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Subtocl
Samp'l es of hand picked partic'les logged as talc at the rig and
under binocular microscope were sent for examination.

Obteclrve' 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 g5-g\%
talc. It is rrot 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 easi1y. Some can
be broken with the fingernail. The powder is not pearly or greasy liketalc. Xray diffraction studies show the hardest white material to be
cri stobal i te. The presence of chl ori te and vermi cul i te i n the assembl age
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, cristobal ite, vermicul ite and chlorite.

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

I am adding sorne pages out of Dana's mineralogy that give a quick test for
Mgo.

The cristobalite sample was checked by S.E.i'I. to see if jt is an 0pa1 C-T
variety observed in the Tallahasse creek rocks. The attached report shows
that it is not 0pa1 c-T. The massive cristobalite occurs with Al rather
than l'lg, and the photographs show some developrnent of a clay mineral. This
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Page 2
Beaverhead Ore

was identjfied as vermiculite by Xray but may be a montmorilIonite
(beidellite). Mg was not detected in the samples selected.
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CHE]TICAL EXA.IIINATION OF trIINERALS 369

- 617. Salt of Phosphorus. - This flux givcs for thc most plrt rcactions
simillr to thosc obtainsl rvith borex. l'hc only cases cnunreiatcd here arc
those-t'hich arc distinct, and hence those t'herc ihc flux is a good test.

\\tith sr&:cales this flux forms a glcss in rvhich the bascs oT the silicate are
dissolved,_ but the silicc itself is left insoluble. It appears as a skeleton readily
seen flocting about in the melted bead.

The colors of the beads, and the metals to rvhose oxidcs tbese are due, are:
Color Substance

Bed- . . . . ...... Chromium in O.F., hot- (6ne green rr.hen cold),
Green. . ...... .. Chromium in O.F.'aud R.F., rvhin cold - (red in O.F., hot).

I\Ioll.lxlenum in ll.l-,, dirty gireen, hotl fine green, cold - g6llow-green
in O.f.).

Ursnium in R.F., cold: vellon-creen. hot.
Vanadium, chmme-grein in R.F-..cold - (brorurish red, hot). In O.F.,

qilrK ve[on'. Dot. D&ler on coohns.
Yellow........, I\Io\.bdenum,'1'ell6iish green i" q."!1., hot, paler on cooling - (ia R.F.,' drny, green. hot: hne sreen. cold).

. Uraniuin-in O.F., hot; yeiionisL green, cold- (in R.F.,1-ellonish green,
hot; green, cold).

. Vsnadiu:m id O.F., dark yellon, hot, -paler on cooling - (in R.F.,
brourrish red, bot: chrome.sreen. cold).

Violet. . . . . . . . . . Tilanium.Qio,) in fi.n., yellor;, hod. (ejso in O.F., yenorr., hotl mlor-
Iess, cold.)

Ca.rnectonrsrrc REAcrroNS oF THE flrronreNr Er,rlrnNrs aliD oF Sotrp
oF THErR Coupouxos

. -618.. The following list contains the most chcmcteristic reactions, chiefly
before the blorvpipe ald in some cases also in the rvet way, of the <lifiereni
elemcnts &nd their oxides. It is desirable-for every student ii gain famililrity
with thcrn by trial with as mcny minertls ns possible. l\{an} of them hav6
alrccdy becn bricfly mentioned in the precedinq plqes. For a-thorouehlv full

. dcscription of thcse and other characleristic tcitJ(blo*'pipe end ot[erivise)
leference should be rnade to the volumc by Brush and Pehdeld referred to on
p. 361.

It is to be remcmbered that n'hile the reoction of a sinqle substcnce m:r.v
bc pcrfcctly distinct if alone, the presence of other substeices mny more o;
less entircly obscurc thcsc rerctions; it is conscquently obvious that, in thc
acturl ex:rmin{rtion of minor.lls prccautions }nre to bc tekcn, and special
methods havc to bc <levisctl, to or.-crcorne the difficully erising frdm this cnuse.
'l'hcse rvill bc gatlcrcd fronr thc " pyrognostic chlnrctcrs " (Pyr.) given in
connection with the description of each species in Plrl V of this rvor[.

Aluminum. - The ltresence of rrlrrrrinrrrn in most infrrsil'lc nrincr:rls, contsinilq :r con-
aideml)lc amortnt, rn:ly lrc dctcrtcrl lr-r' tlrc blrre color trhi,'h they trssurne when, trttcr Ininr
hurtcd, thcy arc Irtoi"stcned with colrllt solution rrrtl ngrtin igrritrrl (c.g., kymite, 1nr[rlrrsite.
eta.). I'ery hlrrl mittcritls (rts crtrtttt,hrrl) rnust bc first {irclr' pulgcrizetl. TIrr: lcst is rroI
conchtsive nith fusilrle rrrincrirls sincc:r gl;r$s colorc(l I'lrrr' lrr:cbl,llt oxide m11'lre forme,l.It is Lo l)e notctl thlt thc infusil'le crrlrrrriirre (zinc silicrrtc) ,il*., ,r""rrnres a blul coloi rilren
treated rvith colr:rlt rritr:rte. I"ront sohrtiorrs llrrrrrinrrrrr rrill lrc grrccipitltcrI lrs a llocculcnt*hite or co|rrlcss lln\.ipitirtc on thc rri'lii iln of lrnntorrirrrn lr v,l'r.,,-rir le in ercnis.

A_tulinon!1. 
- Antirrrrrnirrl mirrcruls rolster-l orr ch:rrcorrl gir.6 derrse rvhitc othrrlcss funres:m"trtllir' antitnony .rnd its srrlphttr cont[,r1n,ls qite in tlrr rrlrerr trrlrc a rvhilc sulrlinurte ofoxnlc trt itlrtirnon]' (s(.c l). :l{i.-r,. .\ntitrtorrl srrlpIi,L' (slil'rrire). ulso tnlny srrll,ltrrltillorrites.

glve rn r. ahong hcrt jtt rlrc |Lrscd trrlx' :r sublinrrte of rrrltir otrr. orr.sulphi,lo, blrrck rrhcnlr(rl' l,rr)tlT-rc{l rvhcn coll. I iivrx.iqlirL. t('st on l)Lrstor., ,rrangCto r-ed. sublimate rliqap.
lftrr$ rvlrcn subje.cted to:rnrrrronirr futrrcs. See aljo p. llri;.
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CIIEIIIC.IL I1INERrtLOCy

acid, comporrnds containing ..ntimony tleposit rvhite insolrrLlc n)et:rntimonic

vr,J,ti$lt#,:{tri;i;,*i"*roiffii[*,iil:,:.',iiii$';l]:r,,i:JinJ_",1;l,ilr;;l;
gi,'"" riurrini*i;a;i.'ffiii#."T.,iii{i:!lgi:i.'-xi,i* ll.:ln'll;;!:;l'""1*rln:il,t*iljand some:rrsenides lickl r. br:rck to spr n'i...i J^"1,,iti" '*'.""n," 

rn thc crosed trrrc. Inan€nat€s the {rrscnic srn be detcctJl 6l; tt,lil"-ifi"'"ao."".
rqi!1"tlq1,ii*, 

;, ii*:tltuiit*i ;ffi ir*liliii xiilrly;'lf :ffiiiL;
,, banurn. _ A yellorvish green cotoration"oi'il,;"n";;;;"';ir;
thesiri_cates.; t" Jtiriri" iiriliion is usurrly ,bi;i";J';ft;r'i;i."k:]' *ll b:rrium salts, e.xcepr

t -i:d1'$lh:]f.il",'jl""? li,3l"11tfi,i;.;;rX u; til;i'"iiiy-.iriii"'ii"iipitate (Baso.)

:i1"..*i,:'?,.*y,l,*i,:',":#tii:;_F_ffi!!'it".Si1"l[T:Li'l:::,:;";,",1H:1LT,,,f6odr). Also rrhen treatixl nipo,nisiun.i;did;;;i;i;i";:T.,.iii"jl!ifr{*J:,""t".";l,,i,T:li:1"",*",:*T,*.";
iodide is obtoined; ne:L.r ihe.ririnerr,l the co:rtin! is l.illr;.;-;;,
*:HT.*ilJil[. *iii, iii,ai,irying rerr. chaiges"to;;jd;.-iJi[li"#'f l.Jj',1"".:1,*l$l;
- Boroz. - Jlany compounrls_containing. boron (borstes, nlso.-the silicrtes, datolite, dln_bu-nte' etc') tinge the flame intense I'eloriisrr g.;d, o;;i.;ii"'tr morsrene(r with srrrnhuricacrd. .rbr some silicates (as tourma-line) th" f,eJ';eTi;j;,iwith.one.part p"".iu,"d fi"iii::lg- tivo.p*ts ;.,;;;i"; ",1,"T,,ii,:i3..i,,,u;.*ll$ll
ffJjlltrillt"f"tr"*ou plaiinum *i'e. et'ir'etiii'?#'6i'iu!,oo the sreen coror apperrs,

, A di.lute hydrocNoric acid solution cont3ining boron civerturmeric paper which has been
ro 

'ac* \vhen 
'm"."n,o,. *,.ff';l;i#;;;["il1"fii'"# 5ffi i iiilli"t,,!'"]]':i'.ru:

v.trc.um. - !\r^ny calcium rnin€_rals (caibb,nates, srrlphates, etc,) gir-e rn rlk:rlinc rerctionon rurmenc paper after beinc ignited.. e 1.eitorl:;"1i lfii';ol#,ii g,.,r"n ro the flrme b).somc;:fl*** (e'9', carcite aftei mioistening 
":itti 

ttcij; ti-,,Ji'rillrii,,,,., ,*'nu rs:r muc'dcelnr
In rreakly acid or arkarine sorutions carcium is preciJritatcd m o-vrrrte by.the lrltrition ofiiil?J,lX?"",lilli|:t f,*'" sullthate is i'i"iiiiiiiJ'iliti'"ienrr'rerr sorur.ions onry on

_ uadmi\m.-On chlreoal "ljl .9gl,""lpgrrncls of crdrnirrm give l.chlr:rcteristic sub- -,.llg gf the rcddish bmwn oxirJe;-on pl,r"t"i tfr" "."ti"rlJ.ri"l, carbonatcs._Axa;;il;;;;efrer,,icc,,iti,Ja-u;;-ilririi,irii,iiii,l"l.ij,i.il,i,,lll,ffi;"-
ress. g:rs Co1..(e.9..cetcite) ; many requ i r-c. to 

-t; 
ili;;.i;",i:;;lihe"t, rdolomlte,iii"iiioj. " c'"i'rrr"",cs ol rcr(r shorrltl rrc r*t".r ,,Tiitiii,li""'l 

the.:Ldttitiol of

{5,i',i'"tri';ifi"ilir"",Ttll mill,ii,."n'tt,liiUi*ll:liiliiuc r,, .iir,,.i,in, rrso.psro
Deud N hen heated is instantlv srr

-,.rn sorrrrion "nro.i'egi""J,iilr:i'illi,llffi#ii:J:;HTi,,,,iltJlillif:lilfillilll;:,X:Sl[li"t'i'l;;ltcoror 6n 
"i1io"u.c t'irii,'r!iit;* i;'i!'],illiiiiri'ii,"iil';i:",,:ii"ilil :1llilir,;

,*1!ii:'3f #;,-r3LfTlffn;,s:."jtlt bornx a lxnd rvhich (o.F.),is sotrrnv ro rc<t (hot) r!4
ff_itfil.1#iknt"iil)';;,iiiLi,."i?$l'i#:i,i' ,,1'illl,.{;i,,"."'.1[:" i.,i:;i"""1"1.,iii

:::ffi:il,,f't+'ii,,l,lii,li:,1"u# fl*llll.,Ilri:1"',f.1,:,1Jil:l,Xt,l,,",irrii:l ii,llill:otlgbtj' r():lste(l trn charco:rl.
., LofDcr'-On charcoll. tt lo:rst ,,.:rr" ^^-r^ *-,

;t,:ryi,1*;,ii;ij#'iilrl# jfi 
,,frilJiil{,il,T;;1 jxi:[]i:*ilL'r*Tr,l

nw((l.r;,.,,,.'"on trca<l ivhnir ti,lt. r,*'^l,,iijijj'iiil,j:lljll: 111ii,1'..\'1'ltt 
sotr:t. ..1\'irh lror:rx it

op:v1re rerl r".,ii 
""'.iiil'i,,.'t:,i.,i'i'L:.'i*?,tt,i",1 

l,lrtc rrihen coidl^rl
nr<,isieninK rr,,:;r;;;'r;i'ii.'i';i,'rrlii.,:ii:i;;ii",l"*,iLliili:,,::rifiljllii;;liil':;lilllll"irillr.,c l,rcvil)u'h r,);Lste(lt ).icl(ls ,i !.tri,i',,1',il^.|.,iil" li: j.i':. .l::..-"1-":i1l 

'r 
| | t lcs tlro rrrirrr,r':,1 shorrlil

,,"1*{,ulllltii:'j}uh.,ill,.J?;il?,lii,ilt'fi.r1.,]{il,,l;',i,5 nl.::"lsti;l,iifi$:",

I
t
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CIIEUTC.C,L EXATTTNATION OF I\TINERALS 37L

Flrrorfne. - rrcrtcrl in thc closcd tul)c rrith potassium hisrrlphrtc tnd. powdcrcd ghss

nroduces I white srrlrliln:rtc of Si0r. 'l'his suhlinratc an(l the trl'(lmlltl"slllcrc a-cl(l pr€senE

lornt :r volatile combinrrtion. But i[ thc lortcr cnd of the tubc is ltro]ien.otl 3nd the Opcn tuDe

i[". aint*a in " 
test tulr of $'.ter so thrt the lcid is rcmovcd, the dcl)osit of SiOz ntuch

;ii r;-;Arsircn th; tube b dric<l nill bc found to be no longmroletile'"" f5iili i.iiii" 
-l-" -i-i'ttti..,m 

"iocible 
with sulphuric rrcid, mlnv compounds .(e'9''

fluorite) sivi off hvrlrofluirric acid, rvhich mrrodcs the exPo-sed parts ot & gluss plat€ plrce0
over it s:hich hm'bcen cortcrl \Iith \-rx and then scr:rtche(|. --'-i.J". 

- \f i*o6 "'tti"ti 
conkrin even a sm{tll amount of imn-f ield a magnetic m€ss

wt 
"n 

t e"ted in ihe reducing flrnre. \fith borax iron giv-es I.bercl (O.1".),which is ye,llow

to bmnnish red (rccording to qurntity) shile hot' but is colorlesq lo.Yeuol ol glt$i
R.F. bcrcomes bottlc'green (sec p- 30S)' Ferric iron is. prcciprtate(t trcm a solullon -oy
;il ;eiili;;*"i:.i"-i,3.i*',it 'trvai"title in cxcess rs red-brorvn ferric lydroxide.Fc(OH)s.
F"rri" i.on in hvtlrochloric rcid solution gives deep blue precipifittc when ltot!-sslum lerro'
cyanide is addeil; a similu t€st is obhrined for ferrous imn by the &ddrtlon ol potesslun
fenicvanide.'""iHj.^l'fVitf, soda on chrrco:rl a m:rllcrble globule of metellic lerd is obtained from lead
co,ofr-,il,;s: ii;;ilt";G " vellow color ner"r the. osso)';. the sulphide gives also a vhite
#Iiifr'" ii;iiSO,i t".*in"liiiJpliool. On being touched nith tne redrtcing-flame tbe coating
dil';A&:;*il tit" riiiti6 "]ti!-t 

tu-d' 
- -o"-pl 

""t".' 
iead iodide co-rtin[ is chromevellow-'

Il solutions dilute sulfrhuric acid gives & $.hite precipltste ol lead.sulpna.[e; n-oen

delicrcV iS reqtrirerl an exciss of the acid is adtled, the solutron evlporateU to orjrDess' an(r

wat€r idded:-the lc-rd sttlphrte, if present, \Yill then be lelt ffl a' resldue'"-;fi;;;:'- i;tiil'- ;ii;;; iniense ce'rminered to the outer. flane' the color somcs'hrt
,oeil|iing ittot ot tLe stiontium flame but deepcrl in very small qurntil.ics it i8 evident i-n

tbe sD€ctroscope.*";i;;;;;;-- 
I\Ioistene4, after heating, rrith cobdt nitrate -and,ag:rin igniied' a pink

color iiobtained from somc infrrsible compounds of mc_gngslJnq (e.9. brucrte). In solutron

the arldition of ammonium hydroside in ltrge ericess and lr hltle hl'drogen so(uxm pnospnale

ir"au""i r 
"'hitu 

g*nrrlar pricipitaleof -|.t[]lgPOr. ^Elements 
precipitated by cmmourum

["ato*ia" or aniionium 6xrlate should be removed first'-'*Ii;-;;;;;.-- rvitt uo"t* *""gineie gives r berd violet-red (O'I'),11d colorless (R'F )'
With soir (O.F.) it, givcs a bluish grcen bead,; rhis reoction is very delrcate &nd may be

relied urpn, even in presence ol llmosl irnY otner me[lr''" il;:;;].-- i ilie closed tube a sublmate of- metrllic mercury is.lielded s'hen. the
rrinerai is fierted with dry sotlium carbonate. - 

ln the ope+ txbe the sulphide gives :r mirror
of metallic mercury; in the closed tubc a blrcK lusterless suotru]:rte oI ngD' reo wnen ruoDeq'

is obtained.
Illolulrlenurn, - 

i-Jn ch&rcoar molybdcnum sulphide.giyes nerr the assay o co,pper-red
gt3in (o.F.), and bcyond a white coatinE of the ol]de: tne lormcr Decomes &zure-Dlue Tl.neo

for:r momcnt toucned r!'ltn rne^,!F.. Tlie iodide coatitg gP 
-p]1.1"" 

h deen ultramnrine blue-

Thc s.. tof nhosphonB bend (U.ir.) is yello$ish green. (liot) and ne:rly coiorlcss (mld); ulso

d"Fi; i;';';;;1.- 
-lto51.i,"ro 

"t"iest'ed 
bv-puttins powrlered mincrrl in dry test tube

witlr smitll scrlp ot pl1rcr, l-,,,t,fl fev drops of i'rternnil an erltt:rl lmount of concentrflted

Jl,,h;;;;'iA:' fti"d utitit ""ii iu-es. Cool or add slorvly drops of water snd solution
wili msume dccrr ltlue color."-ff;il. j \iiih Jro.t*, ni"t nt oti,lc givcs a bead which(O'F ) is violct when hot :rnd red-

t-iri,1i-L"ti|i;'ii[i..) iii;ALi* bc'courcs sruy and ttrrlrid frolrr the seprmtion of rnetullic

niokel. A solutlon ol ntc,.ct ,,"'coin"" J*rtc ttiu'i (cf' co-pper).on the ld(lition of atntnonir in
H;;. ii;;;ili"ii"- iJi,ti"" of ilirircthylglyoxine is-adtted to ar amruorriscxl solution
B scrdct Drtcipit^tc is lormcd.
" * F,"fri-i-igotuinbium). - An rcitl solrtion boilc6 with rnet*llic tin..giyes a blrte color
*hili.';i;;;ii ;i;;;;; t-t't on corrtiriucd boiling tntl disrppc'us on dilutic''' 'l'he rcac-
iions with thc llrrsw lrrc not ver-v s:rl isflctory."'"'*U;l,i"i. 

- l'lrrsc rleton:rtc,il,ct, t,t'.tcil'on chlrco:rl. Ilc:rted in a tube with su\rhuric
acirl thev Jrivc olt rnrl frrnres of nitr"s('n (li,rxirle (i{{t,1'*"'ilii,,t]ri,r. 

- l\tirst ptrosplrrtcs irnlr;rrt l grecn col(n lo thr' ll:tmo., csllccirllv rtftcr hrvirrg
bc'en tn,ii*tctrtrl rvilh srrlphttric ari,l, tlrrlttqlr this tcst lllllv l{' ren(l('rt'( t, r ll l ' rlr'ittlctor)' by
tlte rrresnnr.c rrf otlrnr colrrting ngetlts. lf tlrcy lre lllscrl ilt lllt' r'klsc(l tlll)c l\'lllr il lrrEmenf
oi-rii"r,,li" ni"gn*i,,ttr ,,r sotliu,t', r'rrrl lftcrrvarrl ,tturi-str.ttcrl rvith rv:rlcr, plrosplrrtreted

hvdn-racn is qiven olT, r""()qnizll)lc l.r.\' itiJ Ilisirgrerll|rl('ixlrtr' .'t a"?"i-", iirti" "f:r'nrtril rcirl solirli,,rr, coittrritting Flrosllrolie aeid' |rnulrtcs in.s s'rlu'
fion 

-,,i-,,,,,iir",ium 
rrrolS;lx1rte a lrrtlvr:nrlcrrt ycllorv irrcciltit:rtc of ununoniurrt pbgspbo-

molybtlatc.

ITA-Alfaro000371
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Potcssrum. - Potash imp:rts a violet color to the flame n'hen alone. The flame is best
observed throusb a blue eliss filter which rtill eliminrte the sodium flame color which n'ill
almos! invrriab'iy be presdnt. It is best detected in small quantities, or when sode or lithia
is present. bv the aid of the sDectroscope- See also p. 3G{'' Seleniim-. - On charcoal delenium fuses easilv, givine ofr brosn fumes with r peculiar
dl.rsreeable orsanic odor; the sublim:rte on charcoal is-volatile, and nhen heated (R.F.)
gvei-a 6ne ezuie-blue flame. On plaster gives red to critnson vohtile sublimate $ith char-
actenst lc odor,

.Sr&'con. - A smrll fragment of a silicate in the sait of phosphorus bead leaves a skelelon
of silica. the bases beins dissolved.

IUosi silicstes are iisoluble in acids. The fine powder ol such a silicate is fused rith
sodium carbonace and the mass then dissolved in h-rdrochloric acid and evaporated to dry-
aess. the si.lica separates as a gelatinous mess antl on evapomtion to dr1'ness is msde insol-
uble. Il'heo strohe hvdrochloric .rcid and then nater is added to tbe dry residue in the test
tube. tbe bnses are-diisolved lnd the silicr left behind.

Itlanv silicates art directlv soluble in hvdrochloric acid, and l.he solution on evsporrtion
will rield lhe characteristic silice iellv. Other silicctes rvhen trerted Nith acid are decom-
poseil, the bases present going inio dolution, but the silica separ:lting and remaining sus-
oended in the liquid. There are qradalions bet$'een these three gmups.' Silrs. - Ou iharcoal in O.F. silver sives a bronrr cooting. A globule of metallic silver
mav qenerdlv be obtoined bv he:rting on charcoal in R.F., especially if soda is added.
Unlei some dircumstances it i! desirab'ie to have recottrse to cupellation.

Fmm a solution containing any sdt of silver, the insoluble chloride is thronn dosa
rrhen hydrochloric acid is addeil. this precipitate is insoluble'in acid or n'ater, but entirely
so in arirmonia. It chanses color on erposuie to the lieht.

Strontium. - Compounds of strontiirm are usually recogrrized by the fine crimson-red
rrhich thev cive to the blowrrine flame; manv yield nn alkdine resction rfter ignition
(cf. bariurir)I In concentratdd- and slightly diluied solutions strontium sulphate nill be
precipitated on the rddition of sulphuric acid (cf. calciunr and barium).' Sidrurr" - Compounds containing sodium give a strong and persistent yellow flane.
Some comnounds nill sive an allisline rexction ajter icnition.

Sulphir. Sulnhides: Sulntutles. - ln the closcd tubb some sulphides give off sulnhur; in
tbe op6n tib€ thev vield 6ulnhur dioxide, which has a charactiristic o?or:rnd rddderis r
etrip bf moisteneJ litmus priner. In smlll quantities, or in sulphates, sulphur is best
detacied bv fusion oD chrrcdal-$ ith soda and charcoal dust. The fused mrss, when srodium
sulohicte h-as thrs been formed, is placed on a clean silver coin and moistened; a distinct
blaik staia on the silver is thls oltrined (the precaution mentioned on p. 307 must be
exerciserl).

A solution of a sulphate in h1'drochloric acid gives lvith blrium chloride a white insoluble
Drecinitate of barium'srrlnhate.' lteLuium. -'l'elluridcs hctted in the oDcn tube givc r, rr'lrilc or grayish sublimate,
fusible to colorless drorrs (n. 3{i5). On chricoal thcy give & rrhitc colting :tnd color the
R.F, creen, On nlastei th-ev cive l dlrk brosn volitilc srrblinrrtc. A sltull amount dis-
eolved in narm doncen lrr r tc-r[ 

"sulr.r)ruric acid viells a decn rcrl solution. The color $ill
diseprrear if acid is heatc,l too hot'or if on eoolinc. tater id ltkle,l.

?'ln. - Minerals contrining tin (e.o.. crLs.siteritc), rvherr helted on clrlrcorl n'ith soda or
pot{Eqium cyanide, yield rrrchrllic tin in minrrte globulcs ur<l r rvhiLc anrl rlifficrrltly vohtile
oxide co:rting is formcd; the glolrulcs arc rnlllerble, but h.rrder thtrn silver. Dissolveti in
nitric ncid, rvhite insolrrhle stlrrrric oxirlo scr)itrltcs orrt.

Tilo rtium. 
-Tittniurn 

gircs in the lt.I,i rvith sllt of plrrxphorrrs r lnnl rvhich is violet
when col,l. Fused with sorliunr crrlxur:rtc rntl tlissrivcrl' in hvrlroclrl.'ric acid, and
heated sith a picce of mctrrlli,: til. the liquirl tirkes * violct color. 

-es1rccirrll1 :tftcr prrlial
evaf[ration. A yellorv to antlrcr col,,r rcirrlts rvhen hydrogcrr lrro.ride is arftlcd to a, sul-
ohuric nci,l srrlrrtion.' I'ung'!, rt. - lirngslen oxirlc girns I lrlrre color to tho sllt of pltosphonts llenrl (R.F.).
Fused rntl lrclrtcd rs tituittrn (rcc aliove) rrith tlre t(klition of zinc iltstc:trl of iin, gives a
6ne blue color, 'fhe color clxtngcs to lrrriurr orr contintrctt rerlrtction. 'l'lrc color tlocs not. disappelr shcn the solution is,lilrrto,l lcf. niol,iurn).

' Uronivtn. - Uranium conrlxnrtrrls riye trr the srit of uhospltorus berd (O.F.) a greenish
'vellorv l.lesrl slren eool; tlso (ll.l.'.t r tirrc srccn orr crxrliiq (D.3ti0).' I'atudilu,. - \\'ilhlnrrrs((l.l.lr:rrr.rrllrtr'l,sivetrltrrdytllltrv(lt.rt)clt:tttqittgl,rvellors-
i,sh qnen ttrr,] trr.rrrlv col<,r[ ss (c'rlrl ;:rl:.otli.lf.jrliltvgratti(hoti, litrc slecn /r'oltll.- \\ith
salt ,f Jrlrrrsy,h,,r'r1s'(0,I',,1 rr;ell,rrv 1., lrrrber colul itlrrrs dilTeritrg itunt cltrutttitttrrl; llso
(it.Ir.) liue gr,-rrrr (cold)'
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Zinc.-Oa chrrrcoal in the redrrcing flanrc cornpounrls of zinc give lt, cotting \r.hich is
1'ellon'nhile hot ..nd r'hite on_ coolind; and moistened by the eofilf sol"tidii i"a irilri'ri
neate(t become3 $ hoe green. Note, ho\\'ever, th&t the zinc silicrte /cahrnine) I.reconres blue
when heated sfter moisteninq nith cobrlt solution.

Ziraniun. - A dilute lildrochloric acid solution, eontaining zirconium, imparis an
oratrge.J.ellorv color to turmeric paper, moistened by the solutioa.

DptrnrrrN.rrrvE trIrxERar.ocy

619. Determinative Minerr.logy mry be properly considered under the
g€neral head of Chemical lliner:riogy, since the deiermination of minerals
depends mostly upon.chemicrl tests.-- But crystallographic and all tbe phlsi-
cal chrr:rcters have also to be carefully observcd.

There is but one exhaustive rvay 
-in 

which the identity of an unknorvn
minelal mry in all cases be flxed beyond question, end thaiis by the use of a
complete set of determinative tables. By-rnecns of such tables ihe mineral in
hand is referred succcssively from a gcneral group into & more special one,
until e-t lnst all othcr_ specics havc been eliminated, and the identityof the ond
given is beyond doubt.

A careful preliminary examin&tion of the unknos.n minerel should. how-
ever, rilveys be made before final recoume is had to the tables. This exemina-
tion will often suffice to shorv what the mineral in hand is. and in,anv case
it should not be omitted, since it is only in this \yay that a pr;cticel frimiiiaritv
with the apperranc€ and characters of minerals ien be giined.

The student will naturally take note first of those chiracters which are at
once obvious to the senscs, that is: crysJcl line jorm, il distinct; qeneral struc-
lure, ckauage, fratlure, Iuster, color (lrnd streal:), feel; also, if the specimen is
not too ryall, the apparent ryeight Nill suggest somethi-ng as to {he specifc
$avily. 'Ihe charecters named tre of very unequxl imporlence. Stru-ctuie.if crystals ar€ not present, and fracture ire generally unessential exceot in
distinguishing variet ies; color and luster are esseniiel with metallic. but
genercily very unimportant rvith nonmetallic minerals. Streak is of imnor-
tance only rvith colored minerals and those of metallic luster (p. 271). Civs-
talline. form and cleavage are of the highest importance, brlt may require
careful study.

The first trial should be the determination of the hardness (for rvhich end
the pocket-knife is often sumcient in experienced hnnds). The second trial
should be the determination of the specifc grauity. Treatment of the oorv-
dcrcd mineral rvith acids m&y come next;-by this mcans (see pp. B5g, 860) a
carbonete is readily idcntified, and :rlso other results obtained. 'Then 

shoi,fJ
folforv blorvpipc trials, t-o nscer!.lirr the lusibilitu; the color given to tfru n".".
if rrny; tlrc chancter of tbc sublimale given off ilr thc iubes and on chereoaii
thcmctal ro.hlccd on thelrrlter; thereactions rvith thcfures, and other pointi
as explaincrl in thc preceding pogcs.

Horv much thc obscrvcr lenr.ns in the nbovc u.:ry, in regerd to the naturc
of his mineral, dcpends upon his knou'lerlge of thc- chrrncters of nrinerals in
generul, :tnd upon his familiarity with thc chernic:rl belrin'ior of rhc l,arious
elemen tery.subst:rnccs with re:lgeurs and bcfor.e t lrc blos.pipe (pp. :l;'ig to 3{.ig).If the rosults of such :r prclirrrinlry exlrminrti(,tr lrrc srjfncie;il-\- rlcfinite to
suggest llrat tho nrinpnrl in hrrrrl is one of u snrrrll nnrnlrr of sper:ir'.. rnfcrcnco
rnly lxr rnetlc to tlxrir full dcscrilrtion in PrLrt v of this rvorli loi thc firurl
dccisi<-,u.
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Samples of Beaverhead particles logged at rig as having abundant
tal c.

S.E.14. examination to obtain micrographs and Xray analysis.

Several hand picked particles were examined in S.E.F1. and EDAX
spectrums were taken.

Micrographs were taken at X5000 and X10000 of samples from the
145'-150', and 155'-160' levels of hole No. 4052.

EDAX spectrums did not show the presence of l4g.
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Phyllosilicates

This document last updated on 08-Nov-2010

Phyllosilicates (Sheet Silicates)

The phyllosilicates, or sheet silicates, are an important group of minerals that includes the
micas, chlorite, serpentine, talc, and the clay minerals. Because of the special importance of
the clay minerals as one of the primary products of chemical weathering and one of the more
abundant constituents of sedimentary rocks, they will be discussed in more detail in the next
lecture.

The basic structure ofthe phyllosilicates is based on

interconnected six member rings of SiOo-a tetrahedra that

extend outward in infinite sheets. Three out ofthe 4
oxygens from each tetrahedra are shared with other

tetrahedra. This leads to a basic structural unit of SirO.-2

Most phyllosilicates contain hydroxyl ion, OH-, with the OH
located at the center of the 6 membered rings, as shown here.

Thus, the group becomes SirOr(OH)-3. When other cations are

bonded to the SiO, sheets, they share the apical oxygens and

the (OH) ions which bond to the other cations in octahedral

coordination. This forms a layer of cations, usually Fe+2,

Mg+2, or Al+3, that occur in octahedral coordination with the O
and OH ions of the tetrahedral layer. As shown, here, the
triangles become the faces of the octahedral groups that can
bind to the tetrahedral layers.

The octahedral layers take on the structure
of either Brucite [Mg(OH)r], ifthe cations

are *2 ions like Mg+2 or Fe+2, or Gibbsite

[A(OH)3], if the cations are +3 like Al+3.

In the brucite structure. all octahedral sites

are occupied and all anions are OH-1. ln
the Gibbsite structure every 3'd cation site

is unoccupied and all anions are OH-I.

Mgt2, F e*2, or Al*3

,{tLrroFjia e tunbfi ftS#)

Page I of7

O or OH-

t1/8/20r0ITA-Alfaro000379



Phvllosilicates

This gives rise to 2 groups ofsheet silicates:

l. The trioctahedral sheet silicates where each O or OH ion is surrounded by 3 divalent

cations, like Mg+2 or Fe+2.

2. The dioctahedral sheet silicates where each O or OH ion is surrounded by 2 ffivalent
cations, usually Al+3.

We can build the structures of the various sheet silicates by starting with the octahedral layers
similar to the structures of brucite or gibbsite, as shown below.

ffi
aals bonds

This leads to a tetrahedral - octahedral (T-O) structure, where each T-O layer is bonded to the
top (or bottom) of another T-O layer by Van der Waals bonds.

The trioctahedral phyllosilicates are based on the
structure where the octahedral layers are similar to

brucite, where Mg+2 occupies the cation position.

The dioctahedral phyllosilicates are based on the
structure where the octahedral layers are similar to
gibbsite, where Al+3 occupies the cation position.

Trioctahedral Dioctahedral
Brucite Mg(OH)* Gibbsite Al(OH)l

Dioctahedral

Kaolinile

Dioctahedral
Pyrophyllite AlrSi{Olo(OH)2

M
ffi

Al2siros(oH)4

ww

The octahedral sheets in both cases are held tosether by rveak Van der W

If we start with the brucite and
gibbsite structures shown above,
and replace 2 of the OH ions with

Trioctahedral

O, where the Oxygens are now the Lizardite

apical Oxygens ofthe tetrahedral
sheets, then we get the structure of
the serpentine mineral, Lizardite, if
the octahedral layer is

trioctahedral, containing Mg+2. If
the octahedral layer is

dioctahedral, containing Al+3, the
structure of the clay mineral
Kaolinite. is obtained.

If 2 more of the OH ions in the octahedral
layer are replaced by O, and these O
become the apical Oxygens for another
tetrahedral layer, the this builds the
trioctahedral phyllosilicate talc or the
dioctahedral pyrophyllite. This becomes a
T-O-T layer that can bond to other T-O-T
lavers bv weak Van der Waals bonds.

Trioctahedral
Talc M93SiaOls(0H)2

MgrSirO5{OH)a

ww

H
H
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Phyllosilicates

Ifan Al+3 is substituted for every 4th gf4 in the tetrahedral layer, this causes an excess -l
charge in each T-O-T layer. To satisfu the charge, K+l or Na*l can be bonded between 2 T-O-
T sheets in l2-fold coordination.

Trioctahedral Dioctahedral
Phlogopita KMg3AIS{O toi0H), Muscovite KALAlSrrOro(OHh

For the trioctahedral sheet silicates this becomes Phlogopite (Mg-biotite), and for the
dioctahedral sheet silicates this becomes Muscovite. This makes a T-O-T - T-O-T layer that,
again can bind to another T-O-T - T-O-T layer by weak Van der Waals bonds. It is along these
layers ofweak bonding thatthe prominent {001} cleavage in the sheet silicates occurs.

Replacing 2 more Si+4 ions with Al+3 ions in the tetrahedral layer results in an excess -2 charge

on a T-O-T layer, which is satisfied by replacing the K+l with Ca+2.

Trioctahedral Dioctahedral
C lintonite CaMgrAl"S-5O to(OH), Margarite CaAlrAlSirOto(OH),

This results in the trioctahedral sheet silicate - Clintonite and the dioctahedral sheet silicate -

Margarite.

Because ofthe differences in charge balance between the trioctahedral and dioctahedral sheet

silicates, there is little solid solution between the two groups. However, within the

trioctahedral sheet silicates there is complete substitution ofFe+2 for Mg+2 and limited

substitution of Mn+2 into the octahedral sites. Within the dioctahedral sheet silicates there is

limited substitution of Fe+3 for Al+3 in octahedral sites. In addition, F- or Cl- can substitute for
(OH)- in the hydroxyl site. As previously discussed, substitution of F-1 stabilizes the mineral to
higher pressures and temperatures.

Another group of phyllosilicates that is more of mixture of structural types is the chlorite
group. Although chlorite is complex in that the amount of Al that can substitute Mg and Si is
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Phyllosilicates

variable, one way of looking at the chlorite structure is shown below.

Chlorite {MgrAl){SirAlPro{O H)t

Here, the chlorite structure is depicted as

consisting of a brucite-like layer (with some
Al) sandwiched between tetrahedral layers
that are similar to phlogopite.

lMg3Al$irOss(0H)2f

IMgrAl(OH)rl+r

ffi
Another important sheet silicate structure is that of vermiculite. This is similar to the talc
strusture, discussed above, with layers of water molecules occurring between each T-O-T
layer.

Similarly, insertion of layers of water molecules between the T-O-T sheets of pyrophyllite
produces the strucfure of smectite clays. The vermiculite and smectite groups are therefore
expanding type sheet silicates and as the water is incorporated into the structure the mineral
increases its volume.

Although we have shown that the octahedral layers fit perfectly between the tetrahedral layers,

this is an oversimplification. Ifthe tetrahedral layers were stacked perfectly so that apical
oxygens were to occur vertically aligned, then the structure would have hexagonal slmmetry.
But, because this is not the case, most of the phyllosilicates are monoclinic.

Serpentine Group

The serpentine group of minerals has the formula - MgrSirOr(OH)0. Three varieties of
serpentine are known. Antigorite and Lizardite are usually massive and fine grained, while
Chrisotile is fibrous. As discussed above, the imperfect fit ofthe octahedral layers and the
tetrahedral layers causes the crystal structure to have to bend.

In Antigorite the bending
ofthe sheets is not
continuous, but occurs in
sets, similar to
comrgations, as shown
here.

Antigorite

Teirahedral Layet6

Octahedrrl Layers

Page 4 of7 tU8/2010ITA-Alfaro000382



Phyllosilicates

Ghrisotile

In Chrisotile, the bending ofthe sheets
is more continuous, resulting in
continuous tubes that give the mineral
it's fibrous habit. The Chrisotile variety
is commonly referred to as asbestos.

Occurrence - Serpentine is found as an alteration product ofMg-rich silicates like pyroxene

and olivine. It results due to hydration. For example:

+ 3H2O <=> MgrSirOs(OH)4 + Mg(OH),2MgrSiO*

Olivine water Serpentine Brucite

Thus, serpentine is commonly found pseudomorphed after olivines and pyroxenes in altered

basic and ultrabasic igneous rocks, like altered peridotites, dunites, and sometimes basalts and

gabbros. It is commonly associated with minerals like magnesite (MgCOf, chromite, and

magnetite. If the rock is made up almost entirely of serpentine, it is called a serpentinite.

Properties - Because the serpentines usually occur either as fine-grained aggregates or fibrous
crystals, optical properties are difficult to determine. Most of the time, serpentine can be

distinguished by its characteristic pseudomorphing of other crystals like olivines and
pyroxenes. In hand specimen it generally tends to have a dark green color with a greasy luster.
In thin section it is clear to pale green to pale yellow, but does not show pleochroism, shows a

generally low relief compared to minerals like olivine and pyroxene with which it is associated,

and show very low order interference colors due to its low birefringence'

Talc

Talc has the chemical formula - MgrSioOls(OH)2. It is probably best know for its low

hardness. Although it has a micaceous structule, it is so easily deformed, that crystals are

rarely seen.

Occurrence - Like serpentine, talc requires an environment rich in Mg, It is therefore found in
low grade metamorphic rocks that originated as ultrabasic to basic igneous rocks- Rocks

composed almost entirely oftalc have a greasy feel and are refened to as soapstone.

Properties - Talc is most easily distinguished in hand specimen by its low hardness, greasy

feel, and association with other Mg-bearing minerals. When crystals are present they show the

characteristic micaceous cleavage on {001 }. In thin section, talc is colorless, biaxial negative

with a 2V of 0 to 30o. Like other sheet silicates, it shows the well developed {001 } cleavage.

Maximum interference colors, consistent with a birefringence of 0.05 is 30 yellow. Muscovite
has a higher birefringence and higher 2V, properties which easily distinguish the 2 minerals.

Tetrahedral LaYer

Octahedral Layer
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Mica Group

The micas can be divided into the dioctahedral micas and the trioctahedral micas, as discussed
above. Muscovite, Paragonite, and Margarite are the white micas, and represent the
trioctahedral group, and Biotite and Clintonite (Xanthophyllite) the black or brown mic4
represents the dioctahedral group. Muscovite and Biotite are the most common micas, but the
Lithium- rich, pink mica, Lepidolite, K(Li,Al)rAlSi3Ot0(OH)2 is also common, being found

mostly in pegmatites.

Muscovite

Muscovite, KAl3Si3Ot.(OH)r, and Paragonite, NaAl3Si3Ot'(OH)r, are two potential end

members of the solid solution series involving K and Na. But, there is a large miscibility gap

between the two end members with Muscovite being between 65%o and, 100% of K-rich end
member, and Paragonite showing compositions between about 80o/o and 100% of the Na-rich
end member.

Occurrence - Muscovite is common constituent of Al-rich medium grade metamorphic rocks
where is found in Al-rich schists and contributes to the schistose foliation found in these rocks.
Muscovite is also found in siliceous, Al-rich plutonic igneous rocks (muscovite granites), but
has not been found as a constituent ofvolcanic rocks. In these rocks it is commonly found in
association with alkali feldspar, quartz, and sometimes biotite, garnet, andalusite, sillimanite, or
kyanite.

Properties - Muscovite is easily identified in hand specimen by its white to sometimes light
brownish color and its perfect {001} cleavage. In thin section, the {001} cleavage is easily
seen and it's high birefringence is exhibited by the large change in reliefon rotation ofthe stage

and it's 2nd to 4th order interference colors. It is clear and shows no pleochroism (which

distinguishes it from Biotite), and it is biaxial negative with a 2V between 28 and 50o. One of
the most diagnostic properties of the micas, including muscovite, is the mottled or birds-eye
extinction exhibited by these minerals.

Biotile

Biotite is a solid solution between the end members Phlogopite KMgrAlSirOrg(OH)2 and

Annite KFerAlSi3Ol'(OfD2'although pure Annite does not occur in nature. In addition, small

amounts of N4 Rb, Cs, and Ba may substitute for K, and like in other minerals, F can substitute
for OH and increase the stability of Biotite to higher temperatures and pressures.

Occurrence - Nearly pure phlogopite is found in hydrous ultrabasic rocks like kimberlite, and
is also found in metamorphosed dolomites. Biotite, with more Fe-rich compositions is
common in dacitic, rhyolitic, and trachyic volcanic rocks, granitic plutonic rocks, and a wide
variety of metamorphic rocks. In metamorphic rocks, biotite usually shows a preferred
orientation with its {001} forms parallel to the schistose foliation.

Properties - In hand specimen, Biotite is brown to black and shows the perfect {001}
micaceous cleavage. In thin section, it shows the perfect cleavage and mottled extinction
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typical of all micas. It's most characteristic property is its pleochroism, showing yellow to
brown to green colors. Homblende shows similar pleochroic colors, but is distinguished from
biotite by the differences in cleavage of the 2 minerals. Biotite is biaxial negative with a low

2V of0o to 25o.

Chlorite Group

As discussed above, the Chlorite group has a structure that consists of phlogopite T-O-T layers
sandwiching brucitelike octahedral layer. There is substantial substitution of Mg for Fe, and
Al can substitute for (Mg, Fe) in both the octahedral sites, as well as for Si in the tetrahedral
sites. Thus, chlorite can have a rather complicated formula - (Mg,Fe,A1)r(Si,Al)4O10(OH)6.

Occurrence- Chlorite is a common mineral in low grade metamorphic rocks, where it occurs in
association with minerals like actinolite, epidote, and biotite. It also forms as an alteration
product of pyroxenes, amphiboles, biotite, and gamet in igneous as well a metamorphic rocks.

Properties - In hand specimen, chlorite is recognized by its green color, micaceous habit and
cleavage, and association with other minerals like actinolite and epidote. In thin section,
Chlorite shows low relief and low birefringence, with a characteristic midnight blue to black
anomalous interference color. It shows some pleochroism in the range of green to pale yellow.
It is easily distinguished from biotite by its lower reliefand anomalous interference color.

Examples of questions on this material that could be asked on an exam
(note that properties that distinguish different minerals will be included in the laboratory exam)

l. What is the difference between the dioctahedral and trioctahedral sheet silicates?

2. What is the difference between antigorite and chrysotile ?

3. State whether each of the following minerals would be most commonly found in igneous
rocks, metamorphic rocks, or both igneous and metamorphic rocks: (a) Chlorite, (b)
biotite, (c) muscovite, (d) talc, (e) serpentine,
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