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FOREWURD

BACKGROUND ARND RESULTS OF INVE3TIGATICN
FCR NONTZCHHICAL READZRS
by
Zarl K. Nixon

The extensive experimental work presented in the accompanying report seemed justified
for two principal reasons, namely, (1) since this country is dependent on resiricted imports
for our suppglies of tin, discovery of a domestic scurce of supply would bde of far reaching
inportance in war production; therefore, every possible means should be smploved to find
domestic deposits, and (2) statements were presented tnat standard nethods of tin analysis
were not ssztisfactory for determining the presence of tin in Juniper Jidze rock, so that 1%
seemed imzerative that such a possibility, however remote, should be investizated and if
possible verified.

In 1939 this writer, accompanied by local interested ;éo;le, visited the Juniper Ridge
deposit, took some samples where tin was reported, and ssnt these to the U. 5. 3ureau of
ines for both spectrographic and chemical determinations. The 3ureau reported that no tin
w5 found in the samplies by either of these methods, and the Bureau results were Stransmitted
to the owners of the property.

The 3urcau's analytical results, as well as some verifying results obtained in other
iaboratories, were guestioned in varlous quarters, so¢ that a thorough investization seemed
necessary in order to settle the matter.

“In July, 19%1, Dr. #. C. Horrison, chief chemist and spectroscopist of the Department,
was siven the duty of making the investigation., He was instructed to make the study of
such scope and in such detail that there could be no question or doubt of the verity of the
final result,

In order to outain petrologic evidence, John Zliot illen, stalf zeolozist, studlied and
mapped the geology of the restricted area., His study included petrogravhic analyses of thin
sections of the rock trpes, Hesults of the geologic investization are included in ocne scc-
tioa of this report., Allen also supervised the taking of samples which were analyzed by
Dr. Harrison.

Juniper Ridge rocks are all volcanic and a prominent type is obsidian or volcanic zlass,
The texture is periitic, taat i1s, the rock contains round greins. The rock was extruded
from a volcanic vent and, as is characteristic of such rocks, cooled fairly quickly and
before distinct crystallization could take places Such unaltered rock is fairly common &nd
is not known to contain tin in commercial amounts anywhere in the world.

ixcepting the placers, commercial tin occurrences in varlious parts 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 considerable depths bLelow the earth's
surfaces Thus if Juniper idge rocks carried tin in commercial amounts the occurrence would
be uniaue.

In his gualitative analytical work, Dr. Hurrison selected from fifteen standard reagents
four reagents which are specific for tin and whose reactions are not interfered with oy
constituents of Juniper Ridge rocke. £Each Juniper Ridge sample was tested with these four
reagents, A4s companion tests, the same reagents were used on each sample to which tin was
intentionally added, In this way proof of the reliuzbility of the reagents for tin detection
was obtained. In addition, some thirty-one different methods or techniques were employed
in testing the samples., Some of these methods are standard; others were advocated by per-
sons who had some speclal procedure which had been used by then,



In testing various reagents, methods, and techniques, & tremendous number of indiviau«:l
togzts or trials were mades Many of them, of course, were very short and took very little
time, A3 individual tests became routine in the investigation, the time consumed in making

trhen was shortened,

Threes standard quantitative chemical methods were studied. As a result of this study

s ccavination method was used on each sample obtairded in the field. For verification of the
rellability of the method, as in the qualitative tests, duplicate tests were made on por-
tions of samples to which a known amount of tin had been intentionally added.

Samples were also analyzed spectrographically. The spectrograph is an optical-elec-
tricsl instrument used for determining both qualitatively and quantitatively the presence
of a large nunmber of chemiczl elements, Most chemical elements have extremely plain "finger
prints™ when tested in the spectrograph. Tin 1s one of those that can be rcadily detected
by spectrograpnic means, no matter whether the tin occurs as metal or in some chemical com-
oination in the sample.

in no cese did samples, carefully taken for this investigetion and guarded agalnst con-
taminetion, coniain more than normal traces of tin. &uch traces were identified best by
the spectrograph and showed percentages of tin in Juniper Ridge rock, not greater than five-
thousandths of one percent., It is the conclusion, then, of this Department that the Juniper
Hidge rosks do not contain commercial amounts of tin and that there is no reasonable justi-
fication for the expanditure of additicnal money or effort in trying to make tin deposits
sut of welcunic rooks that contain no more tin than dozens of other volcanic rocks occurring
elaewhere, “frazes of tin in igneous rocks are quite common.

The Depardment Leliewes that the investigation wes made with all possible thoroughness
and with aceurzte awttention to detail, The results as given in the report are, we believe,

definlte and [inal.

There is nothing that the Oregon Department of Geology and Mineral Industries would
rather do than to demonstrate the presence of an important deposit of tin or any other stra-~
tegle mineral in the 3tete, but in the case of the Juniper Ridge deposit, this seems to be
clesrly impossitble,



ABSTRACT
' Tin is ootained principally from its oxide, cassiterite. U(ther minerals contain tin,
out are of slight importance commercially. lraces of tin occur in many igneous rocks. Cas=-
siterite is mined from placers, end from veins, pegmatites, and disseminations in zranitoid
rocks. x0st of the world's production is derived from the lalay 3tates and from Bolivia,
although lesser deposits cccur in many other parts of the world., In the United 3tates, small
sub=-merginal deposits are known in South Dakota, iorth and South cCurolina, Virginia, Cali=-
foraia, ldaho, lew uexico, and Nevada.

vreilminary to analytical-testing or Juniper Ridge rock, a acetziled geologic survey was
made of avout 1 square nmile, covering a pertion cf Juniper Ridge in sec. 36, T. 23 5., and
sec. 1, T. 24 3,, R. 25 &. HMapping showed a volcanic complex composed of five closely re-
lated rock types, of which a black, sometines red, perlitic ovbsidian is of particular inter-
est {rom the standpoint of thls investigation, Similar rocks have been described by a nunm-
ber of investizators as being characteristic of areas immediately to the east anc west of
Juniper Ridge, as well as other parts of eastern Ureson. Attitudes of {low banding and of
lenses of the various types of rock often vary abruptly; in a few places they are highly
contorted. 7Two centers of plug-dote intrusion, fan shaped in cross section, were indicated.
four northwest-southeast trending splinter faults are tridbutary to a maln east-west fault
whicti forms the north front of Junlper Ridge. 4ll faults are down-dropped on thelr north
side. iio secondary alteraiion other than surficial weatnering appears, even adjacent to
the f&uli‘linesn All the rocks are rgmarkably fresh and unsltered, with no suggestion of
nineralization or hydrothermal activity.

The rocks at Juniper iidge were carefully sampled by standerd methods, at points where
iiighest zrade ore'" was reported to cccur. 4 total of [ifteen samples were used in the
chemical and spectrographic investi~ation.

walitative end quantitative chemnical methods and spectrographic methods of analysis
were used in analyzing samples of Juniper Ridge rock., Thirty-ocne different methods of cone-
verting tln or sompounds of tin into a form suitabple for identification or determination

were Investigated.
-

Four different analytical procedures were adapted for analyzing solutlons containing,
or suspected of containing tin., The reactions of [ifteen different analytical reagents
were studlec, of whica four were found to be most suitsble for the detection of tin when in
the presence of Juniper iildgze rocke. Stindard sclutions of tin and mixtures of tin or tin
comsounds were intentionally added to portions of Juniper Ridge rock samples, which were
then usec as contirols for studyins the analytical reagents or. tests,

4 lerge pumber of methods were used to outain tin In a solution which could then oe
testea qualitatively for the presence of tin, using the four analytical procedures.,

Three different standard quantitative chemical procecures were studied, using pure con-
pounds of tin, standard solutions of tin, mixtures of tin or compounds of tin intentionally
added to Juniper zidge rock samples. As a result of this study a combination method was
used t¢ make quantitative chewmical determinations of the tin content of samples of Juniper

Ridge roeéhk.

A Iire-assay method of tin recovery was tested, using samples containing known concen-

trations of tin. 'This method was then epplled to samgles of Juniper xkidge rock.

aualitative and gquantitative spectrographic determinations of the tin content of Juni-
per iidpe samples were made. Two different spectrosraphs, a large quartz prism spectro-
graph and a j-mneter grating spectrograph were used. A number of different methods of spec=-

tral excitation were used.

Chemical methods which detected the presence of tin in the control samples to which tin
hada seen intentionally edded, failed to show the presence of tin in Juniper Aiidge rock sam-
ples in amounts sreater than 0.005%. Spectrographic methods showed the presence of tin in
duniper Hidze rock samples in amounts varying from 0,001% to 0.005%.
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CHAPTER I

A SHEOAT SURVEY CF TIN, ITS HISTORY AND OCCURRKNCE

INTRODUCTION

A background survey of all zvailuble literature concerning a metal is a prere- (1)
quisite of a fleld and luboratory study nade for the purpose of determining the pres-
ence and mode of occurrence of that metal, A very condensed summary of the historical
and technologicual background of tin is urcesented herewith.

3islisgraphic references (;iven alphabetically ut the end of this chapter) are
idensed in the text so as to pive only the name of the author, the last two digits

o

(434
f the date of publication, sepourated by a coloa from the page reflerence. 4 reference
o ™iiperal Deposits" by Waldemar tind_ ren, published by licGraw<Hill in 1928, paze 277,

]
t
is thus condensed to (Lind:ren,28:277).

sAarLy HISTURY

din is known to have Deen used since very early times, 4 metal referred to by (5)
fiorodotus and Homer was undoubtedly tin. Some authors state that it was used in Egypt
and Chilna as early as 1600 3.C. 4t about 1000 3.C., the Phoenicians were carrying on
an extensive tln trade between the "Cassiterides Islands™, generally thought to be the
Lsh Isles, and Mediterranean ports (iellor,27:276; Fawns,05).

In 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 Bohemla; and a num=~
ter of 14%h century writers mention kKast Indian deposits that may have been a source
of tin as early as the eighth century.

DINSIALCG
There are only two ninerals, casslterite and stannite, that have Seen mined for (2)
tin on a coxnmercial scale, Of these, cassiterite, the oxide, is by far the more im-~
sortant. Theoretically pure cassiterite contains 78.67 tin by weight, but actually
the percentezze is usually slizhtly less, due to the presence of such impurities as iron,
ursenic, zinc, eitc. Cassliterite also freguently contains minor amounts of tantalum,
sil icon, and mangzancse (Dana,ld:235). The color of cussiterite is usually brown or
lack, dut sometimes it is red, gray, white or yellow. It bDelongs to the tetragonal

[«

system, frequently crystallizing in double pyramids. Hardness is 6 to 7, and specific
sravity is 6.8 to 7.1. 1t is very resistant to weathering because it is practically

nsoluble,” Due to its high specific gravity, it is concentrated by streams in placer
ts, tfrom which over 004 of the world's supply of tin is derived (iless & Graton,

‘

deposi
161;. Vood tin 1s cassiterite with a reniform shape and fibrous, divergent structure,

op
u5:

Stannite, & complex suluhide of copper, iron, and tin, occurs as a steel-gray to (u)
iron vlack granular or massive substance, contaoining up to 274 pure tin. It is of

minor importance as an ore.

Wative tin has peen reported from several localitles, only one of which, in New
South wales, has been verified,
According to Dana (22:676) other minerals containing tin as a part of their chem=~ (5)

ical makeup are:

canfieldite  4Agp$.SnS, stokesite  H,CasSnSisGy)
teallite PbSn3, nielmite Y,Pe,¥n,Ca,stanno-niobate
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frankeits Pb5SngFesSbySyy nordenskiolding CaSn(B03);
cylindrites Pb3$nuFeSb2$14 hulsite 12(Fe,Xg)0.2Fe04.15n07.
38203- 2H20
Mellor (27:283) reports the following:
cuprocassiterite 4Sno,Cu,Sn(0H) ¢
plumbostannite Sn,Sb,Pb, (Fe,Sn),S;;

liellor also lists as follows a number of other minerals which contain tin in small (6)
quantities as an accessory constituent: '

columbite aeschinite phonolite
cvlumbocolumbite cyrtolite microlite
tantalite . . fredricite olivine
yttrotantalite polycrase pyrophillite
ixiolite ; eucrasite kaolin
ilmenite ' sipylite cryolite
ferroilmenite ferberite mica

rutile tapiolite ‘ lepidolite
limenorutiie tritomite manganoepidote
euclase : hjelmite pyrolusite
fergusonite tyrite pyrite
samarskite malacone tahlerz
monazite zirecon sperrylite
delorenzite schezlite zincblende
risorite hatschettolite thalenite

‘ : ‘ tourmaline

v

GEOLOGIC CGCCURRENCE

Tin is not common enough to be Listed among the 26 mest abundant elements present (2)
in the igneous rocks of the earth?s crust (Clarke,24:29) in which the amount has been
estimated to be of the order of .000006% (Meller,27:280); in acld igneous rocks the
percentage is sometimes as high as .001% (Fries,42:283).

The extensive literature regarding the occurrence of tin is summarized by Hess
and Graton (05), Melior (27:284), Johes (25) and Fawns (05), and a complete bibliography
is given by Hess & Hess (12). "

Tin occurrences are widely scattered on all the continents, but 55% of all the
world's production comes from two areas, namely, the lalay States and Bolivia (Mellor,
27:280). ‘

Approximately 70% of the world's production is obtained from aliuviel deposits,or slacers,
mainly from the Malay Peninsula, the islands of Banca and Billiton near Sumatra, and (8)
from ﬁigaria and China (Lindgren,28:277). iinor amounts are mined in New South ¥Wales,
Victoria, and Tasmania. Small amounts of stream tin occur in Alaska (Knopf, 08; John-
son, 10; Harrington, 19; Chapin, 19; Fearing, 20; Steidtmann & Cathecart, 22; Waters, 34),
in the Black li1lls of South Dakota (Hess, 09; Darton & Palge, 25), in North and South
Carclina (St. Clair, 35; Haney, 28) and in Mexico (Sampson, 27).

The source rock of tin (cassiterite) is either granitoid rocks, pegmatites, or (zj
quartz veins. Tin-bearing veins are generally considered (Ferguson & Batemen, 12;
Singewald, 12) to have a close genetic connection with the acidic granites, and to
have been emplaced soon after the cooiing of the major part of the granite, unden
"pneumatolytic" conditions (Lindgren,28:734+35), Cassiterite is found near the contacts
of granites, sometimes in fissures, in Finland, Saxony, Tuscany, Devonshire (Lindgren,
24:817), and en the Seward Feninsula, Alaska (Knopf, 08; Harrington, 19; Steidtmann &
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Cathcart, 22), 1t is associated with a large number of contact metamorphic and lime-
silicate minerals and sulphides; tourmaline is an especially common accessory mineral,

Tin-vearing pegmatite dikes have been :iined in the United States in South Carolina
near Gaffney (Haney,28), in the 3lack Hills (Smith & Page,4l), and in Virginia (Fer-
guson,18). '

The largest production of '"hard rock” tin has been from high-temperature or hypo-
thermal veins, that have a definite association with such ore minerals as molybdenite,
arsenopyrite, wolframite, bismuth, and bismuthinite, with much less abundant pyrite,
pyrrhotite, chalcopyrite, galena, and sphalerite. Quartz is the chief gangue mineral,
accompanied by lepidolite, fluorite, topzz, tourmaline, axinite, and apatite (Lindgren,
28:725). Mines in this type of vein include tnose of Cornwall, Bolivia, Japan, New
South Wales, fasmania, Saxony, and in Worth America, Nova Scotia (Messervey,33; David-
son, 33), Manitoba (Delury,20; Wright,32), and sritish Columbia.

- Some tin ocours in mesothermal replacement veins associated with silver. 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, tetrahedrite,
andorite, ruby silver, and jamesonite (Lindgren,28:657). Tin-silver veins also occur
in British Columbia (Gunning,31).

The tin deposits of the western United States, although not of great economic
importance, should come in for special notice. <There are a numober of occurrences in
California (Pabst,jb:l?j), some of which have been mined, as in Riverside County (Fair-
vanks, §7; Dudley, 35; Sampson, 35). Tin also is known to occur in Plumas and Trinity
Counties (Hanks,84:410), in 3an Diego County (renfield & Ford,16; Schaller,16), and
in Sisklyou County (Pabst,38:123). Tin occurs in Idaho (Livingston,19), near Spokane,
%asnington (Anderson,28; Fernquist,35), and in Nevada and New iiexico, The Nevada and
Wew lLexico cassiterite deposits are of especial interest, because the veins occur in
Tertiary rnyolites, At MajJube Hill, Pershing County, Nevada (Smith & Glanella,lt2)
they occur in an altered, tourmalinized, and sericltized plug of rhyolite porphyry
breccia., In the Black Range of Catron and Sierra Counties, New Mexico, the tin-bearing
ore stringers occur in fractured and altered zones of mid=Tertiary rhyolites, which
have a faneshaped crossesection of primary flow banding, suggesting extrusive vents
(#111,20; Naething,2l; Fries,40). The cassiterite in northern Lander County, Nevada
occurs in veinlets in Miocene rhyolites, as "incrustations deposited'in tumarolie
vents along fissures formed by differential contraction during the ccoling of the
lavas" (iries,42:2/9; knopf,l6a,léb), It should be especially noted that in all these
occurrences of tin in rhyolite, the cassiterite occurs in veins or veinlets in rock
which has been hydrothermally altered, and that the fresh rock has only a noraal,
minute trace (:001%) of tin (Fries,42:283).
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CHAPTER 11

FRCLOGLIC INVaSTIGALYICN uF A (GRTION OF JUNIPER RIDGE

INTRUDUCTIUH

In conrection witn tne reported occurrence ol tin in eastern Oregon odsidians,
1@ autnor was instructed to make a detailea geological and petrograpnic survey of
wnat portion of Juniper Ridge where the "pest grade ore® was reportedly found. Since
e cihusen area lles largely just outside the U. 35, G eological Survey Squaw Butte
danen topograpnic sneet, overlapping the nortaeust corner of the wmap, it became nec~
sesury %to extena une topography to cover tne arsea.

un July luth and lltn, 1941, a primary triangulation control network was estab-
lished, and a major portion of one sjuare mile was topographically mapped. A portion
of the geology was plotted and samples were teken at that time. The erea was revisited
in October, additional samples were taken and the geologic field work was completed,
Petrographic examination of these samples was made during the ensuing year in the
laboratory at the Portland office of the State Department of Geology and iineral Indus-
tries.

Bivliographic references (given alpnhabetically at the end of this chapter) are
condensed in the text so as to give only the name of the author, the last two digits
of the date of publication, separated by a colon from the page reterence. A reference
to "The Principles of Petrology" by G. W. Tyrrell, published by E. P. Dutton in 1929,
page $&, would be thus condensed to (Tyrrell,29:98).

Location end %encral Features

The Juniper Ridge area discussod in this report covers about one square mile,
lying south of the east-west central Oregon highway (U. S. 20) approximately 96 miles
east of Bend and 36 miles west of Burns, The area 1s crossed by the meridian of long-
itude, 119°, end the parallel of latitude, 43° 31' 15" N, 1t comprises the S.i of
sec. 36, To 23 5., Re 25 E.; and the N.& of sec. 1, T. 24 S,, R. 25 E.W.M.

‘he area lies in part within the northeast corner of the U. S. Geological Survey
Squaw sutte Ranch Sheet, near the east end of a prominence locally known as Juniper
Ridge,

Relief and Drainage

The area 1s traversed from southwest to northeast by an intermittent stream,
wnich has ocut a steep-walled and in places precipitous gully from 50 to 150 feet deep.
The gully cuts across a series of benches which drop down by steps from an elevation
of 5000 feet at the southwest corner of the area to 4500 feet at the highway. Another
ary gulch runs northwesteriy through the northoast quarter of the area, and nearly
joins the main creek before turning north for 150U feet where both creeks cebouch (1500
feet apart) upon the north-sleping alluvial piedmont, along which runs the highway.
Another east-trending gulch drains the southeastern quarter of the area.

Climate

The climate of this part of Oregon is semi-arid, with an average annual precip-
itation of less than 10 inches. The summers are hot and dry; the winters are cold.
The streams are intermittent, and springs are rare.

(12)

(13)

(14)

(13)
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LITERATURE (10

The zeologic literature related to the general area of east-central Uregon is not
siandant. However most of these areess that have been mapped contain one or more rock
formations similar to those at Juniper Ridge where bandec rhyolitic lavas and periitic
¢ssidians predominate.

The Glass Buttes, only 15 miles west of Juniper Ridge (Waters,27), contaln a rock
sruence of perlite, onsidian, vitrophyre, dacite, andesite, and basalt whose charact-
zristics are very close to those of Juniper Ridge, even to the pumice caps 0i the fliows,
fr.e Glass Buttes rnyoiite serles, according to saters, is procably correlative with
the sSteens gountain laves of Miocene aje. Later workers (Lowry and Sowman, unzuviished
nEs., 1943) belleve tanem to be Pliocene.

Areal mapping ol the Harney Jasin to the east (Piper,39) extencs to within twenty
wiles of Juniper <icge. iie Palomlna 3uttes, Jjust souih of ihe highway fifteen miles
west of iurns, are composed oI Miocene (?) extrusives that underly the 3teens basalt,
&nd are:

"....ini'lated toarcughout and even punmiceous at some spots, and commonly dis-

close conspicuous flow vanding. 7Their matrix is largely siliceous gluss

(index of refraction less than 1.5%) in which perlitic cracks and shards are

common. The common feldspar rwnges from oligoclase to acidic andesine, but

some orthoclase (7) is present. Hornblende has beon atundant as a primary

mineral but is largely altered to biotite. A few small crystals of apatite

are present, but no other accessory minerals were recognized in the thin sec-

tion. The rock of the Palomina 5uttes has veen ascribed provisionally to the

older siliceous extrusives.

"shere the older silicecus extrusives and the Steens basalt are in con-
tact they are sepuratec by en uncontormity that has strong relief and involves
considerabvle ercsion and local angular discordance. The angular discurdance
15 disclosed in the northern part of the Crowcanp Hills, in the eastern part
of 3iddle lountain, and in the area east of Nalheur CGap. In the last-named
wrea the older siliceous extrusives are orumpled and {ractured, whereas the
Steens basalt lies nearly flat, is faulted in a rather simple pattern, &and

is not crumpled.” (Piper,39:52)

Uther rocks of later rliocene age in the Hurney Basin are similar to some of the
spnerulitic phases of the Juniper Ridge felsites. They are described in part as follows:

"In the northern part of the area, tha lower part of the lanforth form-
ition comprises thick extrusive sheets and masses of reddish gray rhyolite.
4t scme places its members are consplcuous owing to an abundance of evenly
distributed spherulites and lithophysae (*stone bubbles") that are lined with
opaline silloca. These openings are usually discontinuous and do not impart
perviousnass to the rock.....

"In the 3agehen Hills, west and southwest of ‘urns, the rhyolite that
has been classified as the lower part of the lanforth {ermation includes con-
siderable black glass, is massive, and is Jointed so closely that its initial
layers cannot be readily discriminated, <Certain spherulitic facies in that
locality may belengz with the older siliceous extrusive rocks (p. 51), which
they resemble closely in petrographic character.” (piper,39:46-47)

In the iaker iuadrangle farther to the northeast (Gilluly,37:50-53), there are,
andvrlying Columbia River basalt, porphyritic flow-banded andesites and rhyolites which
.re wssociated with light gray puniceocuse-appearing flow breccias, On the (wyhee river
{sryan,28:4L ) there i3 a red to black, flow-banded porphyritic rhyolite, without gquartz
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phenocrysts, which underlies the Miocene Owyhee basalt. Farther to the south in the
Steens Mountain area (Fuller,31:60) there are spherulites and platy rhyolites under-
lying the Steens basalt which, since they show no quartz, are classified as rhyolite
on the basis of their chemical composition, In the extreme southeastern corner of the
state (Yates Q2:32u) Miocene lavas range irom obsidians to porphyritic rhyolites, and
in generai exhidbit well developed flow banding.

GEOLOGY

Four distinct rock-types were distinguished at Juniper Ridge, three of them closely
related in age. A tentative order of superposition was established (a larger area of
mapping would be necessary to determine finally age relationships) as follows:

(D) slightly vesicular, platy, gray, olivine bhasalt flow.

aeeaccepnecsccccceseccne(neonfornitycmcccevnsvevsenevcanens

(C) Red, porphyritic, pumicecus obsldian, as dikes cr lenses,
and pale gray, porphyritic, pumliceous obsidian, mainly
occurring as float,

(B) Black (and some red-banded),psrphyritis, and perlitic obsid-
ian, with lithophysae often abundani, occurring in lenses
within the felsite (A).

(A) Finely-banded, platy or messsive, red and gray, porphyritic
felsite. The massive phass usually contains numerous litho-
physas, with banded platy phase often contorted and folded.
Surrsunds ard grades into (B).

Distribution of rocks

Within the area studied, the most{ widely distributed rock type is.the platy fel-
site (A) which, with the massive phase, forms all the "rim revck" with the exception
of basalt (E) in the northeast corner of the area. lLenses of perlitic obsidian (B)
occur below the massive felsite ¢cliffs at several places east and southeast of the
camp* (see plate I); in the cresk bed just wes$ «f camp and also up the ridge for
several hundred feet to the west; and in the creek bed and east of the creek 3500 feet
to the southwest of the camp, Perlite also occurs on the flat-topped erosion surface
of the main block 2500 feet south of the camp and at a point 2500 feet south-southwest
of the camp. The length of the perlite lenses in this area is from a few tens of feet
to nearly a thousand feet. Their thickness is from a few inches to several tens of
feet, ded pumiceous obsidian (C) was observed in four localities on the level bench-
surface of the main block, where it appears in narrow vertical (northwesterly-striking)
dikes or lenses. The grey pumiceous obsidian occurs as float covering most of the
flat-topped porticns of the main block as well as portions of other blocks. It was
found in place in only one cut north of the fence-line near the end of the upper road.

Petrography

In hand specimen, the flow-banded phase of the porphyritic felsite (A) is made up
of parallel layers of glassy black and less glassy plnkish material averaging less
than 1 mm. in thickness, but varying from a maximum thickness of 3 mm. down to thick-
nesses measurable only under the microscope. The black bands weather on the surface
to a darker red than that of the pink bands, which de not change color upon weathering.

(17)

(12)

#*The term "camp® as used in this report designates the location of the bunk houses, and
little "pilot plant”, on the south side of the creek, near the center of the south line
of sec. 36, To 23 So, Re 25 E.W.M.



GECLOGIC INVESTIGATION

Euhedral to subhedral feldspar phenocrysts up to 2 mm. in dilameter make up about 5% of
the rock. They appear almost exclusively within the black bands, which swell to lap
around them. The massive phase of the felsite appears to have a composition similar
to that of the reddish bands, but it is usually characterized by the presence of pink-
colored lithophysae, frequently hollow, which grade in size up to 3 cme. in diemeter,
and sometimes make up as much as 30% of the roock.

Under the microscope the banded porphyritic felsite is seen to contain as pheno-
crysts about %% subhedral andesine-oligoclase (Ab65An ) from 0.2 to 1.0 mm. long, and
about 1% anhedral magnetite grains. The eutaxitic (Kemp & Grout,40:62) groundmass
consists of 90% intergrown micro-spherulites probably composed of orthoclase (and pos-
sibly quartz), averaging .005 mn. dlameter (Tyrrell,29:99). Elongated cavity fillings
parallel to the banding are filled in by deuteric growth of the spherulites lining the
cavities, and the centers of the cavities are filled with a nearly clear isotropic
material, probably hyaline opal., Extremely minute longulites, probably of iron oxides
(3 = 5%) are scattered throughout the groundmass parallel +to the flow banding. ‘

In hand specimen the black perlitic obsidian (B) appears to ocontain about 5% pheno-
crysts of white subhedral feldspar, The surfaces of the well-developed perlitic fract-
ures have a brilllant black to pale gray gloss, depending upon the thickness of the
individual shells of the "perls”, Lithophysal phases contain up to 80% of globular and
irregularly shaped pink material, which has a radiating fiorous texture and sometimes
open cavities in their centers (Tyrrell,29:98). The boundaries of this material are
usually sharp but sometimes grade into the glass.

Under the microscope the phenocrysts make up about 8% of the roock. About 4% is
resorbed andesine-oligoclase from .6 to 1 mm. in size. Darker cloudy areas of glass
often occur around the resorbed feldspar phenocrysts, There is 2% subhedral augite
0.5 mm, or less in size, 1% hypersthene, and 1% iron oxides up to 0.1 mm, in size.

The zroundmass is perlitic glass, dusted with § - 10% of fine opaque needles, which

are from § to 10 mumu (.005 - .01 mm.) long and from 0.1 to 0.5 mumu (,0001 - ,C005 mm,)
thick. Tnese are probably magnetite, since grinding the rock ylelds 5 = 104 magnetic
dust, The order of crystallizaticn is maznetite = pyroxene = feldspar - magnetite
longulites - glass,

The pale gray pumiceous obsidian appears ’n hand specimen to have a porosity of
only about 5%, but the tubules and directive texture in the Zlass 1s well defined in
the hand specimen, and vitreous lustre i1s not universally apparent. There are a few
xenoliths of basic rock up to 2 in. across, presumably torn from the walls of intruded -
rock. The specific gravity of a lump of pumiceous obsidian is only slightly less than
that of adjoining rocks. #hite feldspar phenocrysts,averaging 1 - 2 mm. long, make up
about 5% of the rocke A few minute black crystals of iron oxides are also apparent.

Under the microscope the gray pumiceous obsidian is seen to be composed of About
5% subhedral andesine-oligoclase (Ab65A“35) phenocrysts (0.3 =« 2 mm. in size) in a
vitrophyric (Kemp & Grout,40:110) groundmass composed 75% of oriented tubules of clear
glass with an index of 1.505 (71% S10, according to George,24:353); 15% oligoclase~
andesine microlites; and about 5% fine accessory iron oxide grains.

In hand specimen, the red porphyritic pumiceous.obsidian contains large (up to.
5 mm. long) oriented plates of white feldspar, which make up about 5% of the roek, in
a groundmass composed of approximately equal parts of dark red unevenly fractured glass
and paler, slightly pumiceous material.

Under the microscope the phenocrysts of the red pumiceous obsidian are shown to
be composed of 5% euhedral to subhedral and broken andesine-oligoclase (0,3 < 0.8 mm.
diameter); and 1% euhedral, strongly pleochroic, ironerich olivine averaging .3 nmm. in
diampter. The vitrophyric groundmass 1s composed of glass which retains a directive

(20)
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pumlceous texture, but the tubular openings are largely lacking. About half of the
£lass 15 clear and the other helf is dark yellow, probably due to contained iron oxide,
the latter distributed in irrogular elongated dlebs, strings, and patches.

The olivine basalt (E) is a dark gray, platy, and porphyritic lava with an aphen-
itic groundmass characterized in hand specimen by irrezular patches of lighter material
oriented parallel to the platy structure. Under the microscope the phenocrysts are seen
to be composed of 10% subhedral to anhedral and corroded lazbradorite (Ab30kn7o) laths
(0.2 to 1.5 mm. long), and about 2% anhedral resorbed augite from 0.2 to 1.0 mm. in dia-
meter. There are & few large subhedral to anhedral olivine crystals (over 2 mm, in dia-
meter), often wore or less comyletely altered to iddingsite, and a few greins of sube
hecral prismatic hypersthene. The groundmass consists of about 60% andesine-oligoclase
microlites with a felted or felsophyric texture; 15% interstitial anhedral elinopyroxene
grains; and 10% iron oxides in subhedral crystals and in irregular blebs,.

The three rock-types i, 3, and C have similar indices for their plass constituents
(1.50 = 1,51) which indicate that they have & silica content between 38 and 72 per cent
(George,24:353). The feldspars in A, B, and C are similar (averaging Abesﬁn35) and no
quartz was identified. On a mirneralcgic busis the rocks would be called andecsites,
whereas on the basis of their chemical composition (Judging from the glass index) they
would be classified as rhyolites., The field term "felsite" (Kemp & Grout,40:62) 1s
thus retainec in referring to them in this paper.

Winerelization

ilone of the rock-types described showed secondery alteration other than slight
weathering features, even adjacent to the faults. Limonite is developed very infre-
guently on the fractures of the black perlite and there has been deuteric alteraticon
of the hypersthene and olivine of the basalts. Ctherwise all the rocks are remarkably
fresh, and there 1s no suggestlion of hydrothermal mineralization,

Grigin of the rocks

The rhyolitic series of platy feisites and obsidians in the Juniper Ridge area
wore extruded as viscous, gas-charged lavas from a number of central or lissure vents,
and spread out as thick, steepe=sided [lcws or flattened domes (Williams,32:59,79; 35:
2862; Tyrrell,31l:31). This extremely viscous lava contained initiel patches and layers
éiffering in comgosition, gas content, viscosity, and degree of crystallization, so
thet movement of the mass drew the irregularities out into parallel bands and lines,
which are charzcterized by varying portions of spherulites, glass microlites and stony
material of slightly varying composition (Tyrrell,29:39). Similar banding in rhyolites
at ¥t. Ketmal (Fenner,26:740) seems to be due to the streaking out of partly and com=
pletely fused inclusions of more basic lava (andesite), and is not banding of early
crystallized magma or 'schlieren", Certain lenticular areas within the glassy mugma
cooled sc rapidly that not only did the chilled glass have no time to crystallize, but
the contraction due to cooling caused fracturing of the glass around numerous closely
spaced centers and produced the perlite lenses (Tyrrell,29:99),

The banding, the resorption of phenocrysts, and the apparent difference in com-
position Letween them and the glass suggest that possibly the original highly acid magma
came up through a coarse grained andesite, picked up small portions of it which were
largely dissolved, thus changing the comgosition of the lava,

Expension of contained gases with possible explosive activity in slightly later
extrusives of similar composition developed the gray pumiceous obsidians, of which the
red phese resulting from oxidation of iron content (Fuller,27) seems, according to field
relations, to represent an intrusive phase, This pumice cap 1s similar to that at Glass
Buttes (Woters,27). BSasaltic flows followed the felsites, and are later than the pumi-
ceous obsidians.

(22)
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Structures

Attfitudes of the flow-banded felsites vary from horizontal to vertical within tens (22)
of feet; in a few localities the contortion is so intense that attitudes could not be
slotted on the map. On a large scale, however, plotted attitudes indicate a number of
primary folded structures. These structures are seldom continuous beyond the fault
blocks within which they lie;, and there is little correspondence of axial trend between
fault blocks. They undoubtsdly represent primary intrusive features, In several local-
ities there are areas of quaquaversal ocutward dips which are in turn surrounded by cor-
responding sequences of inwardedipping rocketypes around the periphery of the siructural
demes. These are characteristic of viscous or plug dome type'of intrusion (Williams,32).

Jointing in the rocks of the area is mest prominent parallel to the primary flow- (28)
banding, 8o that the rocks break up inte thin platy polygons whose thickness depends
primarily upon the degree of development of the flow-banding. Jointing has also been
developed in other irregularly oriented directions but to a less degree.

4 welledefined system of nobthvest-southeast-trending normal faults divides the (32)
area into blocks having different elevations, all down-dropped on their northeast sides.
Faults have been mapped on the basis of displaced erosion surfaces, offset or abruptly
terminated perilte lenses, anomelously oroken (rather than contorted) banding in the
felsite, and physiographic ridge~saddles and adjacent ravines,

The main front fault strikes N. 80° E., and is the only one which does not trend
in the rorthwest quadrant, Displacement of 50 to 300 feet along this fault has resulted
.in the development of the north escarpment of Juniper Ridge, which more or less parallels
the highway for several miles, #ithin the area mapped, the amount of displacement dies
out rapidly on this fault from east to west, being taken up by other members of the
system which Join it. South of this fauld, the warped surface of the northeast block
slopes about 4° to the southwest, ‘

The northwest block, whose surface glopes about 2° to the northwest, is separated
from the northeast block by a fault striking li, 50° ¥, with a displacement of only a
few tens of feet, The northwast and southeast blocks, lying between the northeast and
the main blocks, ars separated by = splinter-fault striking N. 80° W., with a displace-

ment of cver 100 fee$.

The main block has a nearly horizental surface, being bounded on the northeast by
a fault which strikes M, 50°=060° W, and forms the mwain north eScarpment of Juniper Ridge
to the west of the area, The main block, which is from 2,000 to 2,500 feet wide, is
separated from the warped east and southeast-sloping south block by a small displacement
along & less well-defined fault which also strikes N. 50°=60° W,

The uniformly northeast trend of the main creek, structural anomalies and contorted,
crunpled, and broken flow planes in the felsite at several localities along the cresk,
and the wind-gap between the two creeks northeast of the camp, all suggest a zone of
movement trending N, 30° E. through the area. Since it does not displace the block~
surfaces, it was probably of early development, antedating both the other fault move=-
ments and the erosion cyocle which modified the surfaces of the fault blocks., It may
even have been established contemporaneously with the outflow of the lavas,
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SAMPLES FROM JUNIFER RIDGE

CHAPTER III

SAYPLES FRCH JUNIPER RIDGE USED IN THE INVESTIGATION

athods of Sampling

¢n July 10 and 11, 1941, a survey party of the Uregon Department of feology and
“inaral Industries took samples of the rock at Juniper Ridge for analytic work. Unly
ihe ithree wmembers of the survey party were present when the sampling was done, and at
1245t two of them were present when each of Jamples I to VI, inclusive, were taken,

4

according to information volunteered to the party by those interested in the occurrence;’

tue "highest srade ore" consisted of the perlitic obsldian and the banded felsite.
test of the location cuts cug in the area examined were in the perlite. 4iccordingly
wples I to VI, ineclusive, were taken from cuts previously excavated. Later, in Ccto-

ver, 1941, the property was revisited and Samples AII to iV, inclusive, were taken by

mnemsers of the Departument.

in taking the six bulk semples I %o VI, inclusive, (which weigzhed from 40 to 60
pounds each), standarcé sampling procedure was followed. In every case where possible
(211 except sample 111}, channel samples were taken across the bedding plunes of the
serlite 80 as to give an average of the various portions of the perlite lenses exposed
in the open cuts and pits, Before sanpling, from 3 to § inches of the wall of the cut
where tae sample was to be taken was broken off by means of pick, moll, or in some
cases, oy use of light charges of dynamite, so that each sample was taken from a fresh
reck surfacce. The sampling channels were then cut in the freshly exposed face, the
vertical channels veing from 4 to 6 inches wide and 1 to 2 inches deep, up and down the
exposed face of reoeke. Molls and geologic cicks were used to cut the rock as evenly as
s2s8sinle; and each channel was developed by going over its length at least twice.

411 the samples (I to VII inclusive) were placed in new, unused canvas sacks
labelled inside and outside. The sacks were tled, and were kept*l under lock and key
antil they were delivered and accepted*2 July 12th at the Chemicstry Department of

Uregon stute College.

Duserdiption of Samples taken

Sample I: From ¥1t No. 2, located about 2000 ft. a little east of south of camp*
on flat-topped ridge 360 ft. north of road at elevation of 4575 ft. (see plate 1),
¢it o, 2 1is about 10 ft. deep and 4 ft, square, its west side is composed of perlitic
sbsidian, the flow planes of which strike N. 30° E. and dip 45° N, %. Sample I was
takenlr 2% 4s o vertical channel 4 ft., long, from the center of the west side of the
nit,

Sample Il1: From rit Ho. 2 as described avove. The upper 6 feet of the east side
¢ the pit is in red banded perliite which overlies the black. Sample Il was cutlds
irom & vertical channel 8 f4. long near the center of the east side of the pit.

Sawple III: From open cut 10 ft. long, 4 ft. deep, and 4 ft. wide, located §00 ft.
sue west of camp, on north side of ridge at an elevation of about 4775 ft. (see plate
1) This sample was & grab samp1e3:“ from the boulders of perlitic obsidian poorly
¢xpozed through the slump of the partially caved open cut.

(32)

» aee references at end of this chapter.

* ne term "camp" as used in this report designates the location of the bunk houses, and

«-%tle "zilot plant”, on the south side of the creek, near the center of the south line
¢f sec. 36, Te 23 S., Re 25 Leilojie
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Sample IV: ¥#rom Pit No. 3, 6 ft. long, 4 ft. wide, and 4 fi. deep, located in
perlitic obsidian, about 2500 ft. a little south of west of camp, near crest of ridge
north of creek, at elevation 4900 ft, (see plate 1), Sample IV was taken3s¥ as a come
posite of two 4 ft, vertical channels, one on the north and the other on the south
side of the pit.

Sample V: From Pit No. 1, 10 ft. deep and 4 ft. square, located in perlitic obsid-
ian 6000 ft, southeast of camp and 200 ft. west of the fence-line (see plate 1), This
was the only sample taken within the fence-line of the Squaw 3Butte Ranch Reservation.
Pit No. 1 is on the north side of a shallow draw at elevation 4750 ft, Sample V was
takenl; 3,4 frow an 8 ft. vertical channel on the north side of the pit.

Samgle vI: From pit No. N, 12 ft.'deep and 5 ft. sjuare, located in banded perlitic
and lithophysal obsidian, 3500 ft. southwest of camp just west of the creek bottom and
450 feet north of Squaw Butte Ranch fence-line (see plate I), Sample VI was takenls 3ol
from a vertical channel 10 ft. long on the northwest side of the pit.

3ample VII: Prom outcrop of banded black and red felsite which has an attitude
of N. 70° E., 60° S. Outcrop is 2900 ft. southwest of camp on the north side of the
oreek in the gorge just below the forks, 3Sample VII was composed of é- to l-pound frag-
ments broken offl at intervals of frem 1 to 2 ft. over a distance of 50 ft. along a
line at right angles to the banding of the rock,

Sample VIII: Subnitted’ as being representative of the Juniper Ridge deposit.
It consisted of one lump of perlite weighing from 1 to 2 pounds,

Sample IX: A part of a grab sample taken6 from the ore-bin at the furnace plant
at the Juniper Ridge camp.

Sample X: Subaitted’ as being representative of the Juniper Ridge deposit. The
sample was reported to contain tin in commercial quantities. It consisted of powdered
material in a 2 oz. bottle, :

Sample XI: A composite of two samples submitteda’9 as representative of rock frem
Claims no. 3 and no. 1OW4.

Sample £I1I: 4 composite of two grab samples of rock totalling approximately 4o

lbs. taken? from localities designatadd as Claims no. 83 and no. 104,

Sample XIII: &« grab sample of rock weighing approximately 40 1bs. taken? from
locality designatedd as Claim no. 29.

Sample XIV:. i grab sample of perlite broken} from the large outcrop on the sast
side of the creek, 400 ft. northeast of Fit no. 4 aznd 3400 ft. southwest of camp.

Sample XV: A composite grab sample of perlite takenls2 rrom open cuts and outcrops
in bed of creek just west of camp.

Reduction of Gross Samples (33)

Samples 1, 1I, III, IV, V, VI, and VIl as received? from the field were composed
of rock material in various sizes from 10 inches in diameter down to dust. The samples
used for analysis were prepared according to standard sampling prccedures}o #ach
sample was reduced to 4-mesh size by hand and by means of a small 3raun Chipmunk Crusher}I
and thoroughly mixed by rolling on a rubber sheet. The mixed sample was reduced in size
by the cone and qharter method and the resulting 20 - 30 pound portion was crushed to
16 mesh size by means of a Roll Grinderl? and thoroughly mixed again by rolling on a
rubber sheet, This portion was further reduced in size by the cone and quarter method,
and the resulting 10 - 15 pound portion was crushed to 20-mesh size by means of the roll
grinder. After thorough mixing, a 5 = 8 pound sample was obtained by the cone and quarter

nethod. One half of this portion was placed in a motor-driven agate mortar and pestle



SAMPLES FROM JUNIPEIR RIDGE
grinding unit and reduced to 100 mesh or finer., These 100-mesh portions were used for
analysis. In the case of each sample the discarded portions from each step in the
reduction were recombined and resampled in the above manner whenever a new portion of
that sample was needed for analysis.

Samplesﬂlx and X were submitted in the form of a fine powder of approximately
100-mesh size, therefore no further reduction in size was carried out but the sampler
were mixed by rolling on a rubber sheet.

Samples VII, XI, XII, XIV, and XV were redueced in size by grinding in an iron
mortar by means of an iron pestle. These samples were reduced in size according to
standard sampling procedures, ‘
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INTRODUCTION

In connection with the reported occurrence of tin in Oregon obsidians, the author was
instructed to undertake a thorough analytical investigation to determine the presence or
absence of tin in Junipor Ridge rooks.

There 1s no single universally accepted method of analysis for tin in any or all its
sompounds, The choice of method 1{es with the user, For this reason, it was found neces~
sary to evaluate the different known methods during the course of this investigation, par-
ticularly as each applies to the present problem. A large number of entirely different
methods of tin analysis was used. These include assaying by fire (smelting on a small scale),
chemical analysis, and spectroscopic analysis. Some of the procedures used, and desoribed
herein, were tested at the suggestion of persons interested in the Juniper Ridge properties.

Gualitative Chemical Analysis

A survey of the analytical procedures used for the detection of tin disclosed a large
number of possible procedures which were weighed one against the other to determine which
was most likely to yield conclusive results.

In this investigation, Juniper Ridge rock samples were to be analyzed for the presence
or absence of ‘tin in any form or combination. The analytical procedure or procedures used
wust detect the presence of tin when associated with the other constituents of the sample.
On the other hand each analytical procedure must not yield a positive test for tin as a
regsult of interfering influences of other constituents in the sample, even though tin or
it3 compounds are not present in the sample,

Fifteen different reagents or tests were selected for this investigation. These re-
apents were used to test samples of Juniper Ridge rock to which tin had been added in the
ferm of metallic tin or as compounds of tin. Tin was added so the author eould be certain
that the metal existed in the sample portions used for testing the reagents. .Four of these
tests were chosen as being specific for tin when present in Juniper Ridge rock; that is,
nsus of the constituents in Juniper Ridge rock interfered with the positive reaction for
tin of any of these reagents, Further investigation showed that none of these reagents
zave a positive reaction for tin when used with samples of Juniper Ridge rock to which tin
o sompounds of tin had not been added,
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Quantitative Chemical Analysis

One fire assay method and two wet-chemical methods were investigated, using standard
samgles of Juniper Ridge rook to which metallic tin or compounds of tin had been added.
The reason for this investigation was to determine the reliability of these methods in
determining quantitatively the amount of tin added to the standard samples,

Spectrographic aAnalysis

i number of different methods of spectral excitation were used with standard samples
of Juniper Rldge rock to which metallic tin or compounds of tin had been added, in order
to determine the lowest concentration of tin which could be detected by all of the spectro-
graphic methods investigated,\ auantitative spectrographic analyses were made to determine
the concentration of tin in the samples of Juniper Ridge rock as suomitted for analysis.

I. METHODS OF OB3TAINING TIN IN A KNOWN FORM

4. List of lethods . : (34)

The following procedures have been used for obtaininz tin in a known form that
is susceptible to further testing or identification:

1. Blow pipe fusion on charcoal, of a mixture composed of ore, potassium cyanide,
end litharge»s
2. Fusion of the ore, potassium hydroxide, and sodium peroxide or carbon, depending
upon the nature of the ore?9’80 81
3. For ores of high copper content a nitric-hydrotluoric =sulphuric acid treatment
followed by a hydrochloric-nitric acid extractfion of residue and a sudbsequent
potassium hydroxide fusion is sometimes amployed.82
4. A nitric acid, aqua regla, potassium bisuifate, sodium carbonate, potassium ni-
trate treatment for qualitative aznalysis,
5. Fusion of a mixturs of ore, sodium carbonate, and potassium cyanide.
6. Hydrochlorie-sulghuric acid digestion of the sample. 84,65,86,95,96
7. Alkall cjanide fusion using a’ fire ~clay crucible. 87,10,88
8. Sodium peroxide fusion,99,16
9. Low grade ores concentrated and reduced with charcoal before assaying. 90,54, 52
10. In presence of organic matter, a Kjeldahl digestion followed by hydrogen sulfide
is frequently used, 91,92
1l. Pusion of a mixture of ore, sodium carbonate, and sulfur, 93594597
12. Fusion of a mixture of ore, sodium carbonate, and charcoal,?3
13, Reduction by means of hydrogen.8°’5°
14, Roasting ore in Jack Rabbit furnace.3%» 60,61
15. Roasting of a mixture of ore, coke, coal or charcoal in Jack Rabbit furnace.
16. Roasting of ore, charcoal, and limestone mixture in Jack Rabbit furnaoe.18
17. Roasting a mixture of ore and borax in a Jack Rabbit furnace.57
18, Roasting a mixture of ore and sodium carbonate in a Jack Rabbit furnace.57
19. Roasting a mixture of ore and resin in a Jack Rabbit furnace. 0,61, 34
20. Roasting ore on a sage brush firea3“’17
21, Electro-thermal reduction of ore. using carbon or graphite arc and a flux.57
22. Heating ore with hot fat for the purpose of coagulating small, metallic tin par-
ticles. 50,61
23. Roasting mixture of ore, charcoal, and sugar solution.17
24, Digestion of ore with caustic soda solution, acidifying and evaporating to pre-’
cipitate insoluble tin oxide,b7
25. Roasting ore on wood fire followed by 0il flotation and panning the 01l float
oonoentrate.Bu

8y

17,60, 61,3&
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26,

27,
28,
29,
30.
31.

Roasting sample on wood fire followed by oil flotation and subjecting float con-
centrate to electro-thermal reduction in carbon arc.5’

Fusion of ore sample with potassium cyanide and cupric oxide mixture,

Fusion of ore, charcoal, borax glass, and sodium chloride°98

Fusion of.sample and potassium bisulphate.99,1°°

Fusion of ore and various fluxes in a Whitton bomb.

Fusion of ore and various fluxes in a Parr bomb,

I1. AN INVESTIGATION OF THE REACTION OF SOME ANALYTICAL REAGENTS

The first step taken in the laboratory investigation was to determine what specific

tests for the presence of tin are the most sensitive and rél;able when used on standards
prepared by adding tin to Juniper Ridge rock.

egent

A survey of the literature71!1“921’351u2 disclosed a large number of different re-
s and chemical tests used for the detection of tin or 1ts compounds, - The ma jority

of these depend upon the reacéion of the reagent with stannous or stannic ions in an
aqueous solution. ' '

A. Reagents chosen

1.

B. Me

The following fifteen reagents or tests were selected as being the most promis-
ing.

(35)

(36)

1- cacothelinea’u%u%23’33’55’l 8+ mercuric chlor1d0108’1°9’11°’111’27’66’112

2- molybdic aaid101’78'111 : 9~ merouric chloride and anilinell3,73
3= ferrous dimethylglyoximeu7$1°2 10+ sodium nitroprusside22
Y- ammonium phosphomolybdatelo2 11~ phosphomolybdic acidzu
5= diazene greenu7’1°3’19 * 12~ phenylarsonic acidmea107,[“6’13!"“5’1*l+
6- flame testiO4,105,106,51,65 13- uric acid®3
7- resorcinoli®7,3 ik~ nitrophenylarsenic aoid71+

15- hydrogen sulfidellu:20’1151116’27:117

The selection of these reagents was based on reasons as follows: The accep-
tance of the resgent as shown by its use over a number of years by various sclen-
tists working on unrelated provlems; the availability and stability of the reagent;
the specific nature of the reagent in the presence of other ions; the sensitivity
of the reagent for detecting either large or small concentrations of tin under
ordinary leboratory conditions; and the ability of the reagent to indicate the
presence of tin without the necessity of a rumber of separations of tin from the
other elements in the sample with the subsequent danger of loss of tin during the
separations, ’

1.

thods used in testing reagents

Standard solutions of %in in hydrochloric acid

The fifteen selected reagents and tests were tested by using standard solu-
tions prepared by dissolving c.p. shot-tin in hydrechloric acid. The standard
solutions covered a raﬁge of concentrations from 5.0% tin te 0.05% tin in steps
of 0.05%, Method 1., A unit volume (5 ml.*) of each different standard solution
was tested at least twice by each different reagent in the method described under
the directions for the use of that particular reagent. Method 2, The tin in a
unit volume of each standard solution was precipifated by hydrogen sulfide and
the resulting precipitate was concentrated by centrifuging and redissolving, and

* ml,

= milliliter, One-thousandth liter, or practically equivalent to a cubic centimeter

(.0338147 ounce liquid measure).

(32)
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each reaéent was used to test the resulting solution,

2, Stendard mixtures of tin and Juniper Ridge roock (38)
ae Sample I and sample VII were selected as being representative of the two
main types of Juniper Ridge rock. These two samples were prepared as descrilbad
under sampling (33) and were of approximately 100 mesh particle size. =Rach of
these samples was used as the matrix material in the pre?aration of samples
containing known oconcentrations of tin added as metallic tin or known compounds
of tin.
b. Pour series of standard samples of tin in each of these base materials
were prepared. Each series contained standards whose tin content were 5.0%,
3.0%, 1.0%, 0.5%, 0.3%, 0s1%, and 0.05%. The following forms of tin were used
for the preparation of the standards: (1) shot-tin, (2) stannic oxide, (3)
cassiterite, and (4) stannite. The standards containing cassiterite and the
standards containing stannite were not as aoocurately prepared as the standards
containing shot-tin and the standards containing stannic oxide, but it was
thought that these naturally-occurring forms of tin should be used in the
preparation of the standards. Spectrographic analyses later showed that these
standards were of sufficient accuracy for the purpose for which they were used.
The procedures used in testing these standard mixtures will be described under
111, "Experimental Procedures Uling Standard Mixtures of Tin and Junipor Ridge
Rooko™
C. Selection of reagents suitable for further experimental work. (39)
From information gained by a study of thq reactions of the fifteen reagents and '
tests on the prepared standard mixtures of Juniper Ridge rock containing known con-
centrations of tin, four reagents were selected as being superior to the others for
the purpose of this particular inveltigation. These reagents were selected because
of their sensitivity, stability over a period of time, sharp color changes, and be-
cause they are specific in the detection of tin whenever this element or its com-
pounds is present in Juniper Ridge rock. The reagents selected were: ' (1) cacothel-
ine, (2) molybdic acid, (3) mercuric chloride and aniline, and (4) diazene green.
III, EXPERIMENTAL PROCEDURES USING STANDARD MIXTURES OF TIN IN JUNIPER RIDGE ROCK
4, Digestion of sample with hydrochloric-sulphuric acid mixture (Eg)
In the decomposition of materials containing tin it is necessary to take pre-
cautions to avoid the loss of tin due to volatilization of tin chloride when a hydro-
chloric acid solution of the metal is heated. H. B. Knowles found that no loss of
tin occurs when dilute hydrochloric acid solutions containing tin are boiled if
sulphuric acid is present in the solution, even if the solution is boilod to fumesn8
For this reason sulphuric acid was added to all hydrochloric acid solutions in which
tin was or might be present,
1. A 0.5 gram portion of each prepared standard containing shot-tin was treated (El)
with 5§ ml. of hydrochloric-sulphuric acid mixture,.
2. The acid mixture containing the standard was brought to gentle boiling and held(42)

at that temperature for one minute, then kept in a hot witer bath for five addi-
tional minutes, At the end of five minutes in the water ba@h the solution was

separated from the residue by centrifuging, the filtrate was evaporated to a vol-
ume of 1 ml. which was then used for a tin test using one of the fifteen selected
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being the most promising, Kach preparation of test-solution and each analytical
reagent test was run in duplicats,

3. The above procedure was repeated to the point of bringing the acid mixture (42-8)
containing the standard to boiling and the solution was left for 24 hours at
room temperature in a mechanical agitator. At the end of this period of leach-
ing, the solution was centrifuged and concentrated, by boiling, to a volume of
1l ml. and the concentrated solution was tested with an analytical reagent. Each
preparation of test solution and each’ of the fifteen analytical reagents were
run in duplicate.

4, a. The procedure described in (42) was repeated and after the digestion in (43)

the hot water bath the solution was centrifuged, concentrated to a volume of

1 ml, and ccoled. The pH of ths concentrated solution was adjusted and the

tin was precipitated according to standard analytical prooedures.ll9’12°’121

The precipitate was centrifuged, washed, dissolved and the tin was reprecipi-

tated as tin sulphides. The sulpnides were dissolved and the solution evapo-

rated to a volume of 1 ml. and tested for the presence of tin using one of the
seleocted analytiscal reagents. This procedure was repeated in duplicate with

each of the different standerds containing shot-tin and each of the remaining
fourteen different analytical ra2sgents.

b. The same series of tasts was repeated using the 1 ml. solution obtained
by concentrating the room temperature leach as described in (42-a).

B. Blowpipe fusions* on garbon {(echarsocal) block (4k)
1. Samples I, II, III, I¥, V, VI, and VII were analyzed for the presence of . (45)

sulphur and were found t¢ be sulphur~irece., Therefore, only those standards in
whioh the tin had been added as shot-tin, stannic oxide, or cassiterite were used
in the following ssries of tests,

2, A 0,5 mg. sample of eash individual member of each of the three series of (Qé)
standard samples mantioned abovs was subjected to the actiorn of the reducing por-
tion of a blowpipe flame. Ewery sample was fused on a carbon block with each of

tne following {luxes: (1) potassium cyanide, (2) a mixture of potassium cyanide
and litharge, (3) a mixture nf potassium cyanide and sodium carbonate, (4) a mix-
ture of potassium cyanide and potassium carbonate, (5) a mixture of potassium
cyanide, sodium carbonate, and potassium carbonate, (6) a mixture of potassium
ocyanide and borax, (7) a mixture of potassium cyanide and cupric oxide, (8) a
mixture of potassium cyanide, cupric oxide, and borax, (9) sodium carbonate,

(10) charcoal, (11) a mixture of potassium cyanide and charcoal, (12) borax.

3. a. The fusion mixture resulting from each fusion was treated in the follow- (47)
ing manner; the fused mass was crushed in an agate mortar and the entire
orushed sample was treated as described in (42). The resulting 1 ml. of solu-
tion was tested for the presence of tin using one of the fifteen analytical
reagentsqb This procedure was repeated for each of the fifteen different ana-
lytical reagents and each fusion and test was run in duplicate., )

b. The above fuslons were repeated and the fusion mixtures were treated as
described in'(&z), and each resulting solution was treated with one of the
fourteen different analytical reagents, This procedure was repeated for each
of the fourteen differsnt analytical reagents and each fusion and each test
was run in duplicate.

* Throughout the report the term fusion is used to designate the result of subjection of a
sample or mixture of sample and other substances to the influence of heat irrespective of
the physical condition of the heated sample,
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4.

The selection of the four analytical reagents cacotheline, molybdic =zecid,
mercuric chloride with aniline, and diazene green was based on the results of
these series of tests, It was concluded that concentrations of tin in samples
that are far below the grade of éommercial ore can be detected with certainty,
and that the concentration of the tin by the hydrogen sulphide precipitation
procedure slightly increased the sensitivity of the tests. It was also found
that more satisfactory results with regard to sensitivity and speed of analysis
were obtained with the samples which had been boiled and then digested in a hot
water bath than with those samples which had been subjected to a 24 hour leach
at room temperature.

Analytical procedures adopted

Throughout this investigation fcur different general analytical procedures
were used. These procedures are as follows:

Analytical Procedure No. 1

The sample or mixture to be analyzed for tin is digested with a hydro-
chloric-sulphuric acid mixture by oringing to a gentle boil for one minute
and then plecing in & hot water bath for five minutes. At the end of five
minutes in the water bath the solution is separated from the residue by cen-
trifuging, The filtrate is evaporated to a volume of one ml. which is then
tested for the presence of tin using each of the following test reagents:

(1) cacotheline, (2) molybdic aeid; (3) diazene zreen, and (4) mercuric chlo-

ride and aniline.

Analytical Procedure No. -2 )

The sample or mixture is panned down and the concentrate examined with
the aid of a microscope to determine the presence or absence of metallic
particles.

Analytical Procedure No, 3

This procedure is identical to Analytical Procedure No, 1l to the point
where the {iltrate 1s concentrated to a volume of 1 ml, At this point the
pH of the concentrated solution is eadjusted according to standard qualita-
tive analysis procedures for the analysis of group II of the cations and the

tin is precipitated by means of hydrogen sulfids, The precipitated sulphides

are washed, dissolved, and the i{in reprecipitated as tin sulphides. The
sulphides are redissclved, the solution evaporated to a volume of 1 ml. and
this solutlion is tested for the presence or absence of tin using each of the
test reagents listed in Analytical Procedure No. 1.

Analytical Procedure No. 4
The sample or mixture to be analyzed for tin is digested with a hydro-

chloric-sulphuric acid mixture as described in Analytical Procedure No. 1 (49).

At the end of the digestion period the contents of the digestion container

are centrifuged, the residue labeled "R - 1" and the filtrate labeled "WF - 1%,

The filtrate (F = 1) is concentrated by boiling to a volume of 25 ml. and
after allowing to cool any precipitated material is centrifuged off and the

filtrate is labeled\"F - 27, Residue (R = 1) 1s digested with 25 ml. of hydro-
chloric-sulphuric acid mixture in the manner described in Analytical Procedure

No. 1 and the resulting filtrate 1is added to filtrate (F - 2) and labeled
WP - 3", Solution (F - 3) is concentrated to a volume of § ml. by boiling,
centrifuged and the filtrate labeled "F = Um, A portion of filtrate (P - 4)
‘I8 tested by means of the test reagents iisted in Analytical Procedure No. 1
and another portion of (F - N)‘is tested according to Analytical Procedure
No. 3.

(48)

(20)

(51)

(32)
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IV. EXPZRIMENTAL PROCEDURE USING JUNIPER RIDGE ROCK SAMPLES

ae wualitative analysis

1.

Digestion of samples with hydrochloric-sulfuric acid mixture

&, Juniper lidge samples I, II, III, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII,
AIV, XV were used and each experiment was carried out in duplicate.

b. (1) Every sample (54) was treated according to the procedure described in
Analytical Procedure No. 1 (49).

(2) Every sample (54) was treated according to the procedure described in
Analytical Procedure No. 3 (jl) to the point where tin sulphides would
precipitate if tin were present. Tin sulphides were not obtained in any
pf these tests. )

¢. Results: The presence of tin was not detected in any of these tests.

Blowpipe fusions on carbon blocks

a. Samples I, II, III, IV, V, VI, VII, VIII, IX, and X were used and each experi-
ment was carried out in duplicate.

b. Each sample was mixed with each of the fluxes listed in (ié) and each fusion
was carried out in duplicate.

c. (1) One of each fusion mixture was treated in the manner desoribed in Analyt-
ical Procedure No. 1 (49).

(2) One of each fusion mixture was itreated in the manner described in Analyt-
ical Procedure No. 3 (jl) to' the point where tin sulphides would precipi-
tate if tin were present. Tin sulphides were not obtained in any of these
tests,

d. desults: The presence of tin was not detected in any of tunese tests.

Fusions in crucivles
a. Openvflame heat source
(1) Samples I, II, III, IV, V, VI, VII, VIII, IX, and X were used in these
series of tests and each sample was run in triplicate with each flux em-
ployed-
(2) The following fluxes were used; (1) potassium cyanide, (2) a mixture

of potassium cyanide and sodium carbonate, (3) a mixture of potassium cya-
nide and potassium carbonate, (4) potassium carbonate, (5) a mixture of
sodium carbonate and sodium peroxide, (6) a mixture of sodium hydroxide

and sodium peroxide, (7) charcoal, (8) charcoal mixed in a saturated solu-
tion of sugar, (9) potassium hydroxide and nitric acid, (10) potassium
bisulphate, (11) charcoal, sodium bicarbonate flour and covered with a
sodium chloride layer, (12) borex, (13) a mixture of borax and cupric oxide,
{14) a mixture of potassium cyanide and litharge, (15) a mixture of sodium
hydroxide and carbon, (16) a mixture of sodium carbenate and sulphur, (17)

a mixture of sodium carbonate and carbon, and (16) metallic aluminum powder.

(3) The heat for the fusions was obtained by means of a Meker blast lamp
with laboratory gas and compressed air. No accurate temperature control
was undertaken. Coors porcelain orucibles, nickel crucibles, fireclay
crucibles, or iron crucibles were used depending upon the nature of the

(53)

(60)

(66)
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flux. All of these crucibles were covered with a top made of the same
material as the crucible except in the case of the fireclay crucibles.

Ten israms of sample were used for each fusion., 3ecause of the corrosive
action of some of the fluxes used, the nature and time of heating were not
the same for all of the heat treatments. Then the mixture to be heated
did not attack a porcelain crucible this type of crucible and cover was
used and the purner flame was adjusted to keep the outside of the crucible
at a bribht red color for a period of one hour. In thoss heat treatments
where corrosive fluxes were used the selection of the type of crucible to
hold thé“¢liarze was based on the resistance of the crucible to that par-
ticular fusion mixture. The crucible and charge were heated until the
outside of the crucible was a dull red celor and the burner flame controlled
to keep thisg temperzture for as long a period as that particular crucible
would withstand the action of the charge without breaking. ione of these
heatiné periods exceeded onc nheur,

(4) (a) One of each of thne 18 fusion mixtures (65) was pannod down and (£2)
the concentrates were examined with the aid of a binocular microscope.
particles of metal were cetected in the fusions to which a metal oxide,
serving as a tin collector, had been added. The concentrates were

tested for the presence of tin by Analytical Procedure No. 1 (49). a
slightly modified procedure was used in analyzing the concentrates
containing metal derived from the metal oxices added to the fusion
mixture.

(v) _Analytical Procedure No. 3 (51) was not employed because tin sulfides

were not precipitated.
N

(e Zach of the two remaining fusions of each fusion mixture was
‘reated in the following manner: The contents of the crucibles were
removed by wechanical or chemical methods and placed in a bdeaker of
iatér. After acidifying with a hydrochloric-sulphuric acid mixture,
the beaker contents were treated according to Analytical ’rocedure
flo. 4 (52). "Tin sulphides were not ovtained by inalytical Procedure

No. 3 (581).

(5) Results: The presence of tin was not detected in any of these tests, (éﬁ)‘

b. Fusions in electric muffle (éj}
(1) Grdinafivfuéion.méthod (70)
(a) The samples listed in (64) were used. (71)

(b) The- fluxes 1isted in (65) were used. ' (72)

(¢) . In theae series of tests the scurce of heat was a Hoskins elec- (73)
tric muffle furnace., The temperature inside the muffle was controlled
uya.rhgbgt@jy a’ pyrometer and a chromel-alumel thermocouple encased
in a prbteqiing tube, the end of the metal Junction being kept approxi-
mately one inch above the center of the muffle floor. The muffle floor
was covered,-with a protecting layer of ground flint. The charged cru-
cibles vere ylated 1n the muffle which was raised from room temperature
to 1060°(C,ugndlheld at that point for one hour in the cases of non-
corrosive. éhﬁPgEB.: In the cases of corrosive charges the temperature
was aintained for as long a period as the crucible would withstand
the actibdn of the charge. None of the heating periods exceeded one
hour. The types of eruclibles described in (éé) vere used.
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Analytical Procedure No. 1 (49). The duplicate of each fusion mixture
was treated in the manner described in Analytical Procedure No. 3 (51).
Tin sulphides were not obtained in any of these tests,

Results: The presence of tin was not detected in any of these tests.

{2) Time-temperature draw trials - Serlies 4

(a).

(b)

(c)

(d)

(e)

Samples I, II, III, IV, V, VI, VII were used in this series of
tests, Kach test was run in duplicate.

The charge consisted of a 5,0 gm. portion of ss:ple mixec with
20 gms. of potassium oyanide, Two gms. of potassiun cyanide were used
as a cover for the charge.

-l= The electric muffle and temperature control unit described in
(Z}) were used and the muffle rheostat was adjusted so that the
inside temperature of the muffle rose from room temperature to
1150° C. in a periad of about four hours, Large Coors porcelain
crucibles were used to hold the charges.

2= The following procedure was used in making the draw trials:
The muffle was filled with crucibles containing the charge of po-
tassium cyanide and sample I. One crucible was removed at every
25° C. rise in temperature starting at 500® C. for the iirst cru-
cible removed and ending at 1150° C. for the removal of the last
crucible.* This procedure was repeated in duplicate using each of
the samples listed in (22)-

7he fusion mixtures obtained were each treated in the manner des-
cribed in Analytical Procedures Nos. 2 and 4 (50) (52). One of each
duplicate fuslon mixture was analyzed by procedures described under
Analytioal Procedure No. 2 (50) and the concentrate unalyred according
to Analytical Procedure No. 1 (49). The other dupligate -8 analyzad
by the method described under Analytical Procedure No. Y (23). Tin
sulphides were not obtained.

Results: The presence of tin was not detected in any of these tests.

(3) Time~temperature draw trials - Series B

(=)

(e)

(a) -

(o)

(b) The same samples, charge compositions, and apparatus described in
(77) (78) and (79) were used.

The following procedure was used in making these draw trials:
the muffle was filled with crucibles containing the charge of potas-
sium cyanide and sample 1. (fhen the temperature of the muffle reached
500° C. one crucible was withdrawn from the muffle and the muffle ruec-
‘stat vas adjusted to hold the temperature of the inside of the muffle
at 500° C. The remaining crucibles in the muffle were withdrawn at
five-minute intervals over a period of one hour., This procedure was
repeated at evory 25° C. increase in temperature up to and including
1150° ¢, This procedure was repeated in duplicate for each sample from
sample I through sample VII.

The fuslon mixtures obtained were treated as described under draw
trials 3eries A (80).

Results: The presence of tin was not detected in any of these tests.

'31)
(82)

(83)
(84)

(85)

(88)

(&)

* The melting point of potassium cyanide 19.63Q55° C.; the melting point of mot:llic tin

is 231.9° C. and its boiling point is 2260° C.,below which temperature volatilization is

negligible,
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Ce

(4) Time-temperature draw trials = Series G

(a)

(b)

(c)

(e)

Duplicate portions of samples I, II, III, IV, V, VI, VII were
used in these tests,

The charge consisted of a 5.0 gm. portion of sample .mixed with
10 gms., of carbon and the mixture was placed in a Coors porcelain
crucible and covered with 2 gms. of carbon. A porcelain crucible
cover was placed on the crucible,

(d) The same apparatus, method of making the draw trials, and temper-
ature conditions and treatment of the fusion mixtures were employed
as described under {79) and (80).

Results: The presence of tin was not detected in any of these tests,

(5) Time-temperature draw trials « Series D

(a)

(o)
(e)

(d)

(o)

Fusions

Duplicate portioas of samples I, 1I, III, IV, V, VI, VII were
used in these tests.

The same type of charge described in (30) was used.

The epparatus and experimental procedure were the same as des-

cribed in (85).

The treetments of fusion mixtures were the same as described in

(89).

Results: The presence of tin was not detected in any of these tests.

in gas fired muffles

(1) sample, charcoal, sugar charges

(a)

(b)

(¢)

(a)

Duplicate portlons of samples 1, II, III, IV, V, VI, VII were
used,

The charge conpesition for this series of tesis was 50 gms, of
sample, 25 gms. of charceal, and 25 gzms., of a saturated solution of
sugar in water,17 The constituents of the charge were well mixed and
the charge was placed in a fireclay crucible. A smaller crucible was
inverted over the crucible containing the charge and the inverted cru-
cible was forced down until it fitted as tightly as possible so as to
form an air-tight cover,

The charged crucible was placed in the muffle of a gas fired assay
furnace, the burners of which were adjusted to give maximum reducing
conditions as evidenced by carbon dgposition on the orucibles during
the heat treatment., The charged crucibles were heated to a red heat
and held at this temperature for twelve minutes. The fired crucibles
were removed from the furnace and allowed to cool,

The charge was removed from the cooled crucible, gzround in a mor-
tar and panned. Cne concentrate from each duplicate fusion was treated
in the manner described in Analytical Procedure No. 1 (43). During the
panning operation a considerable quantity of carbonacecus material
floated to the top of the pan. This matter was filtered off during the
panning process and combined with simllar material obtained from the
duplicate sample, The combined residues from these filtrations were
dried and heated in hot mutton tallow for the purpose of coagulating
small particles of tin if present. The tallow was decanted and the
residue washed with an organic solvent and tested for the presence of

(88)
(82)

(20)

(204)

(103)



CHEMICAL AND SPECTROCHEMICAL ANALYSZES

tin by the procedure described in Analytical Procedure Ko. 1. The
other concentrate from each duplicate fusion was tested according to
Analytical Procedure Ho. 2 (50).

(e) Results: The presence of tin was not detected by any of these tesis.

(2) Potassium cyanide fusions

(a) One or more portions of samnples I, 1I, 111, IV, V, VI, VII were
used in thils series of tests anc a-+total of twenty-nine rusions was

made,

(p) The charge composition used in this series of tests was 2 gms. of
potassium cyanide pleced in the bottom of a fireclay crusible to which
was then added a mixture composed of 20 zms., of potassium cyanide and

5 pmse of sample; 5 gis. of potassium cyanide were used as a cover,

s

(c¢) Tnree different types of gas fired assay furnaces were used.5
Atmospheric conditions within the furnaces, furnace temperatures, and
periods of heating were varied.

(¢ After removal from the furnace and after being allowed to cool,
cach crucible was broken and the fusion mixture examined with the =id
of & nand lens. The contents of each crucible including any adhering
materlal was panned down ané the concentrate was examined with the aid
of a hand lens. The author did not participate in the manipulation
of these tests except to weigh out the charge compcnents and to check
on the exgmination of the fusions aiter they were allowed tc cool.7

(e) Results: Tuae presence of tin was not detected in any of these tests,

4, Jack Rabblt furnace* fusion

a., Lescription of furnaces
Four different furnaces were used in these series of testis. #furnace lo. 1
was constructed by the author as nearly as possible to agree with specifice-
tions given to him.18 This furnace consisted essentlially of a :iece of 6-inch,
iron pipe about 2 feet long into the top side of which, about midway of its
length, & short siece of %-1nch pipe was introduced. OCne end of the 6-inch
pipe was sealed with an iron cap; the other end left open.

(1) Furnace o, 1 was built to conform to the general specifications ziven
above but with the following modifications: (1) the %-inch pipe was placed
at a point approximately 16 inches from the upper end of the body, (2) the
upper end of the body was closed by a steel plate welded to the body, (3)
the body of the furnace was mounted on legs so that it formed a vertical
angle of about 45° and the bottom of the lower end of the body was approxi-
wately 6 inches from the base upon which the zssembled unit was placed,

(4) the body of the furnsce was covered with a Z-inch layer of heat-insul-
ating fiber which was held in place by a sheet metal cover and (5) several
pleces of iron having different shapes and sizes were used to vary the
character of the opening at the lower end of the body.

(2) furnace No. 2 was borrowed for the purpose of this 1nvest1gation.60

1t was quite similar to No. 1, with the exception that it was slightly
larger, had two feed pipes instead of one (one rlaced midway lengthwise
of the furnace and the other half-way between the one so described and the
upper end of the furnace), and the body of the furnace was set at an angle

* urigin of terminology unknown,

(106)

(107)
(108)

(209)
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of about 20°, instead of 45°, from the base.

(3) Furnace No., 3 was a smaller modsl of furnace no. 2. Its upper end
cap was held on by clamps for easy removal.

(4) Furnace No. 4 (Plate 4) was presented to the author.60 This furnace
was similar to furnace no. 3 and had the following apecifications: fThe
body of the furnace was a piece of iron tubing 6% inches in length and
2 1/8 inches inside diameter. 1t was mounted on legs so that it was ap-
proximately horizontal. Two feed pipes were used; one was & standard 1
inech pipe coupling and was placad lé inches from the lower end of the body.
ine other was a standard half{ inch plpe coupling and was placed 5% inches
from the lower end of the body.. Both feed pipes were displaced slightly
from the normal; the sumaller diameter pipe was displaced toward the lower
end of the body and the larzer diameter feed pipe was displaced toward the
upper end of the vody.

b, Experimental procedure used with furnace uc., 1

Ce.

(1) Senples 1, 11, 1II, IV, V, VI, VII, IX were used,

(2) sach sample was heated in cuplicate runs without the use of flux and
each sample was heated in duplicate with twice 1ts weight of carbon. The
charge consisted of one pound of rock or one pound of rock and carbon in
equal proportions, both ground to 50-100 mesh particle size, in sach case.

(3) The furnace was heated by means of a large blast lamp placed in the
opening at the lower end of the body of the furnace, firad with laboratory
gas, and so adjusted as to use an excess of gas, The following different
firing procedures were used: (1) charge placed in unheated furnace and
the furnace brought to s barely visible red heat, (2) charze placed in un-
heated furnace, and furnace brought 40 a dull red heat, (3) charge placed
in the unheated furnace and the {urnace drought to a bright red heat,

(4) charge placed in the furnace which had been preheatesd to a barely vis-
ible rod heat and charge kept at that $emperature for one hour, (5) con-
ditions in "4V repeated and charge kept in furnace iwo hours, {6) charge
placed in the furnace which had been brought to & dull red heat and "4
and "S" repeated.

(&) Each heated charge was withdrawn from the furnace and panned down;
the concentrates were examined with the 2id of & binocular microscope and
were then analyzed in the manner described in Analytical Procedure No. 1

(49).
(5) Results: The presence of tin was not detected in any of these tests.

Cxperimental procedures used with furnace no, 2

(1) The samples listed in (120) were used.
(2) The following fluxes used were: carbon, sodium carbonate, calciunm

carsonate, calcium carbonate and charcoal, and sodium carbonate and char=
coal; 200 gms. of sample used in each charge mixture.

(3) The procedure described in (122) was used.
(%) The fusion mixtures were treated by the procedures described in (123).
(5) Hesults: The presence of tin wes not detected in any of these tests.

d. kxperimental procedures used with furnace no, 3

(1) Duplicate portions of samples XI, XII, XIII were used.

(118)

(222)

(123)

(124)
(125)
(126)
(127)

(126)
(129)
(130)
(131)
(132)
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(2) The charge was 3 ounces of sample which had been crushed in a clean (133)
iron mortar to approximately 20~-mesh size.

(3) The closed end of the furnace was preheated in an open wood fire and
then by blow torch.

&) The sample charge was placed in the furnace thrcugh the feed pipe (134)
and the gasoline blast torch was glaced at the cpen end of the wody of the
furnace., ine flame was allowed %c¢ play on the insicde of the body and on
the charge. dhen the sample charre reacned a rec nect, appreximately 20
grums of resin was added through the feed pige and mixed with the sample
by means of an iron spcoon. The mixed chargs was aglteted at intervals so
that all portions of charze reached 2 reé heat. The flame was allowed
partially to reflect from the wall ol the furnace and partially %o iupinge directly
onto the fusion mixture.

At the end of the period of heating, the charge was scraped frem the (125
inside of the furnace and ground 1in the iron mortar until tne entire caarge
passed through a screen of approximately 60-mesh. This ground charge wes
panned down, and the concentrates examined with the aild of s hand lens.

The same procedure was repeated on several samples where resin was not
employed.

(5) Results: The presence of tin in any of ithe tests carried out by the zuthor (136}
was not detected.

e. Experimental procedures used with furnace no, 4 (137)
(1) Samples 1, II, III, iV, V, VI, VII, IX, XI, XIiI, 111, XIV, £V were (138)

used in these scries of tests.

(2) Each samplie was heated in duplicate without the use of a flux, and (132)
each sample was heeted in duplicate with cach of the following :i'luxes;
(a) charcoal, (b) borax, (¢) calcium carbonate, {(d) caisium carbonate plus
charcoal, (e) borax plus sharcoel, (f) sodium carbonate, (g} sodium car=-

borate plus charcoal, (h) resin.

(3) The following different firing grocedures were used: {(a) charge (140)
placed in unheated furnace, then furnace temperature orought to a 2arely
visible red heat and charge withdrawn from furnace, (b) condition "a"
repeated and sample left in furnace at barely visible heat for periods of
10, 20, and 30 minutes before being withdrawn from furnace, {(c} charge
placed 1n unheated furnace and furnace brought to duil red heat, then
charge withdrawn from furnace, (d) conditlons in "c¢" repeczted and charge
left in furnace fer periods of 10, 20, and 30 minutes before being with-
érawn from furnace, {e) charge placed in unheated furnace, which was orought
to bright red heat, and charge withdrawn from furnace, (f) conditions in
e pepeated and charge left in furnace for yperiods of 10, 20, and 30 ain-
utes before being withdrawn from furnace. IFurnace was heated by means of a
gasoline blowtorch, the flame from which was allowed partially to reflect
on the walls of the furnace and partielly to impinge directly on thne sample.
Charges vere stirred by means of an iron scraper during firings. Approx-
imately 100 grams of sample ground to 50-130 mesh particle size were used
per charge.

(4) After oeing scraped from furnace and allowed to cool, each heated (141)
charge was panned down., The concentrates were examined with the aid of a
binocular microscope and were then analyzed in the manner described in
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(5) Results: The presence of tian was not found in any of thesa tests,

. #usions in closed systems

Closed systems were employed to prevent the loss by diffusien or volstili-

zution of any of the constituents of the sample or fusion mixture during the

srocess of fusion. Two types of apparatus were employed--the so-~callad #uitton
” PYTR A

upgaratu51‘2’123 and a Parr bomb,L129s00

Via

shitton apparatus

(1) the following samples were used in this series of tests: I, II, IlI,

v, v, Vi, VII, VIII, IX. Duplicate charges were run.

(2) The charges consisted ef (1) sample without flux, (2} sample plus
sodlum carbonate, and (3) sample plus rotassium carbonuote plue sodium per-

oxide. MFive grams of sample ground to 100-mesh particls size wers used
in each charge.

(3) The #Whitton apparatus used (Plate 3) wzs designed for the determin-

ation of mercury in ores by ithe distililation of the metal from tha dry
material by collecting the metal on a weighed metallic sheet. The appa-
ratus consists of the following: (a) 4 stainless steel crucivle, thas ap=-
proximate dimensions of which are 2" high and lé" diameter and having &

steel baffle at its top, holds the charge; (b) a 2i"-square shest of .ure

silver is placed on the top of this crucible. The sheet is held in place

by means of a (c) separate, flat-dottom, shallow, stainless steel crucible

==-2" at bDase, 1" high and about 3" wide at the top. A short, yuarter-

inch rod, indented at the top, serving as a point of contact for the claup
screw, protrudes froh the inside center base of the top c¢rucible, The two

crucibles and the silver plate are held in position by (d) a2 steel screw
clamp, tne arme of which fit under the baffle. The assembly is thus held
together by tightening tie screw of the eclaump.

(&) The following procedure was used: The charge was placsd in she lower

crucible, the units of the apparatus were assembled in tiaelr proper ordar
and securely clamped in place. The lower ¢rucible was insertad in a cir-
cular opening in an asbestos board Jjust large enough tor the crucizle to
£iv tightly and protrude about half of its haight below the doard. The
board plus assembly was placed on & ring stand. The upper crucible was

kept filled with water threughout the heating period and during ths period
when the assembly was beinz cooled. A keker burner was placed beneath the

lower crucible which was heated wita the full flame of the burner {or
tahirty sinutes,

(5) After cooling the charge was placed in a beaker. The 1lnside ol the
lower crucible and the silver foil were washed with hydrochloric acid-sul-~

phuric &«cid mixture by means of carefully scrubdbing with a rubber police-
man, and these washings were added to the beaker. The contents of the
veaker were then tested by the method described in Analytical Procedure

No. 1 (49). Analytical Procedure No. 3 (51) was not used because tin sul-

vhides were not obtained.

(6) Hesults: The presence of tin was not detected in any of these tests,
Parr bomd

(1) The following samples were used in this series of tests: 1, II, 1II,

Iv, v, Vi, VII, IX. Duplicate charges were run.

(2) The charges consisted of -a- sample without flux, ~b- sample plus
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carbon, -o- sample, carbon, sodium perozidn*\potassium perchlorate, =-d-
'+ sample, sodium peroxide and -e~ potassium perchlorate. A 5.0 gm. portion
of each sample was used in each charge.

(3) The Parr bomb (Plate 3) used was designed for use in determination (154)
of the heating value of carbonaceous material., The bomb consists of a
cylinder of heavy ealloy=steel tubing, threaded on the outside of the open
end and lined with a chemical-resisting metallic shell, The bomb weas ap-
proximately 4" high and 2" in diameter, An octagon-shaped steel band was
fastened on the outside of the cylinder just below the threads. A solid
cap with octagon-shaped sides, slightly larger in diameter than the bomb
and having threads to match the threading on the bomb, was screwed to the
top of the bomb, Special wrenches which are constructed to fit the octa-
gons on the top and on the bomb were used to fasten the top securely to
the bomb, A rubber or asbestos gasket depending upon the condition of the
experiment was used between the top and the bomb,

(4) The following procedure was used: The charge was placed in the bomb (155)
and, after securely fastening the cover, the bomb was placed in a circular
opening in an asbestos board just large enough to allow the lower half of
the borb to protrude below the bottom of the asbestos board, The assembly
was placed on a ring stand. The lower end of the bomb was heated by means
of the flame of a bunsen burner until (a) the ignition took place within
the bomb as evidenced by a sudden rise in temperature of the bomb, or .

(b) 4n cases where no igniticn took place within the bomb, the bomb was
brought to & dull red heat and kept at that temperature for fifteen min=
utes,

N

(5) After allowing to cool, the contents of the bomb were placed in a (156)
beaker. The inside of the bomb and the inside of the bomb cover were
washed with a hydrochloric acid-sulphuric acid mixture by carefully scrub-
bing with a rubber policeman, and the washings were added to the beaker
containing the charge. The contents of the beaker were tested by Analy-
tical Procedures Nos, 1 (49) and 2 (90). Analytical Procedure No. 3 (51)
was nct used because tin suiphides were not obtained.

(6) Results: The presence of tin was not detected in any of these tests. (157)

k ‘
6. Wood fire roasting _ (158)
a samples number I, II, III, IV, V, VI, VII, IX, XI, XII, XIII, XIV, XV (159)

bﬂ

Ce

were used in these series of tests,

Procedure was as follows for each sample: A sheet of iron 4 feet square (lég)
was placed on the ground and a brush fire ignited on top. Brush was added
until a bed of coals approximately 10" thick was obtained, Then pieces of
sample ranging in size from 1/8" in diameter to 6" in diameter were placed on
top of the coals, More orush was added, and after a layer of coals was formed
on top of the rock;, another layer of rock was added and more brush placed on
top. This procedure was repeated until the mass was four layers high, The
fire then was heaped with brush and allowed to burn, After cooling, pleces of
rock were removed from the fire after which the ashes were cooled and saved
for testing.

Treatment of roasted rock and ashes . (1671)
(1) (a) Huch of the roasted rock had a brownish, sub-metallie luster, (162)

Samples were crushed to approximately l0O-mesh size, a representative
portion was placed in an iron mortar and ground to approximately 80
to 100 mesh, This was examined with the aid of a binocular microscope
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and then panned down. 7The concentrate was examined with the aild of a
binocular microscope and was then iested by analytical Procedure No. 1
(49). 4nalytical Procedure No. 3 (51) was not used because tin sul-
phides were not ootained.

(v) Representative 10 gm. portions of each roasted sample were heated
in an iron crucible with mutton tallow to coaguléte any small particles
of metallic tin., Tne hot tallow was decanted and the residue washed
with organic solvents. The washed residue was examined with the aid
of a binocular microscope; and the concentrates, after visual examina-
tion, were tireated in the manner described in inalytical Frocedure No.
1 (45). 4analytical Procedure Ho. 3 (51) was not used because tin sul-
shides were not ovtained.,

(c) Representative 10 gm. portions of each roasted sample were sub-
jected to the electro-thermal action of a carbon arce In the arc pro-
cedure each sample was used (1) alone, (2) with potassium hydroxide,
(3) with sodium carbonate, and (4) with borax.

(2) Testing of ashes obtained from wood fire roasting: Portions of each
sample of ashes were treated by the procedures described under treatment
of roasted rock (162).

de desults: The presence of tin was not detected in any of these tests,

Flotation experiments

a, Portions of samples I, 1X, III, IV, V, VI, VII, XI, XII, AIII, XIV, and
AV which had been roasted in the manner described under (160), samples of the
ashes from the wood fires used in the roasting procedures (160), and samples
of the unroasted rock were used for the oil flotation tests.

b 3tandard oil flotation procedures ussed in the flotation of cassiterite
from the silicute gangue by the use of fatty acids, soaps and sodium silicate
11

«era employed.

c. (1) fortions of each float concentrate and euch float residue was excm-
ined by the methods descrived under Ainalytical Procedures Nos. 1 (iz) and
2 (50). 4nalytical Procedure No. 3 {51) was not used because sulphides
uwere not obtained.

(2) vortions of each {loat concentrate and each float residue were sub-
Jected to the electro=-thermal action of the carbon arc. Each was placed
in the arc alone and with the following fluxes (a) potassium hydroxide,
(b) sodium carbonate, (c) borax, and (d) powdered graphite. The resulting
tusion mixtures were examined in the manner described in (168).

d. Results: The presence of tin was not detected in any of these tests,

2
Table concentration experiments)l

a, samples 1, V, and VII were used.

Do Separate portions of each of these samples were treated on a laboratory
model concentrating tableb5 and the concentrates, middlings, and tailings were
examined for the presence or absence of tin or tin compounds.

c. The concentrates, middlings and tailings were each tested by inalyticeal
Procedures Hos. 1 (49) and 2 (50). 4nalytical Procedure No. 3 (51) was not
used because tin sulphides were not ebtained.

No visible gravity separations could be detected &s a result of the tabling,

(168=-2a}
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d. Results: The presence of tin was not detected in any of these tests,

nlectromagnetic separation experiments

ae Porticns of samples I, II, III, IV, V, VI, and VII were used.

be The samples were passed threcugh a standard, lavoratory size electromagnetic
separator3l z2nd the resulting frzactions were exumined for the presence or abe-

sence ol tin or tin compounds.

[ A nortion of eanch fraction obtained was crushed to 100 mesh and examined
accordings to aAnalytical Procedures Nos, 1 (49) nnd 2 (50). analytical Froce-
dure o. 3} was not used because 1ln sulphides were not obtained,

4., Aesults: The presence of tin was not detected in any of these tests,

olectrostatic separation experiments

a. Portions of samples 1, II, ili, IV, V, and VII were used.
2. The samples wsre passed through a standard, laboratory size electrocsiautic

sep r;torBl and the resulting fractions were examined for the presence or ab-

2
sence of tin or tin compounds.

c. 4 portion of each fractlon ovtained was crushed to 100 mesh and exaiined
oy Analytical Frocedures ios. 1 (49) and 2 (50). Analytical Frocedure Ho. 3
(ﬁl} was not used because tin sulphlides were not ootained.

d. results: <The presence of tin was not detected in any of these tests,

Dizestion of samples with caustie soda scviution

@ Samples 1, 11, 111, iv, Vv, VI, ViI, X1, i1, XI1l, A1V and LV were run
in duplicate,

D, A twenty gram sortion of each sample was treated in the following manner:

"Jook three nours in a strong soluticn of caustic soda. #Filter, wash, dilute,
make slightiy acidie with nitric scid and evaporate to dryness--take up in
boiling wazter several times to get rid of all sodium nitrate. fTest remaining

waite precizitste for tin oxide.n®7

c. The residue rewmaining after the above treatment were tested by blow=-pipe
fusions using potassium cyanide-litharge flux and cacotheline as the test

reagent."g
d. Results: The gresence of tin was not detected 1In any of these tests,

ilycdrogen reduction

a. Sa.xples I, 11, I11I, 1V, V, VI, VII, and X wére run in duplicate. A por-
tion of sample I to which stannlc cxide had been intentionally added was run
w5 a control.

C. The apparatus used for the hydrogen reduction was similar to that used
for the reduction of organic cempounds., 4 typical set-up of this type of ap-
rwratus is snhown in plate 3. The assembled apparatus consisted of o tank of
compressed hydrogen fitted with a regulating valve. The rate of flow of the
sas siream was conitrolled by means of a pressure regulator. The samples were
zlaeced in porcelain boats which were set inside of a mullite combustion tube,
The lattier was pleced inside of an eleciric cowxbustion furnace whose tempera-
ture was re;ulated by means of a rheostat. A stopper in the inlet end of the
combustion tube contained a glass tube through which the hydrogen and the
thermocouple entered, The insice tewmperature of the combustion tube was mea-
sured by means of a chromel-alumel thermococuple and a pyrometer. 4 gas washing

s
o
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bottle containing hydrochloric acid was placed on the exit end of the combus~-
tion tube,

After placing the boat containing the sample inside of the cold combus-~
tion tube the individual units of the assembly were connected and hydrogen gas
was allowed to flew through the assembly. When the air had been displaced
from the assembly the temperatuke of the combustion tube was brought to $60°C,
and kept at this temperature for one hour, Then the furnace was cooled with-
out interrupting the flow of hydrogen gas.

The sooled samples were snalyzsd for the presence of tin according to
Analytieal Procedure No. 1 (49). The contents of the gas washing bottle was
analyzed by reduection with metallie magnesium and the reduced solution tested
by means of cacotheline.

Resul$s: (nly that sample to which tirn had been intentionally added as a con-
trel showed the presenocs of *tin,

Thermit reactions

8o

Ce

Goldsonmidt?s "thermit" proocess for the reduction of a metallic oxide to
the metal depends upon the great svelution of heat resulting from the combina-
tion of aluminum with oxygen. This process was developed specifically for
the reduction of iron oxides but has also been used for the reduction of dif-~
ficultly reducible oxides. Fink and idantell have studied the application of
the "thermit” reastion to tin concenirates,

Essentially the reactidn is:
38002 + B AL = 3 3m + 2 Alp03 + heat,

¥hen the raduction 1s psrformed ueing metallic aluminum the oxide is
alumincthermicalily reduced and when the reductlon is performed with metallie
nagresium the oxide is magnesiothermically reduced.

A comparison of the thermedynamics of the iron oxide and the stannic
oxide reductions shows that the two reactiions have nearly the same order of
magnitude.

Sn + 0p s 5n0p + 141,300 calories.

2 Fe + 3/2 05 = Fop0q + 195,000 calories.

3 Sn0, + L A1l s 3sn+ 2 Alp0g + 361,000 calories.
2 Fep03 + 4 A1l =z 4 Fe + 2 Alp03 + 394,000 calories,

Samples I, III and VII were run in duplicate.

Portions of each sample were subjected to aluminethermal reduction and
also to magnesiothermal reduction.

(1) The aluminothermal reduction experiments were performed by preparing
a mixture composed of equal welights of sample and powdered aluminum., Each
mixture was placed in a crucible and a cartridge of magnesium powder was
placed in a depression in the mixture, The cartridge was kindled by a
small piece of magnesium ribbon.

(2) The magnesiothermel reactions were performed in the same manner as
the aluminothermal reactions except that the aluminum powder was replaced
by magnesium pewder,

Wach fusion mixture was treated in the manner described in Analytical

Procedare Noo 1 (49).

\

(123)

(193-a)

(126)
(1372)
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d. Results: The presence of tin was not detected in any of these tests, (198)

B, wuantitative chemical analyses

1.

Standard analytical procedures

The following procedures were investigated to determine the best analytical
procedure to use in the gquantitative chemical determination of tin.

a. vlerce-Low methodl25 (201)

This method has been appiied to nearly all grades and types of tin ores
and y¥ives excellent results when the procedures are closely followed. 4ppre-
claole ameunts of copper, molybdenum, vanadium, and oxidizing &gonts wmay cause
erroneous results, Spectrograpnic analysis of Juniper Ridge samples showed
that these interfering elements, when present, were in negligible quantities.
3olution of the tin is obtained by an alkaline-sodiuwm peroxide fusion. 1In
some instances the peroxide is replaced by carmon, Aifter allowing to cool the
fused samyle is put into solution by means of hydrochloric ncid, care being
tauken tc include all ol the fused material left in the fusion crucioble., The
solution ard any undissolved material 1s placed in an ZLrlenmeyer flask, the
acidity is adJusted, volume of solution is adjusted, a reducing agent is added,
and digestion carried on for a stated length of time. The reduced solution
is titrated with & standard solution of iodine using starch indicator., The
titration is carried on in a non-reducing atmosphere of carbon diexide, and
an indicator blank is run.

b, Eillebrand and Lundell methodl26 (202)

This method is very similar to the Plerce-Low methed except that a strean
of carbon dioxids is bubbled through the solution durlng the reduction and the
titration, and the reduction is carried out by means of test lead,

c. The cyanide methodd7,88 (203)

This method depends upon the reduction of tin oxide to the metal by the
action of potassium cyanide., The tin is obdtained In the fusion product in the
form of o metallic button which is then analyzed for content of tin using one
of the volumetric procedures,

Analytical procedure used (20k)

An iodine solution was prepared and standardized using arsenious oxide as
the primary standard and starch as the indicator. The tin titre of the iodine
solution was checked with standard solutions of tin prepared Dy dissolving a
weighed quantity of tin in hydrochloric acid and diluting to a definite volume in
a volumetric flask. Aliquot portions of this solution were used to check the
standardization of the iodine solution. The Hilleorand and Lundell modiflcation
of the Pierce~Low volumetric metnod was used to analyze the standard solutions of
tin.

a. (1) Two different samples of cassiterlte were analyzed by this procedure. (205)
Results of analysis: 78.0% tin and 76.1% tin.

(2) Duplicate samples of & mixture of sample I and Sn0, added in such
proportions that the mixture contained 1.00% Sn0z were analyzed by the
. above procedure. KResults of analysis 1.02% tin and 0,96% tin.

(3) Duplicate samples of Juniper Ridge rock samples I, 1I, III, IV, V,
VI, VII, VIII, and IX were analyzed by the above procedure,
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So Hesults of analysis:

Sample e 2
1 0.0085 3n 0.0007 Sn
11 (.C00% Sn 0.001% Sn
111 0.001% Sn 0,003% Sn
Iv 0.001% Sn _ ¢.001% Sn
v 0.,005% Sn 0.002% Sn
s 0,000% 3n 0.000% 3n
VIl 0,001 $n 0.003% Sn
73111 0.003% Sn 0.003% Sn
1K 0.003% Sa 0.002% Sn

(heck on cvanlde erossgdure

Shet-tin was thoeroughly wixed with pertions of Juniper iiidge rock which had
es 1, {1, and II
of ezch mixture wazs 20,00} added tin and thesg nixtures were analyzed by the cya-

veen sruund %o 100 mesh, Sampl

nide fusion method in the {oliowing manner, Ten grams of each mixturs were wuixed
witn 20 o

fusion and 1%s bottom was wovered with 2 gzrams of potassium cyanide. The mixture

of ootnssium cyanide. 4 swmall fireclay cerucible was used for the

of zotussium cyvanide and sawmple was placed an top of the potassium cyanide layer;
tae char:

e was coverec with 3 srass of poiassium ocyanide capping and the crucible
was covered. IThe crucidle containing the eharge was heated in an electiric muffle
to 9060° Gc and keph at that Sempervaiure fpy thirty minuies. ZIZach Dutton was re-
moved from the covied charge and analyz 8u;‘ﬁc volumetric prossdure as previously

described (205%). Results of anelysis: Sample I, 18.24% tin, sample i1, 18.2%

tin, and sample 111, 17.§8ﬁ tin. These represent 4in recowveries by this method
ol 91.%3, 91,09, and §9.!

ctively. Thege are not unsaticslfactory recoveries
tor nigh concentrations of this metal when assaysd by fire methods Such recovery

of 1.82% %0 1.78%. Therefore, a

applied to & 2,005 tin ore would give &
owmercial tin ore even of marginal grade would 08 determined witih setisfactory
acceuracy by thils msvhed,

'he cyanide fusion meihnoa of tin wnalysis applied te the samples of Juniper

i
aldge rock failled to reocover a umetallic butten from any of %ne fusgion melts.

. upectrochemical analysis

1.

Zxperiments pesrformed at the New York State College cf Ceramics, alfred, liew York

a. Two samples of Jun‘per ridge roeck were sent to the author at the New York
State College of Ceramics.’ ibne sample was unnumbered and consisted of pieces
of rock approximately 1/16" in size, the sample weighing approximately six
pounds. & representative portion of tihis sample was ground to 100 mesh size
and used for analysis. The cther sample was numbered K=29 (X) and consisted
of about two cunces of powder of 100 mesh size, The K=29 sample (X} was thor-
ougzhly mixed and divided into three equal parts. One part was held for analy-
sis and the two remaining parts vwere sent to two different spectrographic lab-

oratories for check analysis.

S The spectrographic laboratory at the New York State College of Ceramics
is equipped with a large Littrowe-model quartz spectrograph manufactured by the
Bausch and Lomb Optical Company,5 4 pro jection enlarger, a spectrum measuring
mauuifier,127 and a microscope with zn eyeplece with a fixed scale were used
to study the spectrograms, . photoelectric density-comparator was used to
measure spectrum line densities, & motor-generstor set was used to furnish
dec. veitage for the arc. "Spec-Puret nuneson graphite electrodes and Hilger
coppsr electrodes, lsboratory noc. 10,300 were used as electrcocdes for the d.c.

1 were used. The tin concentration

(297)

(208)
(209)
(210)
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arc. C,p. stannic oxide and c.,p. shot-tin were used to produce reference spece
trograms of tin., LEvery specirum was photographed in juxtaposition with. the
spectrum of pure iron. Hilger iron rods. laboratory né. 8038, were used to
furnish the iron spectrunm.

Dec. arc excitation was used and every sample was burned to completion,
Graphite electrodes of the following sizes were used: 5/16", 4/16", 3/16",
and 2/16". Three-sixteenth in. in diameter copper rods were also used as elec-
trodes. The specirum range from 2300A to 5000A was studied. <Lastman 33, East-
man Process and Eastman PanProcess plates were used depending upon the spec=
trum region under inwestigétioa. The wavelengths of the lines in the spectro-
arams were measured with reference to known iron lines in the spectrum of gure
iron and also with reference to known iror lines in the spectrograms under in-
vestigation thus taking advantags of an internal standard. Line measurements
were made on the projected image of the spectrograms and also by means of a
microscope with a calibreted eyeplece. Wavelength measurements were accurate
to 0.054, Zach of the above listed graphite electrodes were used to hold the
sample for each of the analytical methods used. Samples varied in size from
10 mg. to 100 mg. depending upon the size of the electrodes useds The sample
was held in the cup made in the end of an electrode. A special cutting tool
enables ocups of known depth, uniform wall thickness and flat-topped end to be
obtained. The upper electrode was pointed.

(1) aualitative spectrochemical analysia

Methods used to produce spesirac

1. Dee. arc using sample alone in lower carton which was made Bosi-
tive. @depeatad with (2) mixture of sample and graphite dust,ue’ 3
(o) mixture of sample and sodium carbonate,5 and (c¢) mixture of sample
and amwmonium nitrate.

2. Doc. arc sample in lower carbon which was made negative. Repeated
using mixtures listed in (213-a).

3. Catnode layer method72 using sample .alone. Repeatsd using mixtures
listed tn (213~a).

i, Fractionating electrodes38 using sample alone. Repeated using

mixtures listed in (213~a). The electrode holding the sample was made
positive in one series of tests and wvas made negative in another series
" of tests,

5. High streaming velocity arc3? using the sample alcne. Repeated
using mixtures listed in (Elé-a)n The slectrode holding the sample was
made positive in one series of tests and was made negatlve in another
series of tests,

6. Duplicate portions of unnumbered sample &and sample K=29 (X) were
analyzed using Hilger copper electrodes, laboratory no. 10,300, Arec
conditions were 110 volts « 5 amps., 3 mm. electrode gap, and sample
was burned to completion.

Zach procedure, where graphlte elecirodes were used, was carried out
under the following different arc conditions: (a) 110 volts <= 3 amps.,
(b) 110 volts = 6 amps., (c) 150 volts - 12 amps., (d) 3 mm. electrode gap,
a rotating sector was used between the arc and the slit of the spectro-
graph to avold excess background on the photogr&phic plate,

(213)

(213-a)
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The following spectrum lines were used for the identification and
estimation of tin:

23&5.8u75’u1

2429, 0/5,129,141,12
2546,55
2661.25
2706, 075,130,129,#1,69,12

28 9.98036,72,75,130,129,41,30,131,53,132,12,133

256 ‘,2h36,15,25,75,130,129,&1,30,29,131,53,132,12,133

9. 14 36,75,129,41,30,131,69,53,132,12

3069.147
815,41,12

3032.8
3034191 76772+75,129,41,30,131,69,53,152, 12
3125.01235:72,15.75,130,129,41,30,131,69,53,132,12,133
3262.32836’15’25’75’130’129’“1,30,131,53,132,12,133,29
615’75’130’129'“1’69’53’12

801.0

75,41,12

75,41,12

:

130,125,41,53,76,12

:

ool 2h136;1301129’u1:53,132,76:12

Tests were run independently by two different operators.

(a) Results of analysis

‘ The unnumbered sample and K«29 semple {X) were found to contain
approximately 0.001% of tin.

(2) auantitative spectrochemical analysis

A series of standard sumples were made using a basic compound com-
posed of 100 parts alumina and 25 parts anhydrous silicic acidlza as the
matrix and stonnic exide as the scurce of tin. The standards contained
the following concentrations of tin: ©5.0%, 3.0%, 1.0%, 0.5%, 0.1%, 0.05%,
06,015, 0,005%, 0.001%, and 0,0005%, The procedure used for the spectro=
grapnic analysis of enatel frits was used.127 One~one thousandth percent

of tin could be detected using the standards.

(a) Results of analysis

The unnumbered sample and sample K-29 (X) contained approximately
0.005% to 0.001% tin.

2. iZxperiments performed at the rortland office of the Oregon State Department of
Geology and Mineral Industries

a. Duplicate portions of samples I, II, I1I1I, IV, V, VI, VII, VIII, and IX

were used.

b, The spectrographic laboratory of the Oregon State Department of Geology
and Mineral Industries is equipped with a 3-meter grating spectrograph manu-
factured by Balird issoclates. A projection anlurger; a spectrum measuring
magnifier,127 and a binoccular microscope equipped with eyepiece scales were
used to study the spectrograms. A Gaertner microdensitometerlau was used to
measure spectrum line densities. A motor-generator set was used to furnish
dece vVoltage., ‘'Spec-Pure” Acheson Graphite electrodes were used for analysis,

(214)

(215)

(216)
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and Hilger iron rods, laboratory no., 9038, were used to furnish iron spectra.

C. Doco excitation was used and all samples were turned to completion. The (gzl)
spectrum range 21504 to 55004 was investigated. Eastman 33, Eastman Frocess,
and Eastman PanProcess plates were used depending upon the portion of the
spectrum under investigation. The came type of grarhite slectrodes and the
analytical procedures described undar (212) (213-e) (216).

d. 3esults of analysis: All of the Juniper Ridge rock samples analyzed showed (222)
the presence of slight traces of tin, rarging in concentrations of between
0.005% and 0.001%,

CONCLUSIONS =

Qualitative chemical procedures, whiech were found to glve positive tests with (223)
standard samples of Juniper Ridge rock to which metallic tin or compounds of tin
had been intentionally added, failed %o detect the presence of tin or its compounds
in the Juniper Hidge rock samples submitted for analysis. These tests show that
Juniper Ridge rock samples analyzed do not centain tin or tin compounds in concen-
trations as high as J.1j tin.

Quantitative chemical procedures, which had given satisfactory results when used (gz&)
to analyze standard samples of Juniper Ridge rock tc which metallie tin or compounds
of tin had peen intentionally added, failed to shew the presence of tin or tin come
pounds in the Juyniper Ridgse rock samples submitited fer analysis to be present in
concentrations greeter than 0.005%.

3pectrochemical analysis showed the concentration of tin or +in compounds in (225)
Juniper xidge rock samples submittsd for analysis %c be from 0.005% tc 0.001% tin.
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CHAFTER V

SUMMARY AND CONCLUSIONS

cassiterite and, to a very minor extent, stanuite are the tin-bsaring minerals
in all the 340-0dd properties which have in the past or are still producing conmmer-
cial tin throughout the world., These minerals were nsither seen nor found in Juni=-

per dildge samples.

None of the other fifty-six minerals listea vy various authorities, as contain-
ing tin as an essential or accessory constituent, was identified in Juniper Ridge
rocko .

rRecorded occurrences of tin througheut the world show them tc ooccur as deposits
either in or associlated with well-defined pegmatites, high-temperature or replace=~
ment veins and contact metamorphic deposiis, usually within or adjacent to granitoid
rocks, They alsoc ocecur in placers derived frem sueh deposits. This association with
granitic rocks or vein systems appears to be universal., At Juniper Ridge, there is
no granite rock nor is there any sign cf hydrothermal er metasomatic activity, always
associated with the above typgs of minsralization.

Qualitative chemical procedures which were found t¢ give poditive tests with
standard samples of Juniper Ridge rock to which metallic tin or compounds of tin had
been added lfailed te detect the presence of tin or its compounds in the Juniper Ridge
rock samples analyzed. These tests show that Juniper Aidge rock does not contain
tin or tin compounds in concentrations as high as 0.1% tin.

Guantitative chemical procedures which had given satisfactory results when used
to analyze standard samples of Juniper Ridge rock to which metallic tin cr cempounds
of tin had been added failed to show the presence of tin or tin compounds in Juniper
Ridge rock samples snalyzed in concentrations grester than .005% tin.

Spectrographic analysis showed the concentration cf tin in Juniper Ridge rock
samples analyzed to be from one thousandth to five thousandth of one percent (0.001%
to 0.005%) ting which generally conforms %o percentages of tin occurring in many
similar acid igneous rocks throughout the world. Commercial lode tin ore, as in the
Bolivian tin deposits, averages from one to three percent tin; in Ccrnwall, one to
three percent; and in Tasmania, two to three percent (Lindgren,28:657, 737, 74l).

(226)
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