t e r  o.uadran g l e , l �4 1 :  J . T . P a r d e e  and o th e r s . o . 4o 
7 •  G e o l o g i c  l.lap o f  the P o r t l and Area ,  1�42 : Ray c .  Tr e a sh e r  ( s e e  a l s o  S h o r t  Pap e r  No . 7 ) . • 0 , 2 5  

MI SCELLANEOUS P UBLICATI ONS 
T h e  O r e , • B i n : st�f f�  i s su e d !D O nth ly1 a s  m e d i u m  f o r n e w s  i t e m •  ab o u t  th e D e partm e n t ,  

m in e s  and m1 n e ra l s .  Sub s o r i p,� o n  p r i c e  p Q r  y ear . • • • • • • • • • • • • • • • • • 

Sam p l i ng o f  small P r o s p e c t s  a n d  N e w  Di s c o ve r i e s .  • • • • • • • • • • • • • • • • • • • • Fr e q  

The Sp e c t r o gr a p h i c Lab o rato ry o f  t h e  Stat e D e p t . o f  Ge o l osy and Mi n e r a l  Industr i e s ,  1 94 2  F r e e  

O r e g o n  l.l i n e r a l  Lo c al i t i e s  Map • • • •  

Lan d f o r m s  o f  O r e go n ;  a phy s i o g r aphi c s k e t c h - - ( 1 7  by 2 2  inc h e s )  1 91! 1 .  • • • • • • • • • • 0 , 1 0 


