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It was requested that the mineralogical work be 

directed toward the investigation of those features which would 

be of assistance in determining the possibility of beneficiating 

the first two samples to produce materials similar in composition 

to No.3 (M>,-83). The aim of a beneficiation procedurewould be,in 

Sample No.1 (M-81), an increase in alumina content and, in jo.2 

(M-82), a decrease in the alkali content. This can be accomplished, 

in the first case, by reMoval of quartz and, in the second, by 

removal of muscovite. It has been shown, by means of selective stain- 

by consideration of the crystal chemistry of muscovite end 

pyrophyllite and by the demonstrated absence of eny other alkali-

bearing minerals that  ail  alkalies must be contained in muscovite. 

Examination of sized fractions of pulverized samples 

has established that appreciable liberation does not occur in sizes 

larger than about 24 microns. Since complete removal of the con-

taminants  is not necessary to produce products comparable to No.3 

(M,83), particularly in the case of the. quartz  in  No.]. ( 1..81), it 

may be possible that satisfactory products  can  be recovered without 

complete liberation. Blending of concentrates from the high silica 

and the high alkali materials would further reduce the degree of 

concentration of each necessary to produce a satisfactory product. 



ÀDI:rodet'Ign 

In fehrnary 1958 ninnt(!en ein - nlos of pyrophyllite. 

boarini; rocka rro:1 	%ntuiln 	of :;.nfonnlland rierc subnitted 

to -.his 	 Cover, ropyty ;lnister, :iolfoundland 

;)epart^w/lt ‘7;s4 

	

	iu t;i 1:AsourrE. In a lattPr  tø  ..r.".!.ondge 

,Ù141D, 1958), A riincraloleal olue.-lnntion of 

eS reanted. purposo o: !,11111 examlniition 	s  to assist 

in tne development of (1 nroces/i for thfi benefielation of tee Vpos 

of p:,%/ophyllite.::ÛarIng ;latïlrial to " we d fililehed prod/let which 

.111 .:)A 1:ot 	ln elnrrIna, !kor , 11:eh ti:,:her in alkali, t...hnn the 

one:Ilea/ Pontiult of that uonta1n-.1 in thP 100 ponnl kg  nt 

produet • If_eh Ue itre. r.( 1 1.t) yon 	sple 50.3". 

12,no !:111p^lint.; of Lanplas nere rerslvel„ 'fhp f!r2t 

conni!:ted of tour  ari1 	/abniled, riv! deeered hy 

eollo4ui (Lahoratc)ry 	 "711ae 	Cvnl, is  ularrel eon. 

tainine about 450 Ponnia of terude, primari eruflbIrd pyrophyllite 

having a lc ,/ allmina, (10 to 1:.1) and low hlkali (les than 12;) 

eontint". 

(Labst5b.-82) 1%£L0.2.1.4.-U.Ir All, In a barrn1 oontaining about 

450 'ponnla of ertlr, , 	i/rul;imd /\yroPhyliltP hilvlu a 111r,h 

nlumin4 (over 7.(Y) and a M.14 i1i (ovor 1 . ) ro:Itent".. 

(1,ph.'k).3) 	 ::::).11111...Erjuusa, is . le0 ponnd bac or 

pyrophylli« as produeed In Vie ri1t frol high 1 . (ile rzon 

(over Pe 	 lens than 1: 



(r^::}`• '+r0•`....R41 It
i5 Ei 50 pourri !)Fig of

Pyronhyll.itivp:t <!on;3omr.rmte v;izir.h .41,1 h-vc. to ho tnrncan out

, ..... .

The ±ol2o:Jng oh-ntcA ^i:t:tly3f.`s by

sJr• :`^iJal•t ^:^ ;?1ir`':.° !?:' ':?:^i%!'i2lfl'^^.f:!1`Î ' ^.r;^:r^ll3 .i`'iâtCC^ '.;CrH Ll^.:;o

a 111;., 1 tted z

.:.3i.X.9 ' ^.ji1^^ .X • ^ A1201 11 1 1 ^ 0 .^..TJr4

t_81 1. Ovni 15.47 0 0•42

31.74 4•0;
( 'I t1Æ? t:'i1l)

M..113 3. Pro:?F.tction -'1•^7 4.I1

Ur*t:t c:' ^'i z t::^r :^u ': ^^1.F^s ► ;HS x'<!cc^ Lve^ on

l ^ar^rliury '>. Tri t?,F. ^c4^=;pur,yl:ls; :ietfinr fr^>r; r. t;üvf^r. ( `i€f .''3%?./lr(a)^

tirf±cO

i','o.Z^ )E<ci:s:rn c^^ }„rac4e j^yropr^vltJ. te t.ikeZ 1000'

nortli of üv:zl ?li ^.r. ry".

;0.2, :prrciJ.ten c7f' :11iv3.!`ed? r},ycl-tl;ca t<<-.en .t 10r0'

north of bik:io îiiis, Uval titi2:rry .rea".

t^3o,^4-r3W" .;o.31 "!accJ.^:e,l o.' hl, _h ;,r.lla pyrophyllite ;vith tli};h

alt;ol.f contcrit, r.O:cn 1.'rurn JoitnSes °'tiz-nrr;, in i.n(-. Hill .rf:a" .

'0.49 ,;_Irct•oli Of r,wt inc.lü1l t

•^pproxi-mtFJ.y rwlt?1 nnfl O+l`' ;ve:it".

.^.^:._....,_:^^...:.:. ..;r, ;; <^E^^ ^c;`;o.':, c:;aoc+^ .. i o° I''l^o^^t.cz i^re^cii^ ;;: ,'. r^^^ L'2^o ►~ .'iRC^

tfill ;,,^;^ro^rt rl-itf! Zf 7+20 solithl 3+f?0 .r.St".



(4e. Ncl,":-.87i0, "0.6, Seeelman of rhyolite, taken from -ine Mill, 

9+20 south -- 	mist". 

(Luh. HoZ:=3211 " ■;0.7, Sprcimen of high Fri.de pyrophyllite th  

high 	coutozit, tal'on from 	 uf ;Arm. I - -dne 

(L1,11),Llip. --VC) "f0.8, zipeein.:m of lo ,A.  grade uyrophyllite, taken 

fral 	 (tr 

	 "c.9, 	 conj.oneruttc rhyollte (1!;int, 

tait  fr .n Lval 	 ulastn 

Sào.p.e.eal, '1 ;0,10, ,pneimen of  1h  t'rade pyr3phyllite, taken 

fron rrea C:4.1t In (ival 'uarry". 

";.0.11, .1q1F(1nen of hl:/h f;rde pyrophyllite, taken 

for  nortu.:eat corner of Oval Ouarry". 

di4D.12, bpeeinen of altercd se:Uncut or volcanic 

rock, 250e:; of oval :marry°. 

	 "›.).13, ..)pecimen of n rMiceo= lens, tueri from 

joanion 

sj. 	 bpocimen of low grade pyrophyllite, telçen 

from Jonnies ollarry, Mine 11111". 

Lek,  No.e...89C)  "14(415, ;IpeeiwP-1 or lcy: grade pyrophyllitn, taken 

 fron Lulk anp10  o.1 ,  Ovtl 1narrr", 

,leij- Q -In  _QS TnvestteDttqa  

The ;Iineral asse7lblvr,es of the :.::;lev;, collpled 

tnir extelly Pi ne grain-sire su ■ 1 	neInci-t4 o1 Ilede it 

vt-n' 	 pn!leng the szr'Ples quantitatively or e-ven nemi- 

ylentitutively. ,:k; one procedlmn 	 1,4:ornution 



and various combinations of the following methods were tried: 

microscopic examination of fragments;-thin and polished-section 

examination; size fractionation; oil-immersion mounts of crushed 

material; X-ray diffraction examination of bulk samples, hand.. 

picked material and sized fractions; differential thermal analysis 

(DTA); thermogravimetric analysis; acid etching and selective 

staining;chemical analysis. 

Published work 

tions of material from the Manuels area have suggested that the 

principal constituents are pyrophyllite, muscovite and quartz. 

Preliminary X-ray diffraction analysis showed this to be true in 

these samples and the problem then became one of determining the 

distribution and proportions of the major mineral constituents, the 

distribution of alkalies, the identification of the minor constitu-

ents and the assessment of features which night be of value in 

beneficiation investigations. The work was concentrated on the four 

samples of the first shipment (M-81, M-82, M-83 and M-84). The 

results were then used as a basis for the less intensive examination 

of the remainin fifteen samples, which was carried out, principally, 

by means of thin sections and X-ray diffraction. The discussions of 

the two groups will therefore be presented se , arately. 

The extremely fine grain.size, intimate association 

and previous bines Branch investiga- 

and similarity in physical properties  ail  served to 

identification not practicable. X-ray diffraction, 

make microscopic 

however, proved 

to be very informative and this technique was used with considerable 

success throlwhout the investigation. 



PeT A . 	
(( 

(j  •is 	 J2QM 

"/n :-.' 2 1e,....ZXRIerY1YeuediPs(12,11c retilLes 

ïhr 	Plt is ,:oo:;c1 of irrislar, 81unnt frag- 

menta of grcylsh.hitn matt:.rial 	u maxl-lum 11'(: of about 2 

te 1 Inc 09. rhey Lire urctform in npoucanner ;uw; sluicr low 

na,!:1 1.1Ickltion ! -, rs rawn tu bc 	 onfoMatid sï:.th stall, • 

scatred, tard, :reerlsh.grey aved:; 	 =ans 1/a. :d 

1dM frW;lc, yrilorien aggrugates 	 ar;t1 quartz. On 

slip surfmles ln larlE; of 	frag.uinl:s in a t'In costing of Ilhito, 

fi;irous pyrophyllie: eth fluart7 ani 

this fruemnnts 1 	tirrn In hig.1 (a). 

kaolinite. a photcgraph of 

nres thin sections cut from flifUertint fregneuts 

she4 connlierabln varstion. ThGy urc eninosed or oyrophyllite nud 

quartz 7iith small lounts of zoisite and sanssurite, f ,oisite oceurs, 

usnally, us small (atout 0.02 mn) p7ains althunn rare grains as 

large as O. nwn 1/ers cbserved (Pies. 3, 3b). It is colourless to 

faintly icllow in 'os , l; enses e  nul Is naaily roec:1;r4ized V the high 

rra/et /n coatrast t:n the Isartl-Gyrophyllits 	 the 

materlul dezl.nated as sanusurito 	ha, in 	kuolletf ,  nnd 

occura ns 

	

	finfl-grained, onagne,  his.assns (Fig.48). 

Pyrophyllite inv./ iplartz normally are fund in nicro- 

grnmilnr erftfeatrs (rigs, 4a,b; 5a 9 b) bwt 	s'oporUon of nach 

il 	 frn - s plane to n'ace (Flgs. 	b). Vsublly, t)iu frp.Irt?- 

rich zolre arc vcry fifw-urninstl 	irretmlar ln 	1-ut rre, 

ronnled ar,4•;gates of coarser fpAirtz 4ere docerved (ils. ua, ) 



as %ell 	n Inln large, blocky grain about 0.1 mm in 

>l (' i: of t'-m not'tz has d dusty appearance caused by a profunion 

of in zoisito (?) rnis. t:(re boo 	of pyroahyllite hp to 

0.05 n1 In A.dth 	c)nn -  but of;t 	pyrophyllite- flakes are 

es -mailer than 0.0:? mn. It also o ,..-chrs 1.n rare, arros:; veinlets 

with the floes orientcd parallcl 

1121!thp1 r-Intlana 
In polished soctInn, 	th  vrtical illumination, 

it can be seen that the rock in fragnental in aprearance ,Uth 

fine-gruired e  hard, quartz-rich ■lassoa ;:hich take n hir.her polish 

then the finc,-;'reined pyrophyllitc-rich matrix uhich is too qoft 

to polinh roll. This contrast, sthon n Fig.2a has been accentuatc.d 

by etching vith hydrofluoric acid fuir. 

a21111M-Lle e  tie  1.11.1.kriirc.U=P-ire...1-Cai 1.11 
This nple in node uP of irregular, elonate frag-

m.ults with a gplinery fracture, a yellou.leh.green colour, a 

maximum leui,th of about 10 inchts anr! n laminum 	of about 3 

inchcs. They are .,m!nive and honogencoun 10 ar., ,enrahcc 

rnop - tion of small pits filled  '4 th 	rinralcl, 

rixt.r of p:rophyliite and nuncovite. quler  T 	mhgnification the 

frants still apnear to be flric-fcd, latinivé) and ho7ogennons 

(Plgél.b). Thil snrIpic differs from 'Inirry) ln thnt it 

is of uniform hardness thrnueout and much nortrr, ?he yellowish. 

grnn eolour 1!) aliu) digtinctive. 

Thin :ctIons 

Thrr 9ectioi3s cro ent froll .iiffnrcnt fragments and 

oxarInl 	 noy are e:-.) - 7 Cr;C:i 01 r+ rlat!.vely homogr.ons, 
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microrrulrulnr nvresgate of mucovIte:t und nyronbyllIte. The 

coustitumnts cannot be ltetImmthed optically. &Ian, opaque, 

nhlte ri , anna 	.11neurite uni ker.linite 	hnl 1rin11 9  equmnt 
grzitna of :oinite 	 riqint nre alan ,...rearnt 

(Flgsas i ll). A nremll amo nt or Tlartz oceltrc 171 Cle forn of 

seatterrd, 	r 7:ra1nc of low :riled'. 

In rolierd sectIon, 	vertical 111 -inatton, 

frnurntn st!“11 Ic:pnar to be sioncnneons nr:,; 	4-,rure or a 

fravnrntal litur can be seen (rig.2b). 

This nre:»lq was rcn'ved in 	 n very 

tnr, - !1n roAcr that h1S a 11.1,ttUctltr noy feo/. Ao contamina-

tin 	 z: ,111 1 bp .bnerved 	der loe , eniricntlon. The 

$luteriel 	,nub.).e to etnd7 	;;An nr roltsnri nr.ct'ona and 

the 	ntlinnt:T.nn c 	tt in restrl(-tud to 	 cbfrlical 

lnd oil.irrrlion technius. 

- The 	was rece1ve ,1 in e: 41(1  rCI. or 7 - tne 11..,) to 
nhollr. 6 inp'1.f.!s tq n11;«. -The surfrres 	:Ingt or 	-Oscoloured 
by red or f:rocr..in!1-blar'z ntains. n froc. -01 	 1-»e voc;' In sopu 

tO 	frz,-;  

£elinbrd : 11(11110r11 

(;n 	r,l2rfLcon t 	t*e 

lunoI 4 ” 7-1:n1; 	c7_rurl.y rhrn 	 th- rrunts 

are 111, 1.1 9 	tr. ltht-rrnrn 11 	 !Mr -  • L'• V:!ry 

grainri o 	n5J!roll in natre. 	:Asa eln:) 	 rri, 
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jaspery fragments end few of a soft, green, chloritic type. The 

fragments are mostly rounded to sub.anguler ln shape.and form a 

higher proportion or the rock than the matrix which is also fine. 

grained, hard ana siliceous, with sone Iron oxide stain. The stain. 

ing i9 particularly noticeable along frectures e as shown in Fig.8a. 

TIllneet2I12 

Microscopically the rock is found to be comosed of 

fragments composed of aggregates of fine-grained, granular quartz 

with small flakes of pyrophyllite and/or muscovite (Figs.8b; 9e, b). 

The matrix 12 also an aggregate of granular quartz but is usually 

somewhat coarser than that in the fragments and is also speekledwith 

all  flakes of pyrophyllite and/or muscovite. The soft, green frag. 

ments are composed of fine-grained chlorite.  Tho  se which appear dark 

in Fig.8b are, in part, coloured by dusty, red, iron oxides. The 

contrast between matrix and fragments is shown in Figs. 9a and 9b, 

with the conrser, quarte)ose matrix being sharply riRrkcd off from the 

finer-grained, quartzoso fragment. 

Itmam_DiMmallm 
The .14ray powder diffraction technique vith Debye. 

Scherrer cameras uas found to be one of the nost informative raethods 

for the investigation of the pyrephyllIte.muscovIte.quartz association. 

Although the procedure does not provido quantitative neasurements it 

is pos-dblo to compare the strengths or the pattcrwl of (.,rincipal 

constituents in Ufferent samples and arrive ut values which are 

relative estimates of the compositions, In pulverized material and 

in small sampir.s of selected material the technique es much more 

informative than any of the other procedures used. 
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The sample contains (warts and pyrophyllite as the 

nrinclnal coneticnants with a smni.lnr - o-olint of ,11ncovits. Yeolinite 

met nnt detected ln .!in powder photogranhs cf tf1 bnlk sampl(i but 

it oins fouad along  with fibrous pyrophyllitc nn certnln 5/ip 5 , 1r-

faces in soll of  Ic fragments. 

Ti  this ease pyrophyllita arid mnncovIto arc 	!iPin 

constitunts Yelt a r.aller trunult of ouartz. 

Pyeophyllitf,  11 U. , 7: I-M(7f , clitV::W; (If t;is tia710. 

It 	mleco—nird 	fpuirtz and a rrll  bit  r..te,ctable, a olInt or 

miscovit, 

â.prn LR4 Hate 'oclit 

It wus not cansidorcl 	 gr!pd t'4:; ntinple 

en1 obtain a representative port'i.cn but 	 !.. atnrica prouccd 

patterwl YA.&I cgdest tIlat nriseovit e  ri:t*cr than 

ayrophyllitn, In tb-> prinedpal 	 oV 1:1 10 tly f1ern 

givn a nYee171Pd LJarnrA:Irt to the. ilvartzi, 	ta 	nezet;on. 

In all 	nf tcne 2t/ i."3 	-jnor e:.7nt..1t1:ents 

ar ■ ,. n , t 	 4..,nn ,1» to 	.1Pteetab1e 

Phttcrte. 

aZe...Yrurtjonatiorl  

nn . fte.f; or  t  « 	p-rol)hyllne-brarIn rocks 

weln 	frci . n 	 fr .let'ouf.; in -1 011Pv iinlyzer, a 

ty; ,  of alr 	 ;.z 	 cxw-1 , 0. 1 o.1 oe 

vir'ous 21.7re 	• .a3 noimolble 1,Iberatol 



of the constituents rind the oxtent of thfifr pernivtence into the 

finer sizes. Yor tbe selection of the proper flow rates in the 

ennlyzer anave-rze npeclric gravity* or about 2.7 wan nz, sumad. 

The .i.uallest sj.ga thelt could ba 54=Porated WD9 4 microns (axPreseed, 

of couren e  in equivalent spherical diameters). bnceeedine  

linits *vwre thell: cosen nt 6, 1?, 24 awl 41 nicrons, cessurement 

of tho «in eus by loans a a calibrated scale in the microscope 

showed .1•Mrlt Uw, fractions are very uniform Po0 cloely kipproximate 

notual sizes, Yhe; :Î.:,e limita elnotna above will b ,erfore ue nsed 

in referrin tc e:We frvetions. 

In the +48 micron fraction 1; 1 ere :1 11A .:g11:Uole 

ribelratlan of t'':,,:,  eonstiknents (ri:',n.ina 10b). ij'izl :'i. chn:Igad ollY 

slifttlzy ln tho .48+24 micron fraction. (Pl 1s.11a.11b). Liberation 

lq Lwamplcte in the .24+12 micron frnction (rig2.12a, 12b) ;Itie 
6 

sees to be co7qPiete In the .12+1 rairon portion (lgo.13a,13b), In 

the ...6 nlaron edges no further change wan noted. 

eehe illustrntons haw beau Crwan rro-r the results eof 

the work on the 11Iled Prout :)nt the samples from Ovn/ quarry end 

M1141 Ull shoil the nana featuren and the conclusions ruiy be applied 

effilaily well to ull three «  X.rny powder pictnrts Ji -cc› -.Me of (ach 

of  th c ego fraction8 of the -1111eil Product and thry.  howed thot the ' 

niemum t1r,  « .lotA nf' tIti ?Illurtm is 6bont V,  ri.itrov• ,Illov; 4 

microns the pyrol.)hyllitei pattern bc:cmn Ima ,aa d:Uf , Ine, :I/Te'llg, 

perhapra 5  that  the drgree of orderlm: of t'a$:  ry2tP1 strIleturo %Inn 

decre:, aned in thc smaller partîclen. 



julzlauiLL;aifoue.,aaizad 

Vifferential 4lor?'441 rirudy!-;es .- re 'carried out on 
/M-82, 

pnlvt, rirei portlo 	o*..0 nopleu %.•81.; 	und 	T.4 ewlp?Als or 

muncovito und pyrophylilte. The ;11A receNrds are rnprolcul in  i t13 

rePort as alermal :11rvest 14 24 3A, 4A and 5i: 1  respectively, along 
with theriul bulance curves 1-.!Udh Nill !qe alanlv*d in a later 

neetion. 

rho n'ik teehnlela t.tli 	th et ,I.IFtrico in tera- 
ture htci  r 	eno .:,n salpie en1 e 	 refertnee 

material to ohtala a muaeurrnént or tbu e'llotherrrie and exoittlerrlic 

reactions 	 durine hcatin, ut h conetat rate, up to 

1C00°(;, It is unervI for distInr,uining 	inn.rnls but It 
does r:ot ;(1am to ha diagnostic for mxturesof pyrophyllit mud 

^nineovIts. tleh cf 	zlve, a a lar4e tnetothFirr.le rcactIon ht atq)ut 

tho Dicno teraturn Iwd In 1.7,ttll - rn the 	posku tend 	rere. 

rn t.hi!= r'le!ord u 	uru7ull or. , 1otr,1(1 ;-. actlon 

mro, z.t 685 0c 	n tlere !mall ,- (7,P*• rt 3é5nC. 71'14:-.nn 4.c« IPtereted 

as py.ropneIlto renctious, â dlrUnet nnloHir 	 the 

inversion of quart -  oveurs at 7 :75') . etp.r.rer. 	 % ..a 

zuer,t U.t zbol.t le quar*t ID f - rnmrr;t 	0. 1 

.ne.J 	celo.r.ma. cursA 
There is a 1:Jrpo 'n1ottr 	I tu 	nt Wr,n 

nud 00°U. .ATICM lt  s  known trol 	 te% 	1 .4,; 	ernt:ans 

o:h musrovitr,  n11 Teorhylltte 	 Ut I.nte:rproted uP InlientIng 

tbn ”roae- 	of tilm tu  --drourtlr. ''07:r1 Vr t 	 la rer:Uy 

nut Ea ttell e!of!Ped tilt it rOmP ne 	3 n dUgnc., stle criterion. 
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a 11;1411 endothltr.ic 	aleo 	rt P85 eC. rehotion 

wan aetected. The absence of this roal qoPr nct. ;n.uve t at 	hrtz 

Is abnont but that,  If reeent, it in Ler:ml, ti'n a olltlt fiary 

for detection in 'Ms me xtnre. 

Q  t 

IndothermIc inlications arribci to nyrophyllite 

otlevr as a lurce ”eak at 685°C af.1 a nall on':  at £95°C. A snail 

peal: resIdting frcll the qnortt invornioa orcurn 	,5°C an(i Iron 

leasure:4cnts of Its arca the peoortion or , rtz wnn detcrined  as  

nPproximatcly 2e. 

..LUP- 

For conparison with :110 	curve3 dfYicribod tbove, 

a spocinen of  pur t; oyrophyllito fron r;talay, ::orth Carolina ?ian run 

id 	con;:urnble coilq!tions. 	corve elDws oaly onn eadothornic 

poak, at 785e. 

A nn:Ip/G of 7m ro muticovito frwl lenr 'attala, t)atnrio 

vas )niverircd and nJ7ed In the oller »inalyzer. Tho -15 rdcron 

frkiet'on proluced tàis idA eurVe. te:r131 reuet'eun i. tt13 tuiso 

are very poor» 	 o'ly oae :;. e111. 9  brad *i2onk at aboit 

llese clIrves sugccnt e  frer, 	vnr;lbiiity arld lack 

of elcarly defined eep' - e l  ' ' rit the teci ,,Iio is nr›t venr satlsfactory 

racolvJupf. mInrovlto and ?yrorbyllito. The criv,nt1tat 4.ve 

171:111 , rannt!: of the 'tart' Coltcnt  'ro  ot:ta--r1 by !u.atiiv. tC 

;1f.'i7.c1r., r7t-.1...,. to drivn ,.)ff 

pyro!'hyllItn nnd nuscovite, er>olin: de:m 	a 'oine Lcloq 	implran 
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tora:m, ratIl're of riu,nrtz nnd then rchcAino. Tn tUs nay Llle hydrous 

minrals rePre rendered thermally inert an-1  the urea of the isolated 

quartz 1)eak could ;me measured fer amuutitative erter7dre,tion. 

The usefulness of t:lie techlore, by lib:Leh the cliange 

, toight  cf a siso 1  continuously recordeG1 	 nt a 

counaut ratc, is 	ciir  to thnt of WeA. lhe difficultirs encountered 

in otteulptiu to 1 ,4rc lial.quantitaUme nr quantitative rwasnrornts 

ore also  s, ii 	fu thin invont!,,!,ntea 	na.)arstr. 	ed is a 

standard  tth1 ce u pbotographically.recoriline Chevntlard thermal 

balance equipped  :1. th  a continuous tecratnre-recording m3chunism. 

weight.lozs of hyrirated, 	wuch r4s muscovite 

and pyrophyllite usually  tans  place over a falrly rfide temperature 

range, even nt slow hr,ati 	rates. f)artIclo sime en1 tr dogroe of 

crystallinit.! also intronce other, •loorly.knoun conp/exities. 

the rOght-loss curves are reprod'Iced on the  sane 

shetàts us tho correty)ooling  .)TA  curves for couveninee. 

3qpn1p 1:.FU (iUeru;11  .Q.nrve 1 1 1),  

Thia curvi 	kr,c 	 tr hel In VA) stncee. 

Thv f!rst conclee ut abvut 470°C,, r<3ach3e u laxtmn1 rate at "5°C 

and boginu to slo do.m again et about 6500c. ïhe secou• staga serms .  

tu affaot 	J -10 	or  !i' 	:àt f7 c:0°0 and !74:., :4 al a strz:ight 

lino portion fro.n t:ern to about 825 °C  ,Icre it anufn decrAnnos. The 

iq colAmted at 8;/0 00 and totals 2.80%. 



Lual1a2-82i CilbretuUelm..2LU. 

In contrast to the record of th n nrnvons «mar, 

this one sa; a ach greater loss vhich corrfspoale tl au inere 

In lIrscovite 	n redretion in nuartz content. 'diere 11 a slow 

loss oe Wiht ntiz , nable from the beginhlw.; of the CUTVR at 100°C 

until the 7.1e0or loan beginu nt abort 4C0°C. It rrachts a rluci'lri 

roto about 5,'5°C and tIle curve begins to flatteo at abort ;'25°C.Ïhe 

Ions of weight ln complltnd at about 8i.0°C and totals 

CUeq. 1B)  

In this curve featurrs z>id lu both of the rrnvious 

oncs pre ohnorved. «qtnre Is a slo decrease lu r!:1Êt fr(, 1 100°C to 

about 425°C where the rat t of ions be0.n£: to learcaso.  The mextrInm 

rate lu reached about 590°C and is naintalnad to abort 6(0°C. UhPre 

is  ai  chance. at 30°C, to a secorl stage with a lowed' rote r.q> ions 

which continues uatil about ffl90°t.:. ;:he total ,:taiett loss in 3.91%. 

,Pyronhy1l1I9 (Curve 49)  

The serlplé of prre pyrophyllite frol Aaley ;:orth 

Carolina nrodeed o curve with ono clearly-drlined st oge of dehydration. 

the woinht-lo:Is begins at about 450°C n ,11 	coplrted nt 850°C. 

It sould be noted that thé total loss of  .13T Ii  greater than the 

theoretical  "inter  content of pyrophyllito (5.0e). -Ole fact that no 

watrr 	 pet> below 400°C sucgents that intnrrticle or 

absorbed «outer wan not likely the sorrce of this nmccsn. A $mall amount 

of kr.linite nav te the rnoron for It. 

c(.1,MItn (17Yes  'LI, 5C)  
Th. ne t!.m) curVes  U  li  b  nt e 	at r.,;t In linlr:ht..lo: - s 

nfirtlele SIZP. d !4Peetnr c! . 	:Imecovite 	thint 
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stufn in vntr'ictf:^t to Corttan ;ra!rs;3 in. z:#ir :cation. zhla i'ac:ts

Fall4.`ti' 141 to on t,:7io l0:;..a1,.Fill

m?lfi!;!'ifil can I-A i.ü1ti0r1 a-', t:);" ,r,t<if+î In ii tjt:^`; :3# tt£i IsZd,iCFi-

t.tr,ai kv' :zc: l.:.st.r;."btltio:i of tlic! n1i-iit.t. 'incke pvtrifs^itiri ocer,,r9 lti

csr.?,.r e.t?rt,^l n ;.;ru9-,ii -..f t• :t® m, uaaovita••,pyrorhp3,l;e'.s 14snc^^^^laf;e it

1S`•LS.it I)f.t COl1t?:ftie;.1 J.°1 o,i3 ^:T9CE'lVittI. .•Zlf° CrjFatlil :itr"'.̀ I:mn of

ni^f'Ltr)l^;t^^^t;tr 1^3 t3`t.^,t! A11:at 1 t CSil:^°^tl; .^CC;^^^^?Q.ifst ^1 ;!f1^ V+:xl^T't ^h l: ^}^34^

of t•'3 1^ z?Cf Q; .f é^ ^.

Cte32.

In rntsryov± te ,:;Lt'tlc t^tra

it in .'.l.°.3:i C9b$QrS/FS:; i1j 'rtîf{ ^3 wiF:^fOf;'{ !^?L`t ^^ti!'f ^ tiSlâi^r v;dE3
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IqC:! i1l1Ci

►̂ ,^:^ xi th th') V'Trt3j'hÿl2{ tfi• alCsrf) t:o h6t

lS. t *. ^qt ' L'^ra ^• tl^+ f,fi^l+i x J1̂L.Ltw`,, ;^.+it;ii. * ^+e 1:â:P' ^.i10y

for ^,^.t;f^T`^ttiQt:^ ^ . •^. ^1)U^l^ ^C t14t^T'elE^.

^^i^.c_C,(; ..^. a ^ ZLIa'`=t' ...

^•r?
o t.h2tti r f`'"' i rGl

►?û2`^^U^. C!'^i ,^.^G^^^. ^3ït^;' if^^ :^!'^ F`urr` e c.i 1^^ ^ on '-^?rF s

!TFl qC? f:h:A

ît'^n.^i

vt;^t ;^; tf•er:i::i ^^ c^. -.â`^^;t^•a .t! rLrt.l-na ^!:att^;^ t^.;^l .^;^^e2 P^.:^ r=.^ e,ttiy^'•^-` ^^V ^•^t

%,

1-:1 Z V` . CT^j I . f! ?y S Fl ^p^ 1} ,n'1 tl C^ V$ :r : •`^.^ ♦ 41,^{r1f Z2'"ltr.' C!!I .`^1 t.!^@

11.^.L1itfJ. "it:^S:i?:i.^ i)f^' ; i; t;iF';1. t ^ 'C3 ^ ^ :^^ ,^• ^. ^. .^^•,:^• . . ^J^- :^FLF;J' ., in
^.^(i^ir ^)^' ^.t^•^, ?

"^.^;^ :i2":^^ i)ti^:lfi!t ^^i !;{'^ Î{ ^T^II +:? S..^i t .

to r.tZubie itw."i a;ti;te ;Zc„). t-tair.i j.zt, -) !: 4 ,^ ^;r, le.



Si02 
Al203 
K20 
Na20 
L.O.I. 

Total 

56.01%,  • 	 73.02% 

	

31670 	 21.22 

	

5 •33 	 0.26 

	

0.25 	 0.10 

	

4_1 80 	 3.99  

98 .09 	 98.59 
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civolpn AMLY8ES (mImus BRANCH G.A.KENT ANgMU)_ 

11E51-1SULLL. ..itilarLD EEILIM1le_M1111 All_ (finlp_IProduct) 

14.0 

0.06 

$.43 

Weight Loss 	 :?,q0 	 3.91  
(Thermal Balance) 

Tho determination of the weight loss by means of 

the thermal balance resulted in values slightly lo v er than those 

determined by the standard L.O.I. technique. The difference is, 

principally, the result of the application of a correction for the 

small amount of water taken up by the sample during handling and 

weighing. It is unlikely that the error introduced in this way 

would be so large as to be significant in most applications. However, 

it is critical in the quantitative calculations of this investigation. 

The mineralogical composition of each sample was 

calculated in the following manner, using as guides the qualitative 

X-ray, microscopic and thermal determinations. The alkalies were 

first assigned to muscovite (potassium mica) and to paragonite (the 

sodium analogue of muscovite). It will be understood, of course, 

that 'bite alkalies are likely present e in the rock, in only one mineral, 

a muscovite with part of the potassium replaced by sodium. After 

subtracting the requisite amounts of silica, alumina and water (weight 

loss determination), the remaining alumina was first assigned to 

pyrophyllite. Since all water remaining could not be included in this 
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1111r 

A;111nt or ,yrophyllit( it WA3 necensary to 	v11, prnrortIonally, 

the7, l!attr z;n1 	bet400n prrorh711ito (5.CUe 1120) and 

(14 .0% 

tha lotfœt7on of small 

juutification for 	.5 ■ -: . :)rednrce in 

nnuntt of :1..o1inite e  by 1.1%:iy diffreetlon, 

in nrin of Mir% natttrial. Th% roininz 

a z)rasuro of tlfi ylartS content, 

° 1ï 	f 

van ('cvnUcrAd to be 

;?Inicovito 
Furagualt 
Pyrophyllite 
Ye.aolt.ite 
;Iiiirtz (dirt.) 

Totul 

y...9? ('lna P111), 

Muicovito 
Paragonito 
i'yro.hy11t  te  
Knollete 
4aartz (diff.) 

e' l°2  

0.621. 0.52 
0.30 0.35 
27.70 11.74 
2.10 1.77 
50.10 

().82 	14.38 

	

20.6e 	17.3C 

	

1.5 	1.2 

	

P9.3 	11.4 
0.79 

3.7 

1120 	Y20 	me0 
••••■■■••/M. 	 OM•••••Mlo 	 Mae.DIM.M18111  

0.06g 0.167. » 

	

0,03 	- 	40.136Z 

	

1.08 	. 
0.63 

già 

IMMIMMIM 	 MIM•■•••■•••MIII 	 •••••••••••■• 

0.10 0.C6 

112.2 

5.13 t. 
V.15 
2.19 
0.28 
e_e 	 ace  

Total 

1.36g 
0.74 

41.52 
4.50 
50.10 

98.22 

jgrLL  

t›5.35; 
3.10 

4-3.9 
7,).0 
3.7 «Om tie 

MMIM 

MMM 

MMM 

MIMM 

MMIM 

-Mae 

MMM 

C .25 7; 

IMIIMMomerMa M.1.0•11M1111M111. mmemnow■ 	•••••■••/../MM 

o ta l 56.0 	31.7 4 • c4) 	r:.*Ja 	0.'>5 98.0 



Ne0 

ee.* 

0. 10 Z 
Iffle.M 

eeMeffl 

...MemeM 

Yotq. 

1,24 

3.31 
26.08 

0. :LK 
n8 

0.47 

U20 

1.10.FM 

KpO 

(1,2 
Yee.» 

73.02 3.91 .0.26 	0.10 
eque......Nemon 

Total :;>1.22 

eveneuro..../ 

ste21m 

S; A re, 1121.1111,...U.I'f.i.i....0.1Se.LIciA.f,i 	 êont'd) 

mm-J1 1_1=m41.bulauzI). 
eto2 	A.1.2.0,3.  

Meneorltn 	 1.01  2  
Peirbgonite 	0,59 	0.49 
Pyroptly.211t 	43 08 	18.9 
Keolle'e.e 	 1.54 	1.30 
quartz (diff.) 	26.08 MVO,. 

For thc purposea of tee cfaculatlow3 tir  nrrors 

introdnowl by lethdn, the nmall L -unts or sassurlte and ',:u)lnit 

ern 
 

flot great. Iron, lagmeum u10 titanfum ère 	 nœ5t 

plenMfri  o. t4e othnr cation 	resent. ns silicates thev would 
claim -:;one of the silica and, 11.1zny„ orae of t'•(3 	v;Moh 

would rçsillt in n ii . htdeicreaso In the. =vart  z vvlue. 

thne Ilould not ar'elot thG calculate« vnlue. 

VI_MILLOget.e/ 

2Lnaaaura 
einse ealples worn roc ,,dved  In  l'Aee for  of hnd 

specimens consisting, ln mot,lt cases, or h ninln frarlont. Th  a frag-. 
montc wore extimlned clonnly uwier lo.pomr mgnificatcrl and ono 

thin sactioqvnfrot from cach e  perpe,twU'lliar to follution, if any. 

Ropresontative portions of tbe fvagments end selected portions of 

anything tIlat t*pnarcd tD bo rnuaual fflrc sta)rlittenl to 	diffrnetion 

analysis, 

oxidos 



4‘rt 	tebetitior !»: 	 .:11artz 

OnAll 

suzipla îft rolpmed or 	very fln41.i.aqulned, 

houdazanuona l  q:a$41.eu rook ulth en !.rrégullur 	concholdal 

rr;tetre. It !;cin  i diatInctly aoapy feol 	o3t :se eeratched 

cert1;t? elt!li a rwtelle .  

Di  lieay photograph anewa 	rj;e1 :attnrn or 

pyrhyllIte, In !..Un 3uct1el; 11 In f. ounl to be 	honoi;eneons 

-luau oe r,1;iett 	thnn r.03 n1 In sleo, Tt • rt 	n row [ruill,• 

opagne, fn!to 	or oulluanOte 4 1 1 qC11 6 Zernttl •  f:(rit or tfte 

eralu or 1*.e luttnr aeo very 	i1iutr, oug:let e re4 Lre un large 

au 0.05 m,  Th lurger ouea ere nubhadrul and eluant ln ehure 

ulth nhv 	 ulke t'unl trz;nalut. A fetnt ronIng 

13 vIr,W.e› in aocie. of  the eesita 0.4Ina„ 

7:1 ,1 tfpeolnen repra#A:t2  t 1;:e11.rirle pyroiqbelkItu 

t!;ut uhee/1 	L; 10,1r In etkallu aG1 	11; i...11e=!ell:, th:in t;lo 

ell>d Product. 

iunaiLL.A5111,2 

Cru gmat 	tta; ttale 	4 Cl....1neti ll  

liOlt«groy, to:;oeenrowl lenmo 	ï1; ln 	fl L:.•- pïiruu!ti 

:I4.rattular fraet , r* m;.1  ;4 - 	tel te 1"4,1elt1e  r  nurty ln 

ilor/oe1to3. 

e>ru 	very uel::yroph71.1.f.te h70 1-IcewvIte :1711qt. 

lu 	moeU.on 	e grnne:r 	 r!th 

rulhn 	0,01 qn :Ind a 1'411 he 1,,irge ea 0•/0 nm, 

.4:11 lieeelotilte tiro prese-tt In ver? 



M2 3.1* 

scatterwt throui, thr tIlerogreeolr eartz ar.rre - ate. hrt 

oleo a few small ?lacers of fine.nrainml, opalue,alte sausrite 
un1 some zolsite. 

aerite  ki-làausLal 
p 

'Chit* aecimen la mdn/er three, frau&ntin rf n fine. 

grei•ed, homelqentJav, 	 ?uc!t. 	frawwnts are much 
tmo 	full (m.q1) t.,.at4Jr10. In 	v11; rloate for-n, a 

solIntP,-y r:rbctl:re. ek•, externally, éJ g!ltired : , :terwece. Oa 	Rewn 

IPtrfacei, tiever, they eivenr t% be n:nnetve e•Y.: unfolinted ., 

	

prorlaunt pyro;i,yU.i.t 	trn 	n weeer 
mnscavite 	ttern Y.1tPs If:, the ...ray picture. 

	

Mcrosco”ic examinatloa 	 leetrn shofes tbat 
the mfrorhyllito 	Trscovtte› ern trt 	111...;e1 rino-rrw;:itPd ie  

Cu  rixttlre 	taxinum Grain gimn rf  bot  0.e;' mm, 

arel!ntm Dr fine.grall quatrtx, ::aneearlte and raluite arr oleo 

preueat. 

:thla rook diftere frcl 	provo :c CYÉ,S ln Utlng 

variubin in rolomT. It Ie a fine, 	ta,!=el 	 Irrev,ular 

to rounded areao (fr«e»ts?) of 11»:7ht-Lren 	 , ath phres 

are hatd, 41. 'i i ,  burely scratched Ly u ae, rdle, 

The Y.-ray :11rtnre :' ,,u;erts t nt it 	ri ,, ceetine! or 

noartz Ifit» 	PgravIte ard prophyllito. 

Li thin section trem• Is t)n in , qutinrt -max of 

irrelar , 1 , 1&rtic 	 ftvet...rol.tpC 	 n:).1 

erattr. , redti tVJ. 	he 	 ‘141 tY1 'alzed (If 
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thia ecoMon in 	Cr fIne.gralPed. quartz 

(up to r.f •; 	Atzb irre4u1%tr 	fnrophyllit fIttNes 

(about 0,01 rcl), 	tiro also 1 few i‘erophyllitc .;;i1/or muscovite 

scinlnts, "fhe rel- in likely  s shcarel, ottered rragle:atal 

rattl feort coneentrile 0 ,18 or pyrophyllite• 

The cinlo trauuctt la 	18 	 1m 	rinr.ralnrd, 

dc7se, soft, grcia't 	›c:!t with ecow yrny,tç iArez.(s,  t 18 eloneate 

ulth i plintnry fracture evil 4 ‘ , Peulve, unfolibted ntructure. Thor. 

trn 	1.rrce1jlur, iturd, light.green areas •  Che.: .rock Is nlfniInr to 

thz,t fror, A.no 

.n.rty pictIrres slur/ that 	,11.1a einu of Wit rock la 

pyrophyllito with a sz■lall proportion of muscovite, ïhn crey tutees are 
pure pyrophyllin ;end tt.e harei eroen arecs rcrnolt conentrktions 

of quartz a ni  chlorite Ithlch nurnly callsna the green colour even 

thouh It cannot he rwiclvol 	 n the . ..rey pictures. 

Microscopically, ln thin ntAion, tl:c rook is a mass 

or finr.grainrd pyrophyllit* wet -iuncovite 	.0 of flakes about 

(„01 me in st. 	aru ncatterel lenina or sess,brite and 

irrnguLir masses of course.grained (tin  to 0,1 om) te,r.lgutes of 

pyrhylIlte„ 

?hie e.tc': iv finr. , :rained„ ;1‘rfy 	amine qith 

eaindolla oatIla , n of -;at uere likely orlIw41 	 :t • rather 

hard but ccui he ncrIltche4 hy a needle, â rcw grue 	x-t..«1 ore 

thal 	re-7a1n1er„ 	frtenre is uneven. 

rho ..rtiV Pictures eeK , v! 	t;.t 	ln :-redomlneIntly 
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quartz 14th 	relomnts of ryrouhyllitt enl musrovite, 7Zhe 

sort grrAn m,ots bre coneentraUca5 or tLe 	t'0. 

In titIn !;rettoo 	 mEle Cf tiI roc lc 

ro.i.osed or  quartz  gruinn nr, to C.02 tn in r!.ïe,  A_th ,!brielo 

concentratons :Jr !Irrophylllt and luscovito, 'Zhu concentrat'ons 

representml by the coten :5p-rats - jr Le psendonorphous ;:ftbr a 

primry constituent. Volniete: 3f pyrz0v1Iite anl /or  mulcovito 

und quartz cut  ti  rock, rhey arc ull linch coLrsAr tan :C!c rest 

of t;it,  twctIon, 

ri'Ul roe:: Ir. obvlull 	fr;:tc'.01 	 tn be 

tt) P-84 (nsta. 1;ock).  "o 	r tY.1 re- fipint 1,rfi ;te to 

1 ,MIn t 	 1, 13.1 in 

roioqr, iht :catrly is linht-grf , tn, Ilard 	drest e  

zonPe or rc.t 	oxilec are v4:;lne 

plets 	tH.t eeiTe'tc 14.1 ■«:rvt!%t In 

gletlItan 	 tmartz, anl co -c r"tire'rtei, 

In thin ::ection 	 t'e 

rreig'-rrtrc 	ttetr vve CVfital, f1 rtr. (lcss 

t'uinI.O7 Ye) eitr'. vurïnble eeol:ntg cf f:1 	 ele,rite, :he 

fraweinte contain a el4a1er wiotenr. of -”selvite 

1.crtz In tlovt cases. : or'  111rI1ar banls urp 	 In 

grnin..; are 'urger Ulan n.02 um, "alb 	0.arn rrag fits Ar0 VO›!!ed 

or eb1orite :dtn e ,lbordinuto rmartn and (rmenvittig, 



grenad (irts 

opagno 

ma •  !”(t eithelr 

le 1$ ObV1O 1 tn.17 
a.  

eGlour. lt6 2.nerm nre of varinç wIzilee ucen 
Wei 	tti 	 41.fi opporeot luiporte: r 	 is11.« 

1111■2; 

cunat..L.A5AL12.,L,191 

This  rock ln a ilm-eralneil le  ft rock pith 
u mottic• , , light-,:reeu colour 	ou Irregular to eoncholdel 
rr btrC 

Ln 	PDT/der :iicture shor:a only t;:e ',attcrau of 

Viorosco»ioully, It is o 'Ir£521ve, lutfoliated, fine. 

C.04 rdt) nane of p - rophyll 	scattoàred 

of s/v1!:e4 , •rite r,1 reldish lt.c 	0-a(7), .one 0.4ina 

mlertz or hotel nectloun nr (1.1or ,:rh 	of 
pyrmhyllite. 

llterial It tÀ1-1Dret floM-dchl 	4 • nrance t> 

%.rny rtettern IP zitto Ultt e.1* 

!-Zicroncoplcelly thls t"OC lez protl.cully Yàont!cal 
tl 	orfv10, 1r st!u,le but th  m sileton eofit.;i1!. 12 trèe 	eulhodrul 
gruin ot i coluorlems to light.grGei 	 morYorate titre. 

rq  

rribeenoe .1ad nxtrely high relief (r!ricou?). 11 ,11!fl arti 

selka1 kralma of .1.1tIte g, Thel.se t*) r.117.ne 	rj1 	 cvtf:41.n 

:l'oport,onm cr o?roohyllite tba 	Cr 	Mite nnripl'e 

al:Vatted. 

111A roc%: frtj.mont 	• 

of agedületbYy oriOn.  t In finr:Anto, 	 i;roten ln 

or tV fruw , - r'  h' ernegnmbedlln: 
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the rock :f;atherl 'ÏMto. X.rey nletores 	 quartz, chlorite 
und muncoutte n7e4 ,rominc»:t constitufInts. 

/r tA.0 afteVons 	 •)1(1 evIdant s  
rounded erains of ipqlrtz era a fine-rillwd q  rtciu, rock being 
the rIont plotif1-1 	;.- Lria of fratel. 	 - nu ,su elf flne... 
grained 1»41or5te re77. (4nt te 	 frat5 	are 
visible murre,opieally. Y.he ratrix 	oor7101411 	h fine...grained 

l'tscovita. 	 .; Is 	distin;ulle!rible, 
c',10-Itfs .;et be 1issm,7ilaatel 	 to -ivçl It the 

greea . colour. Opaqqe . t0.to  ;7e $ s 	nnurswrite( ) nr (  scattlred 
throu -out. 

Upetalt  

ThIs serfple is a eInfea fragIlent of R meleum.grained 
roc lf tsel.1 hetS beers mearç.d. Lionots 	arts  

some pyrophyllit4 re vlble on tht slip e-faceg, 	zmall Vuflgy 
zotAls 	presst, 

!.lernseopleally, It 1!: 	.)ftrd if a zutl7red tggregate 
of ouarta grains .A7,  tO 1 '1,f-4 in al7e ';;.Y.Vi‘ a et11.1 	of intar• 
stitial Dyrohyllite e  'ate quartz e,reins fare, clod by a profIlsion 
of t..41-e 	 .?t r.'ir , ” 5 er:rops ( ).ne, e; • In)  J 1 1 1 e21 	unp*ale, 
wittt 	row exeeptions, to he isotrarle. 

s'4,13VÇ.;;UAle/ 

rhil nne-; : rainnd, ongn ro 	eon! 

white tO 	 Areas (fraints?) in a 11 , 111.:- , f , 	It 
is t'wered ald cannot be reratehed with 4 needle., 

tmes of mnrtz anl 

emuirtmose 
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r2 7-ray A..et ,tr“ 	 tirtz 

pattern an1 u o'crntn7 gtrfl,;7 	 , , rtl 

raintntleq cf Vle reuetcovite banO. rtf1evtn. 	- 

1.1 thin nentl.en 	re.e. In see te be reoned 

of anhedrel ziartz crutna (ubout 0.1 7. -mi) unl roneontrutions ef 

pyruphyillt11. t'yrapyUlte tt. ni.lu) ceatternd trol.mh rhu. -uurtz. 

vninirt  cf  -ure . eualrt 	 tho :kre'Von inte t-n treq.e. 

Of  t . ..cr:a In ro17 -c1 oC equent, euhndrel quarts gralnu. %1Ir cier 

COnta5.1in 	 lire enhedral but roelhnt eio?vatel 41111 i:atie 

ii  prefurrui ericutlitton •  

,;n1.123.a Lemr!9Me.e.1.r>1 

drono 	:41&o eoeahin 

indi2tinet, 

 

:rd 	1 4;f) 'Irons (frutnintn") in 	Foft..r, 1 1.;:t-c'een 

outrix. .Zt tn R174 , t,reel l  A.th pyrophyllito contirm nm 81ip nurrliess. 

:Oaf, '.!....ray picture 14 rnde Pi) of 7.1zOorntely ntrong 

pyrophyllite And cruIrtz patterns with, PonTillay, a vor7 venk 

miseovitel :nttiqrn. 

erencopica11y, P.: in eonoolol cf fino-erulned 

quartz (›sa than 0.02 en) u.t th I  tn 	11 -fienov 	crattored 

1lq-7eu cf pyrophyllite. Jlere wet c10 Icrne 

ot f;.trIss‘irite. 

el..;J$11 opalr.,  .1) 4;.te MuSSO8 

OPCT»: 19t1.:;  

A cc -11t1ol oe 	 'r' 	r!  

difIrtictl,on fcr e ,1 enttfleatiol nf nn c!) ,IntItIlentn, qf.th cheuleal 

wullymis for u veItttntive bnerp, w4is ferni 	he V.e 

catIllructory 	rf lavcostitioq ror 	(murtr.py-rophyl/Ite. 

mulmovIte 	 ::(11 4mtve rti 	 91 Y0  frctl_onrition 
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;m1p1tcl itch eddlUenui intormet 4 on. The two thprmal proronres 

tnvestlguted inre four0 to he lens taforttve,  r 	f1ybeeunee 

thr iepenel tion elehydratton nhurActerlstics„ Olieh n ro  notorlounly 

senitiv to 	cl -i varli.bles es crynttl'nlee, e!egree of ftl.:iCrItty 

rr1 WatIng rate, In ndetton, the dchyqration 24toceeem; of t.lc 

hydrous compeannt!) In elese saml)es ortar c.vnr 	satl 1‘7,tric rnne.e 

or temperature. 

The ninera1ogien1 eirl'onle-.1.onn We  t,a tree uww,lms 

*re 1est1itotd 1nt:n1  V 1 	r 	n:- 1;!; In Vse::Ç11Oifl , titblet 

Pyrophyliltet 
nmcc4vIte 

'.iuttrtz 
Kno/tnIte  

41.5 

50.1 
4.5 
1  

:i_CIttie !t1  

43.9 
48,4 
3.7 
w. 0 
1 • 

z. • 

3.5 
P5.7 
2.5 

z 1 • 
le 

The rocks nre extrelely ftw%-rrhinel to;‘?,rtes tn 

ohlch 	eo:Lntltueuts urp ..tr.Lnately sm>c!uted. 

(M.-81) eoutal 4n 	quertr.rteh frngments(?) In a soft, 

PYruelyillte.rich -ntrIx. 'ate qnurtz tind 	 crc tuttAely 

hn4envqr, in kt 	oc:4 1 1 	frvrtr 	;-ro fumnd 

call' rarely :tn4 n Yew, ':..-1iic 	ftZ  'H 	lyr .:.;y11.1te 

uadior mnmeovtte were .,111eurved, 	 U:')  ri a 

'Itercrannknr negrf)e, 	- 1, !menvIt,. 

b" nta1u1,1 trsts, 
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.6iZe rrfct1orar>t1ati -,f pcrt.inr::: of t1Eo

74 h.1lC:rons^

s,;°-lv in 11baratoct Lit a ^li '^Ÿt,r f!on.rir,:r ^is!o and

the n±ascovita-rir.iY ^,,;tpr1s3. 1w *.°a•°!;'o^sf^1 of notxo°'irn.^t,11C i,ra1ns at

rxx b1fghtly ffnsrr .*,ifm.

iI'tr S`r i"tr:t?Ci Si? m,'+;' 7'f^Ci7f?j`

wErSâ^1As3 Wit !.Arc t!(J^'t^^iéi^r of i:! -3 ,iAl ! r:i

f,:^sp:^uls.^^^ i.e. ^^^:r,rt :• ^ Yror^h,.73.^t^, ► :^ig^^ovito^ ^c^^^x.*.r. ,^n^

^^1-Lht In soron canas, o'hiorïtes and/or t:aoli7ilfio. 'Voi ur

san,,tt:s tire pyrophyllites

'^-i^i„ :;0 1!1 i^^^^E 't âhes *.;,Ï .A,.•, ç:, ,^,^ar r >^;►rnphyllita^ • ) S (- O•^.1). t3 : II ^. j.. ^. ,

co!:t:Fc17t f.f+t;t In tof t)r hl}<<grYr Fhvtl, r?'.Ll7; t.i,
.,,r

.•i.?Qd

ilro<lcact t^^-^3.3)• Unn sw;az31o, .^.•i6ti('ta.^) is rrr;),=irf:cst1y i:?r?:tt,ic.;l

to .,1110 *,'i.Il str3nle (?^..82) vrr1 rt^^':an^^?; ^:9r:ci;>>tTly of

7yrn;)hy111f:c ar:â t-ntncovit.a .1.,i a1.^ti^jr rrotxor. *.4nn:;, 'ho :artn-

pyrophyllito :e--rze•Ibln{;c siraibtir to (Uvtsl 'oec3rry) 1`; 's'tia',n by

ttn s;,:^a^c^^fa:ls ^ ►t..^r;t( t,1o.14 )

fruw^--msita! ^:4it t+.•,^, ;jvo, f^. r•tl 3t.Iinïwi:; :•,. onot-ts In it szot'tttr

pyropltvlls tr-..r ich ^ ;ut.rix. .,tonalor ,-r^^it ( ^to.`^ ) :f ► : { _^^,^,,^ ,U•C) "^rc3

rlli:tl"ly lt3Ei[if;scFEl f:f7 l:aT";:Ii3 C>i ia:it:t4 ock (--9-1) , •71`dt

six ^ar<^ rc;' -o-rt?q nrn^7e^•.,, r3.:nt^ ., c^^ rrir±r.^ ;^, ..r' ttEem•

r'-«^+';( IIJ.x^) .'1^ `^^^t^Cl^ ^^vFa *,2^r3Y.^n;tt.^^'^ tt:'.tt•t'ar^ C•. (^tt:" +.CT'c^

a> > [,.i^. ^Ia ikt'? .1r mat, âi' nr-ho:?t;d ,.1;r^rL NO:'f3 1`t7'r!^_1f'J1r.::L ''^ ' ^ i tfi l1 2' i??EE► I`..•^ ► tF3.`:

or !t,-nr Lz ^Yr^, ±.l/'.a•^^{^Ÿ`:^ ^ '1AwS6r1( !o•,".); 'S-`^! ''`^ ,`^•t), 2 ^-4iJ•. ( 41E1'1

^r^Q: ^^^o•i^ 3• ^^rt lvrfsi^. (9t:m Crl^ ^`f !i ;1^;)", :t .:3 lr1+r1 7 ^! i'i?^if ^^ y :^:'. ^;rc^ !t•
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(110 n alple, !,.35d ts on  •qutemrulr quartz rock '  likely a 

lfetwlorpho.J0 quorttite e  

olthough it 19 not fçusiblo to lUcuse In dotall, 

tho oritin .tte, so rocks nithont correson!tin flfad Gvidonce, 

many or e.he ,ri. bonar 	be  1eriv,»1 from frtartnue 9c1t.lontar7 

roc;7 or varotlet ›AnIn. 1:bonn wlth 1111 ,,h prolortlons ot pyrophylllte 

an  i 	 - ri, of course, 	Ilf - fcult to :.).asess.  Th 	beence 

of tleattrinble z, .onatl of eoldnoarg 14 a notorny 	rzctrj 

a.11 	 oxamlned. 



eft. 141_1=  Isuk31,1.ctlau 	aotograph of frtigments 
eb!oiing equant shloe and irregular fracture. Ilagnification 
1 X, oblique illumination. 

LUAUS...41.ji=it..-!.1113.1.11111L.bia/ 	Photogruph of frag. 
ments o4ii f1onto shape and splintery frcturt. 
:Ugalfication 1 X, oblique illuinwtion. 

Çj 	 (c1/01) 	;Ilotouicrogre!Jh of poliLthed 
section etched with hydrofluoric aclo fu.'ez xJcholline 
Inartz.rich fragments (vehlte) in n pyrophyllite-rich ruitrix 
(black), iagnificatl.on 5 X,  vertical  

;'hotelicroraph nf a 
pollehed secton wtchod bith hyJrcfluoric bet!1 fot, e1 an4 
showine non-7.fragni:ntal structure, ftw iterontinuitioc reprr5ont 
grons fracturcs in tho rock. 



1(b) 

fig.2(u) Fig . 2 ( b) 
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atiti"litLUearat_ie . 	21oto7derograph of 
thin section shoviing large anhedral Irains of 

zoisits (high relief) In a fine.grained mans of 
pyrophyllite und quartz. lagnifieation 200 k, polrized 
transmitted light. 

rir_ %  1.(1,41 fea in 3(ü) with croened polarolds e  

LUA2-..1311. 	..t1.1-1P%111 	Photogierognoh 
a tUn ecetIon 	microgrannlar aggregatz of 
pyronhyllite and quartz vi .eh a rei, grain2 of sanssurlte 
(black), ïhe rmartz shows as r!lear arcas -eith low natal'. 
Uclnirication 200 X, polaried tranucattel liet, 

Ac ln 4(n) wi th errmsed polerotle. 
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FIg. 3(a)

Fig. 4 (a) Fig. 4(b)
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Ltuji_usa3y.ILLIM.11,  (Dull 	PhotonlerograPh of 
a thin nection sho7fing a microgrouuler LarPgate or 
pyrophyllite and quartz wit!1 sone saussurite (black) 
eLnd zoisito (high relief). gote tha large quartz 
grain in t! ,e braver left corner. tYagnirlaution 200 X, 
polarized tranznitted Melt. 

Jelee 5.0 )  Az in 5(a) with crossed polarolds. 

aluàisà...iu1P  r 	 of 
a in seetton sonring a quartz-rich even (lorer let), 
and  u pyrophyllite-rich area (uper left) con.aining 
rounded egregates or larger quartz grains,  The  
remander or the photograph is eomose(t or e microgranular 
aggregate of pyrophyllite and quartz, tignIfication NA, X, 
polarized tranenitted light. 

Fit!. 6(4)  As In 6(a) eith crossed polarolds. 
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aral_1(1,1111i  . F'1.  ( 	 Photo-dcrograph 
or a thin scction showin the contact heteeirl fine. 
grained quartzose tragment (top) and to coarser-grained 
onartzose matrix (bottom). Ikbth aro speckled by fine 
flakes  of -uscovite. A curved veinlet of musceetite or 
pyrophyllito is vinible in the matrix. 14egn1 ficution 60  11 
travsmItted, ! ,olarized light. 

ar. 9(b ).  As ln 9(e) with cro2sed polarolds. 

Ete»...1.0.111194.§  M-81 Pilkl2rOUPII . Photomicro-
graph rf +49 micron tragmnta ln an (ell imeervion nount 
(n  s 1.533) sho .Ang negl1ibc liheratIou or the 
con3tituents. - agnification 700 X, polarized, tran:Pnittcd. 
light. 

Fir. 10(h)  As  in 10(a) with eroened polaroldà. 



• 1111• 

Pig. 9(a) 

Pitt . 10 ( a ) 10 ( a ) 

9(b) 

• . 

«e.  •1",. 494 re4?• ,:.> 

W 1).1.e4ffilelnt 
t'iod 1 :,,feek .k7. 

e.. ■ à '1) acee'. 
• 1,,A 	s. 

ILISCERE 



7e_r 	e 	reri u  M■ 	ULIDd 	. Photomicrograph 
of +24 . 4. micron frageente In ou irancraion mount 
(n = 1.53) abezdng soc liilsration or constituents. gagni. 
fiction 200 X, polarized transmitted light. 

As ifq 11()  with crossed nolarolds. 

Fig-  1»(111.-I122141.2à0.1-Lillei-elnlia/ 	Photo7derograph 
of 4.1.;! . 24 micron fragmEnts In ri] imeer!o_on nount 
(n 1.538) sho./ing considerable libratIon of constitufinte. 
Magnification 00 X, polaridled transuitted light. 

itte. 12111)  ml in n(a) rith crossed polaroids. 



Fig. 11 (a) 
oie• 	 %—\71 

° 	J*—  

rte. 11(b) 



^f.^^-(.31_;^^' ^; 71Q . ^,-^^^i-r^ç^---^:x,4^??^t.,i - i^r3oto:^icro^;raU1^
of +^ - 1,': rnicro,.l £ra^:-ents i n ;,n oil in°icirsion :,ount
(n = 1.531 ) snowing the hi^i^^ st degree of liberatiorl of the
con:;ti.tuents. I<agnification 600 X; polarizadg trc,iizmi1;ted
light.

fip. 13 (b) As in 13(a), with crossrd poluroids.

Cl m W111) P}iotomicr. ograph
of a staiiiFCi thin section ^7itr•i ~`-r oolo+arFtc3 I;r^)ins ( r^f:dlum
relief) indir.ntrd by a.r o as; a..olsitQ (F3i„h r. fliel' ) and the
otber unstai.ried ?aatc:rial (lo- rclief ). ^^i^i t j.càt:ion
Gc.^0 X; polariw#.:clq tran3m3.*ted light.

k,ir. 14(h1 - As in 14(a)q with crAF.soii polaroicîs.
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e 40 

Elee—lallJUMU&IWU—le1PA A1112 	l':heonlerograPh 
of A thin noctIon mhowin Coined gralns (In(1.5.catad 
arrows) in un unstaind aggregate *  In th1.9 case.the 
dirisArnnec. in roll of 	71noh :Wt“; than In irig,14, 
Magnificat:Ion 600 Xt. polartmod, transFdtted light. 

11110,...,11Sla o. As in 15(a) with cross8d poIaroidso 

EleL.MILft:UMicalAWal_ell.152.,ftal_uunz 
Photogroph oe pollzhed sectIn or fruemnt 81 , nyring 
laminated e  fragmental natur of tfiE rock. ::otc, the leuticmlar 
and contorted beds and thn cros.beettIg ci!t arf by an 
unconforIty *  Magnification 1 %; obligne Illumination. 



Fig. 15(a) 

Fig. 16(a) 

Fig. 15(b) 
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SAMPLE NO.  M81 

THERMAL ' BALANCE 50 ° C/HR 

D.T.A. 12 ° C/MIN. 

THERMAL BALANCE (18) 

L 	1 	I 	I 	1 	1 	I 	1 	1 	1 	1 	Ii 	I 	1 	1  
100 	200 	300 	400 ... 	500 	- 	600 	700 	, 800 

TEMPERATURE DEGREES CENTIGRADE 
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4

100 200 300 400 500 600 700 800 900 1000

TEMPERATURE DEGREES CENTIGRADE



SAMPLE NO. M83

THERMAL BALANCE 50°C/HR.

D.T.A. l2°C/MIN.

THERMAL BALANCE (3B)

100 200 300 400 500 600 700 800 ..900 1000

TEMPERATURE DEGREES CENTIGRADE



PYROPHYLLITE • 

THERMAL BALANCE 50 ° C/HR. 

D.T.A. 12°C/MIN. 

THERMAL BALANCE (48) 

111■■ 
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1 	1 	1 	1 	1 	1 	1 	1 	1 	 1 	1 	1 	1 	1 	I 	1 	1 	1  
100 	200 	300 	400 	500 	600 	700 	, 800 	900 	1000 

TEMPERATURE DEGREES CENTIGRADE 	. 



MUSCOVITE 

THERMAL BALANCE 5 0 ° C/HR. 

D.T.A. 12 °  C/NIN. THERMAL BALANCE (58) 
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I 	I 	1 	1 	1 	I 	1 	1 	1 	I 	i 	1 	1  

100 	200 	300 	400 	500 	600 	700 	800 	900 	1000 
TEMPERATURE DEGREES CENTIGRADE 




