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Samples of hand picked particles logged as talc at the rig and
under binocular microscope were sent for examination.

Objective . . .
: Samples were studied by binocular microscope.

Particles from hole 4054 (25'-30', 30'-35', 40'-45') are nearly identical,
pearly light greenish-grey, rounded, easily scratched with the fingernail,
greasy to the feel and obviously talc. Xray diffraction studies show 95-98%
tale. It is not immediately obvious from the few particles hand selected
why GEB values were so low (64-73). However, a number of the particles were
coated with yellow dust.

Particles from hole 4052 (130'-135', 145'-150', 155'-160') are irregular
white fragments that resemble caliche. They break fairly easily. Some can
be broken with the fingernail. The powder is not pearly or greasy like
talc. Xray diffraction studies show the hardest white material to be
cristobalite. The presence of chlorite and vermiculite in the assemblage
may result in a ground powder that looks and feels like talc. Not all of
the white particles were pure cristobalite. Some of the softest ones were
chalky mixtures of calcite, cristobalite, vermiculite and chlorite.

There are sufficient differences so that the two minerals should be
identifiable by the core loggers.

[ am adding some pages out of Dana's mineralogy that give a quick test for
Mgl.

The cristobalite sample was checked by S.E.M. to see if it is an Opal C-T
variety observed in the Tallahasse Creek rocks. The attached report shows

that it is not Opal C-T. The massive cristobalite occurs with Al rather
than Mg, and the photographs show some development of a clay wmineral. This
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Page 2
Beaverhead Ore

was identified as vermiculite by Xray but may be a montmorillonite
(beidellite}. Mg was not detected in the samples selected.
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CHEMICAL BEXAMINATION OF MINERALS 369

b17. 8alt of Phosphorus. — This Aux gives for the most part reactions
sitnilar to those obtained with borax. The only cases enumcrated here are
those which are distinet, and hence those where the flux is a good test.

With silicates this flux forms a glass in which the bases of the silicate are
dissolved, but the silica itsell is left insoluble. It appenrs as a skeleton readily
seen flonting about in the melted bead. -

The colors of the beads, and the metals to whose oxides these are due, are:

Color Substagce
Red..... veewne Chromium in O.F., hot — {fine green when coldy,
Green.......... Chromium in O.F. and LF., when cold — (red in O.F., hot}.
Mol 3gdmum in B.F, dirty green, hot; fine green, cold — (yéllow-green
in 010,

Tranium in BF, eold; vellow-green, hot,
Vanadium, chrome-green in B.F., cold — (brownish red, hot). InO.F,,
darle vellaw, hot, paler 6n cooling.
Yellow.........  Molybdenurn, yellowish green in Q.1 hot, paler 6n cooling =— {in R.F,,
dirty, green, hot; fine green, cold),
Uranium i O.F, hot; yellowish green, cold ~ (in R.F,, yellowish green,
hiot; green, cold),
. Venadium in O.F., dark yellow, hot, paler on eooling — {in R.F.,
: brownish red, hot; chrome-green, cold).
Violet.ooov oo Titanium (Ti0) in R, yellow, hat.  {Also in O, F,, yellow, hot: color-
less, colds)

CraracterisTic Rescrions or taE Iurortant ELeuMests axp or Sows
oF Taein Courovsns )

518. 'The following list contains the most charaeteristic reactions, chiefly
before the blowpipe and in some eases also in the wet way, of the different
elements and their oxides, It is desirnble for every student to gain familinrity
with themn by trial with ag many minerals as possible.  Many of them have
already been briefly mentioned in the preceding pages. Fora thoroughly full

. description of these and other eharacteristic tests (blowpipe and otherwise)

reference should be made to the volume by Brush and Penfield reforred to on
. 881,

? It is to be remembered that while the reaetion of a single substance may
be perfectly distinet if alone, the presenee of other substaneces miay more or
less entirely obseure these reactions; it is consequently obvious that in the
actual examination of minerals precautions have to be taken, and special
methods have to be devised, to overcome the difficulty arising from this eause.
These will be gathered from the “ pyrognostic ¢huracters ™ (Pyr.) given in
connection with the deseription of each species in Purt V of this work,

Alyminup. — The presence of uluminum in most Infusible ninerals, containing a con-
siderable amotint, may be detected by the blue color which.they nssume when, after being
heated, they are moistened with cebalt salution and agsin ianited (e, keanité, ateinlisite,
ete).  Very huad minerndy (a8 corundum) must be fast finely pulverized. The tost is not
conclugive with fusible wunerals gince n glasg colored blue by eobalt oxide may be formedd.
1tis to be noted that the infusible calumine fzine silicate] Alko nssumes a blug color when
treated with cobalt nitrafe,  From solutions aluminum will be precipitoted nsa flocculent
white or eolorless precipitute on the sddition of ammoniom hydroxide v exeess,

Anfiimony, — Avtitnonial minerals roasted on chareonl give dense white siorless Tumes:
metatlic antimony and it sulphur eonponnds give in the operi tube a white sublimote of
oxide st antimony (et 365 Antimony sulphide Sstibiitel, ko many sulphuntimonites,
give g strong heat in the elosed tabe o s:abgiumte of wntimeny oxvaulphide, black when
hot, brown-red when eold.  (iives edide test on plaster, nrange to red.  Sublimate disap-
prars When subjected toanmionia Tumies,  Neé also . 367,
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370 CHEMICAL MINERALOGY

dTn nitrie acid, compounds containing antimeny deposit white insolil
aeid.

Arsenie, — Arsenides, sulpharsenites, ete,, give off fumes when roasted on charems],
usually ensily- recognized by their peealior garlic odor.  In the open tulis they give a while,
velatile, ervstalline sublimute of arsonje tripxide.  In the closed tube arsenjo sulphide
gives asublimate dark brown-red when hot, and red or reddish yellow whes eold; arsenic
and some arsenides yield 1 black ta gray mirror of metallic arsenic in the closed tube, In
arsenates the arsenic ean be deteeted by the garlie odor viehled when 4 mixiure of the
powdered mineral with charconl dust and sodiumy carbonate is hented L E) on eharconl;
orsume mixture heated in closed tube will yight sublimate of metallic arsenic,

Bartwm. ~— A yellowish green eoloration of the Aameis given byall barium sals, except,
the silieates; an alkaline rexetion s usuntly obinined after intense ignition.

Yo solution the presence of harium is proved by the beavy white precipifate (BaB0Oy)
formed wpon the addition of dilite sulphuric aeid,

Bismuik, — On chareoal alone, or belfer with soda, bismuth gives very eharacteristio
orange-vellow sublimate; brittle globules of the reduced metal are alse obipined (with
soda).  Also when treated with 3 or 4 times the volume of a mixture in equal parts of
tassivm iodide and sulphur, and fused on charecosl, a benitifid red sublimate of bismuth
iodide is obtained; near the mineral the coating is yellow; on plaster the jodide sublimute
is chocolste-brown with underlying red.  Changes to orange-yellow ard red on BXPOSUrE
to armmonia Tumes,
oron. = Many compoinils containing horon (borates, also the silicates,
burite, ete.) tinge the flame intense ellowish green, especially if moistened with sulphurie
acic,  For some silicates (as tourmaﬁine) the best method is to mix the powdered mineral
with one part powdered fuorite and two parts potassium bisulphate. The mixtire e
moistened and placed on platinum wire, At the moment.of fusion the green color appears,
but lasts but.sin instant. :

A-dilute hydrochlorie neid soluticn cotitaining boron gives & reddish brown color ‘to
turmerie paper which has been moistened with it and then dried 2t 100°; the color changes
to blaek when ammonia is poured on the papar,

Caleiwm. — Many caleium minerals {carbonates, sulphates, efe) giveawalkaline reaction
on turmerie paper after being ignited. A yellowish red color is given to the fume by some

c:dm;}ouuds {2.g., caleite after melstening with HCY; the strontivm o is o much deeper
¥

e metantimonice

atolite, dan-

In-weskly acid or alkaline solutions ealeinm §s precipitated as oxalate by the addition of
smmonium oxalate.  Calelum sulphate is precipitated in coneentrated solutions only on
addition of sulphurie acid,
adminm. — On eharcoal with soda, componnds of eadmium
limate of the reddish brawn oxide; on plasier the eoating
Carbouales, — All earbonates effervesce with dilue hyd
less gns CO, (o, caleite); many require to be pulverize
heat {dolamite, siderite). Carbonates of lead should |
Clilorides, = If ‘a small partion of o mineral containing ehlorine {1 chloride, nlso pyro-
morphite, ¢te.} Is added to the Lesd of satb-of phosphorus, saburated with copper axide, the
bead when heated is instantly surronnded with an intense purplish flame of copper ¢hilovide;
n solution chlorine gives with sibver nitrute o white eurdy precipitate of silver cliloride

which darkens in color on exposure to thip light; it is insoluble in nitrie achd, but entively
goluble in armenia,

Chromiiom. ~— Chrominm gives with borax a Liead which (OUT.) is vellow to rad {hat) and
yellowish green (cold) and R.F, o fine emerald-green. With salt of phosphorus in (11,
the bead is dirty green (hot) and clear green (eoldd; in IGE. the same,  Cf vanadiym

yond (alsa pp. 368, 360), )

C’quit. ~ A beautiful blue hoad 5 obtained with borax in both flames from minerals
contnining cobalt, Where sulpbur op greenic s present the mineral should first Le thip-
pughly ousted . on ehareoal, .

ey, ~ Qn ehareonl, at least wiry soda, metallic copper ean be reduced from mnst. of

s eorinonm s, In the case of sulphides the powdersed minerd showld be rossted first i
a_rder to ehiminate the major part of (ha sithphur befare fusion with smla, Wit borny it
Bives t0L T sy groen bead when fmtt %anning fa!z;(;« when c{){d; s [Ala}“l".}, if h‘»‘i?{i{‘:"&ei, iz
epaqueted beiid sontaiming Ll b alten Cu dsobitainad.  Copper chlorile; abfained ty
mgstening the mineral with hydhmiehlorie agied lin the case of suphides the tnernt shioglid
previonsly ragsted) yickds 8 vivig dzure-blig famo; copper oxide mives 4 fEeen flane,

Blost mitle compatnds wre soliihle in mitrie acid,  AmdOouia in execss Prodiyees 6o

intense blus eufor in the sulution.
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CHEMICAL EXAMINATION OF MINERALS 371

Fluprine. = asted in the elosed tube with petasstum hisulphate dnd powderel glass

uble metantimonic roditees a white snblimate of 8iCh.,  “Ulis sublimate snd the hvdroflunsilicie acid present

srr s volatile combination,  But if the lower end of the tube'is broken off nzid theopen tube
asted on charcoal, then dipped in a test tube of water so that the acid is removed, Lhe deposit of BiCy which
»they give a white, . will appear when the tube iy dried will be found to be no longer volatile.

Heated gently in o platinura erueible swith -sulphurie acid, many compounds (e.q,
fluorite) give off hvdrofluorie acid, whichi eorrodes the exposed purls of aoglass plate pla
over it which has been conted with wax and then seratehed.

Trom. — Minerals which contain even o small amount of iron yield & megnetic mass
wher heated in the redueing fame.  With borax fron gives a bead (0.00) which is yellow
o brownish red (neeording o quantity) while hot, but is colorless to yellow on cooling;
R.F. becomes bottle-green {sec . 368). Ferrie iron js procipitated from solution by

& arsenic sulphide
when cold; arsenic
wclosed tube. In
¢ o mixture of the
LT} on charcoal;
senie.

arium salts, except

on. 5 the addition of wmmonium hyvdroxide in excess as red-brown ferrie hydroxile FelOHb.
recipitate (BaSO,) . Ferrie iron in hydroehloric apid solution gives deep blue precipitate when potassivm ferro-
o g evanide iz added; o similar test is obtained for ferrous iron by the addition of potassium
wery characteristie ferricyanide.
isa ebiained (with . Zoad. — With soda on chareeal a mallenble globule of metallic lead iz obtained from lead
: in equal parts of compounds; the coating has a yellow eolor near the assay; the sulphide gives also o white
olimate of bismuth B goating (PLS0,) fartheroff (p.366). On heing touched with the recireing fame the coating .

w jodide sublimate

disappears, tingeing the flame nzure-blue,  On plaster, lead iodide conting i3 chrome-yellow.
ul red on exposure

T solutions dilute sulphurie acid gives a white preecipitste of lead sulphuate; when
delicacy is required an excess of the acid is added, the solution evaporated to dritess, and
water added; the lead sulphate, if présent, will then be left as o resitiue:

Lithipm, = Lithium pives an intense eormine-red to the outer flame, the color somewhat
resembling that of the strontium flame but deeper; n very small quantitics it is-evident in
the spectroscope.

ﬂl’agnﬁsium. — Maistened, after heating, with cobalt nitrate and again ignited, 2 pink
eolor is obtained from some infusible compounds of magnesium (e.g brucite). In solution
the sddition of mmmonium hydroxide in Jarge excess and a little hydrogen sodium phosphate

roduces o white granular précipitate of WHMgPOy,  Elements precipi tated by ammonium
vdroxide or ammonivm oxalate should be remoyed first,

Manganese. — With borax manganese gives a bead violet-red (0.1}, and eolorless (LED.
With soda (0:.T.) it gives o bluish green bead; this reaction is very delicate and may be
relied upon, even in presence of almost any other metal.

Mereury, — In the closed tubs a sublimate of metallic merpury is vielded when the
srinetal is heated with dry sodinm carbosate. In the open tube the sulphide gives a mirror
of metaﬂicimerﬁur ¢s in the elosed tubea Black lusterless sublimate of Hgs, red when rubbed,
is ohtained.

M obsdenum, — On chareoal molybdenum sulphide gives near the asssy a copperred
gtain (O.F.), and beyond o white coitting of the-oxide; the fermer becomes azure-blue when
for o moment toushed with the B.Y.  Theiodide continz on plaster is deep ultramarine blue,
"The salf of phosphorus bead (0.8 ) is vellowizh green (hot) and nearly colorless (cold}; also
{HL.F.) 5 fine green. Molyhdates are tested by putting powdered mineral in dry test tubs
with small serap of paper, udding o few drops of water and an equal amount of concentrated
sulphuric aeid.  Heat until seid fumes. Cool or add slowly drops-of water and solution
will assume deep blue eolor,

Nistol, — With borux, nickel oxide gives a liead which (0.10) is violet when hot and red=
hrown on eooling; (101 the glass boeomes gray and turbid from the separntion of wetallic
niekel. A soliution of nickel heeornes pale blue fef. copper) on the adklition of ammionia in
exoess, 11 an alcoholic solution of dimethylglyoxine is added to an ammeniacal zolution
s searlot precipitate is formed. ‘

Nisbiwn (Columbium). == An aeid solution boiled with mwetallio tin gives o blue eolor
which sliwly changes to brown on continued boiling and disappears.on dilution.  The reac-
tions with the Duxes are nob very sakisfudtory,

WNitrates, — These detonate when heated on charcoal.  Teated fnoa tubowith sulphuric
aeid thew give off red fumes of nitrogen dioxitde (NOE

Phogpharis, ~ Most phosphates impart o green éolorto the flame, espeeially aftor having
heen moivioned with sulphurie acid, though this test may be rendered unsutisfnctory by
the prosence of other eoloring agents. Y thiey are fused in the closed tube sith a fragment
af metallic magnesinm or sodhon, snd afterward noistened with water, plesphureted
hydrogen s given off; recopnizable by ity disagreeable ador

& Tew drops of aonitrie aeith selution, eontaining phosphorie ackd, produce in a sl
tion of swununium molybdate & pilvernlent vellow precipitife of aramonium phgspho=
molybidide.
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CHEMICAL MINERALOGY

Potassitim, = Potash imparts & violet color to the fame when alone. The flame is best Zing, O
observed through a blue glass filter which will eliminate the sedinm fame color which will ellow while b
slmost invariably be present. It is best detected in small quantities, or when soda or lithia eated become
is present, by the aid of the speciroscope.  See also p. 364 when heated &

Belenium. — On charcoal selepium fuses easily; giving off brown fumes with a peculiar Sirconium, -

disagreeable organie odor; the sublimate on charcoal is volatile, and when heated (R.F)
¢ gives'a fine azure-blue Bame.  Oun plaster gives red to erimson volatile sublimate with chir-
acteristic odor.
Silicon. A small fragment of a stlicate in thesalt of phosphorus bead lesves a skeleton
of siliea, the boses being dissolved,
Blost silicates are insoluble in acids. The fine powder of such a silicate i fused with
godium carbonate and the mass then dissolved in hydrochloric acid and evaporated to dry-

A i ol i

general head

pess, the silica separates a5 a gelatinous mass and on evaporation to dryness Is made insol- d d

ubile. When strong hydroebloric acid and then water is added to the dry residue in the test EPCnE mog

tube, the bases are dissolved and the silien left behind. cal character
Many silicates are directly soluble in hydrochloric acid, and the solution on evaporation There is

will vield the characteristic silica jelly, Other silicates when treated with acid are decom-
posed, the broses present zoing inte solution, but the silice separating and remaining sus-
pended in the Hguid. There are gradations between these three groups.

mineral may
complete set

Selver, == On chareonl in O.F, silver gives 5 brown coating. A glehbule of metallic silver han;l iy vefer
mayv generally be obtained by heating on charconl in R.F., especially if soda iz added. vntil ab last ¢
Under some circumstances it is desiruble to huve recourse to cupellation, iven is be

: 1t : : ne given yi

From a solution containing any salt of silver, the inseluble chloride is ‘throvwn down A caveful

when hydrochlorie acid isadded, This previpitite is insoluble in acit or water, but entirely
soin ammonia. I8 changes color on exposiize to the light.
Strontium, — Compounds of strontiurn are usually recognized by the fine erimsoni-red

ever, always
tion will eftc

which they give to the blowpipe flame; many yield an alkaline reaction after ignition i 1d not
{of. barium). In concentrated and slightly diluted solutions strontium sulphate will be lt-iiggﬁe app
precipitated on the addition of sulphurie seid {ef. ealcivm and barium]. Wil %

Sodiwm, — Compounds containing sodium give a strong and persistent yellow flame. The stud:

onee ohvious
fure, cleavage
not too smal
gravity. Th
if erystals m
distinguishin
generally ver
tance only W
talline form
careful study

Bome éompounds will give an alkaline resetion aiter ignition:

Sulphur, Sulphides, Sulphates. — In the closed tube some sulphides give off sulphur; n
the open tube they vield sulphur dioxide, which has a- characteristic odor and reddens a
sirip of moistened litmus paper. In small gquantities, or in sulphates, sulphur is DBest
deteeted by fusion on charcoal with soda and chareoal dust.  The fused mass, when sodium
sulphide has thus been formed, is ploced on 2 ¢lean silver coln and moistened; a distinet
Black st.?in on the silver-is thus obtuined (the precaution mentioned on p. 367 must be
exercised).
£ A solution of a sulphate in hydrochlorie acid gives with barium chloride a white insoluble
: precipitate of barium sulphate.

Tefturiwm. — Tellurides hented in fhe open tube give o white or grayish sublimate,
fusible to colorless drops (p. 3655, On charzoal they give o white conting and color the

R.F.green. On plaster they give o dark Lrown volatile sublimate, A smull amount dis- The first

solved. in warm econcentrated sulphuric acid yields a deep red solution. The eolor will Let-k

disagp‘car if aeid ix heated too hot or'if on cooling, water is addel the pockets
in. — Minerals containing tin (e.0., cassiterite), when heated on chareonl with soda or should be th

potassium eyanide, yield metadlin tin in midute globules and n white and difficultly volatile
okide conting is formed; the globules are mallenble, but harder than @iver. Dissolvediin
nitrie scid, white insoluble stannic oside sepurntes out.

Titaninm. — Titanium gives in the 1L, with sult of phesphorus a bead which is violet
when colil, Fuged with sodiun exrhonante and diﬁs(l‘h'["d i hydrechlovie aeid, ond
heated with'a piece of mekillie Un, the liquid takes o violet color, espreially witer partial
gvaporation. A yellow to amber golos vesiilts when hydeogen peraxicde is added 1o 8 sul=
phuric ucidsalution.

Fungsten.— Tungsten oxide gives o bine eolor to the salt of phospliorus bend (LI,
Fused and treated as titanium (sce shoved with the addition of zine insteaud of tn givesa
fine blue color.  Thecolor changes to Lrown on eontinned reduction. The eolor does not
disappear when the solution is dilite ] e, nioliumd, )

« Urenium, — Uraniwn eompoinds give to-thesalt of phosphorus bead (0.1 o greenish
“yellow bead when eooly also (QLEF badine green on ecoling {p. 3690

Vemadiren. — With borax (O vupaidites give s head yellow (hot) changing fo yellow-
ish greencand nearly eolorliss ool wlso (IUED) divte geeen (hotd, ine green teoldy,” With
galt of phosphorms (0. @ yellow o amber colur {thus diffening from chrominu]; also

(HLI) fime griin (eold ).
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CHEMICAL EXAMINATION OF MINERALS 373

Zine.— On charcoal in the reducing flame compounds of zine give a coutinig which is
‘ellow while hot and white on eocling, and moistened by the wobalt solution and agdin
lvzumted becomes a fine green,  Note, however, that the zine silicate fealimine) hecomes blue
when hested after moistening with cobalt solution.
Zircongum, — A dilute hydrochlorie acid solution, containing zirconium, fmparts an
orange-yeliow color {0 turmeric paper, moistened by the solution.

Derersuxarive Mixenasooy

613. Determinative Mineralogy may be properly eonsidered under the
general head of Chemical Mineralogy, since the determination of minerals
depends mostly upon chemienl tests.  But crystallographie and all the physi-
cal charaeters have also to be carefully observed.

There is but one exhaustive way in which the identity of an unknown
mineral may in all cases be fived beyond question, and that is by the use of a
complete set of deferminative tables. By means of such tables the 'mineral in
hand is referred successively from a general group into a more speeial one,
until at last all other species have been eliminated, and the identity of the one
given is beyond doubt,

A careful preliminary examination of the unknown mineral should, how-
ever, always be made before final recourse is had to the tables, This examina-
tion will often suffice to show what the mineral in hand is, and insany case
it should not be omitted, since it is only in this way that a practieal familiarity
with the appearance and characters of minerals can be gained.

The student will naturally tnke note first of those characters which are at
once obvious to the senses, that is: erystalline form, if distinet; general struc-
ture, cleavage, fracture, lusier, color (and streak), feel; also, if the specimen is
not too small, the apparent weight will suggest something as to the specific
gravity. The characters named are of very unequal importance. Structure,
if erystals are not present, and fracture are generally unessential except in
distinguishing varieties; color and luster are essential with metallie, but
generally very unimportant with nonmetallic minerals. Streek is of impor-
tance only with colored minerals and those of metallic luster (p. 271), Crys-
talline form and cleavage are of the highest importance, but may require
careful study.

The first trial should be the determination of the hardness {for which end
the pocket-knife is often sufficient in experienced hands). The second trial
should be the determination of the specific gravity. Treatment of the pow=
dered mineral with acids may come next; by this means (see pp.368; 3607 a
carbonate is readily identified, and also other results obtained. Then should
follow blowpipe trials, to ascertain the fusibility; the color given to the flame,
if any; the character of the sublimate given off in the tubes and on chareonl;
the metal reduced on the latter; the reactions with the fluzes, and other points
as explained in the preseding pages,

How much the observer learns in the above way, in regard to the natire
of his mincral, depends upon his knowledge of the characters of minerals in
generul, and upon his familiarity with the chemieal behavior of the various
elementary substances with reagents and before the blowpipe (pp. 339 to 369).
If the results of such a preliminary examination are sufficiently definite to
sugzest that the mineral in boud 5 oneof 2 smnll munber 6f species, referonca
may be made to their full deseription In Part 'V of this work for the fingl
decision,
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