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ABSTRACT 
New d~t~ h~ye Ьееп obtaincd 

оп ancylite Ггот Согпов. Pennsyl· 
vania. Лпсуlitе. ~п orthorhombic 
mineral оГ composition (Се, La). 
(Sr. C~), (СО,), (ОН) •• ЗН 2О 
(thus а hydr;tted basic сзгЬопаtе 
оГ strootium. calcium, aod the 
ccrium group оГ '''гс carths) оссш. 
in mioutc . palc-pink crystals а! (Ье 
KCYSlone Тгарре Rock quarry, 
Согпов, Chcstcr County. Pennsyl­
vania. l\1ost crystals (the largest 
опс' аге 1-2 тт in length) pOS5ess 
but two form s: 1111) and 1120). 
Most оГ (Ье observed cryslal faces 
аге curved. The refractive indices 
аге: а = 1.654. (J .= 1.733, "1 = 1.772, 
birefringence 0.118, biaxial пева­
tivc wilh 2 V = 60-70 degrees, r ,у 
barcly perceplibIe. Лпсуlilе cryslals 
Ггот Сотов typically аге perched 
оп calcilC ог embedded in cellular 
calcile and quarlz maS5es. Х-гау 

pholographs give unil сеН dimen­
sions оГ: а = 4.97, Ь = 7.24, and с = 

В.5() А. Color effects in IЬе malerial 
сап Ье e.,plained оп (Ье basis of 
characteristic lanlhanide absorption 
bands and variations in incident 
light. 

\Vork оп Cornog ancylite Ьу the 
зU\hогs о! this р"рег was distributed 
as [ollows: MOnlgomery, review of 
earlier ,vork und literature, geology 
"пd оссиггепсе оГ ancylite, and 
descriptive mineralogy; Keidel. 
С'Умаl collecling. mineral ,ерага-
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tion and optical-absorption mеа­

surements: Wolfe, crystallographic 
data and х-гау analysis; Christian, 
х-гау f1uore scence spectroscopic 
analysis. 

Introduction 
Ancylite (unkylil) ,vas first dis­

coyered Ьу Gustuv Flink in 1897 а! 
Narsarsuk (Narssarssuk) пеаг the 
southweslerly tip of Greenland. Не 
described it four yeaгs later (Flink, 
190 1), including а chemical зпаlуsis 
Ьу R. Мзuzе lius. The tiny, pale­
yeHow, octahedral-like orthor­
ЬотЫс crystals, associated with 
parisite, cordylite, and aegirine ;п 

pockets within а nepheline-syenite 
complex , show curved [асе, wmch 
gave rise (о its паше (for "curved" 
in Greek) and cause extreme inac­
curacies in cryslallographic 
measurement. 

10 1923, S. G. Gordon collected 
extensively а! Narsa rsuk <lnd оЬ­
tained numerous specimens of 
ancylite. Не determined the optical 
properites, incorrectly givcn in the 
[irst edil ion о[ the Larsen optical 
tables (Larsen , 1921). Не reoriented 
the crystals with improved recogni­
tion о[ the forms and supplied new 
data оп interfacial angles and 
crystaHographic elements (Gordon, 
1925). Н is crystallographic and ор­
tical da ta аге those given lог аnсу­
Jil;: in Dano's Sysrem а/ Miner­
a/agy (7th ed. , yol. 2. 1951, рр. 

291-293). ТЬе crystallographic data 
given here [ог superior crystals 
[гот Pennsylyania ргоуе Gordon 
[о haye failed, а5 did Flink, in se­
curing satisfactory data оп inter­
facial angles and (Ье derived crys­
tallographic elements. 

Моге than а dozen оссuпеnсеs 
of ancylite haye Ьееп described 
since Flink 's original рарег. Most 

of the finds were made in Russia. 
Nea rly all аге found associaled ,vith 
carbonatcs апд alkalic igneous 
rocks. сhiеПу ,yenitic pegmatiles. 
Other Russ ian оссипепсе> Пау. 
bcen r;:ported тоге recently, 
moslly in rocks Iгот Ihe Kola 
Peninsula but also (гот similar 
Lypcs 01 alkalic rocks elsewhere. 
Distinct cryst"ls аге generaJly 
"bsent but, \\'here present, пауе 
formed уегу I"tc. 

Three occurrences have been 
described fгош localities in (Пс 
United Sla!es and Сапада. Ancylite 
was found in (Ье Bearpaw Моип· 
tain5 01 Montana (Ресога and Кеп, 
1953) in hydrothermal vcins associ· 
а ted with mafic and felsic alkalic 
igneous rocks. I t was later discov· 
ered in Ravalli County, Montana 
(Heinrich and Levinson, 1961) in 
carbonatic alkalic-type hydrother· 
таl уе; п. associated with тагЫе 
and amphibolitic gneisses. Man· 
darino, Harri s and Bradley (1965) 
recorded data for ап ancylile-like 
mineral Iгот St. Hilaire, Quebec, 
occurгing in nepheline-syenite 
pegmatities in ass"ciation with 
carbonates апд alkalic-type min· 
eral5; cert!!in of il5 properlies, as 
its pink ;sh color апд optical-ab· 
so rption effect" аге similar 10 (nose 
of [Ье crystals [гот Cornog de· 
sc ribed in thi5 рарег and ils ,·гау 
powder pattern is almosl idenlical 
...·ith those 01 crystals Iгот both 
Nararsuk and Cornog. . 

Where separations оГ (Ье fairly 
риге mincral Ьауе Ьееп made, 
chemical <lnalyses typically sho'v а 
ratio о! roughly 2: 1 for гаге earths 
(chiefly' Се and La) compared (о tnc 
sum о! Sr and Са, plus additional 
minor Sub5tituting cations. In mosl 
reported analyses Sr greatly exceeds 
Са. ТЬе pUblished analyses for Са· 
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rich and Sr-1ean (ог Sr-Cree) апсу-
1ite (ca1cio-ancylite being defined in 
Dana's System, р . 293, аs the end­
тетЬег with Са. Sr) refer in раг! 
to calcian aney1ite Сгот " nepheline­
syenite pegmatite in the Kola 
Peninsu1a (Tsehernik, 1923) and 
record Ьи! а single Оссипепсе оС 
"cakio-ancylite" (гот ал uncertain 
loca1ity in western Russia (Tscher­
nik, 1904). 

Geological Occurrence а! Cornog 
ТЬе origin!J1 discovery of !Jncylite 

а! (Ье Keystone Тгарре Rock quarry 
1/2 mi1e east of Cornog, Chester 
County, Ра ., 2 mi1es north оС 
Lyndell and аЬои! зо mi1es west 01 
Philadelphia , was made in (Ье шпе­
teen-forties Ьу S. G . Gordon. Не 
had difficulty in identifying the 
mineral, and seems оп1у to Ьауе 
mentioned the new find to others. 
This is why, Ьу the e"rly nineteen­
sixt ies and long after Gordon " 
death, по тоге than vague rumors 
persisted аЬои! а possible ОСсиг­
гепее оС ancylite at (Ье Keystone 
quarry. 

Iп 1965 R. М. Eisenhauer pieked 
up а 1005е fragment of amphibolite 
gneiS5 in the Keystone quarгy 
showing ,еуегаl minute pale-pink 
crystals assoeiated with well­
crystallized ca1cite, pyrite, and 
actinolite . Eisenhauer at опсе sus­
pected (Ье crystals might Ье 
ancylite, recalling the similar habit 
shown in Gordon's crystal drawing 
in Dana (Fig. 3). А single crysta1 
was determined to Ье ancylite Ьу 
ОПе оС the authors (А. М.) Ьу теап, 
о! its optical properties and х-гау 
powder pattern . Iп 1967 Keidel 
found тапу тоге 01 (Ье _ате сгу­
sta1s in smal1 calcite-lined cavities 
о! а large fre5hly-mined bIock о! 
amphibolite Iying пеаг the 
entrance to the Keystone quarry. 
АН 01 that material was studied at 
lafayette College. It was по! until 
1968, with quarry operations 
ahandoned, (Ьа! Keidel and Mont­
gomery were аЫе (о locate the 
souree оС the ancy1i!e а! the base 01 
(Ье quarry wall пеаг its northwest 
СОгпег (Fig. 1). 
. ТЬе Keystone quarry has ап 
lrregular ,Ьаре, measuring roughly 
700 {ее! northeast-southwes! Ьу 
500 {ее! northwest-southeast, and is 
пеаг1у 200 fee! deep а! its lower 
leye1. Quarrying has gone оп inter-
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Fig. 1. Мар 01 Keystone quarry, пеаг Cornog, Ра., showing geology 
and location 01 the ancylite zone. 

mittently from 1907 until 1968. ТЬе 
quarry was worked lог crushed 
road-metal material and massive 
bIocks Саг foundations and is now 
partly under water. During (Ье 
nineteen-fifties and sixties the 
quarry Ьесате а highly productive 
minera1 specimen locality, thanks (о 
the generous cooperation о! Н. Т. 
Ga1t, operator and owner until 1968. 
Iп the еаг1у sixties clinozoisite 
prisms оС large size were found in 
fracture fiJlings оС calcite and quartz 
in (Ье amphibolite near (Ье base 01 
the southeast \vall 01 the quarry. 
Blasting later exposed ореп pockets 
there (Fig. 1) in which were dis­
coyered ехсеllеп! crystall ized 
specimens 01 prehnite, actinolite, 
clinozoisite, axinite, titanitet apatile~ 
adularia, .. Ibite and quartz. Coatings 
оС hair-Jike actinolite (bysso1ite) 
occurred c10sely intergrown with 
those mineral s. Montgomery (1964) 

5uggested !h~t these pockets and 
their crystallized contents аге simi­
lаг (о Alpine-clelt minerals, where 
the chernical constituents 01 the 
pocket crysta1s Ьауе Ьееп derived 
Iгот (Ье wall-rock and the newly­
lormed species chieCly represent 
regenerated minerals сотmоп in, 
ог chemical1y related (о, the зd­
joining rocks . The newly-formed 
crystals at Cornog were deposited 
in (Ье cavities Ьу hydrotherrnal 
solutions which lirst attacked and 
leached (Ье wall-rock о/ some of its 
conslituents . А complex paragenetic 
sequence 01 minerals and ,еуегаl 
periods ot minerulizat ion Ьауе Ьееп 
inlerred 'ог these occurrences 
(Montgornery, 1969). No (гасе о! 

ancylite was eyer found in that раг! 
ofthe quurry. 

The rocks e)(posed in the Кеу-
5tone quarry аге most1y amphibolitic 
(hогпbIепdе-рlаgiосl.аsе) gneisses 
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Fig. 2. Наттег crosses most 01 
the 18-inch-wide ancylite zone 
exposed пеаг base 01 northwest 
согпег 01 Keystone quaггy wall. 
Northwesterly edge 01 zone is 
5 inches to right 01 end 01 ham­
тег. Note twisted gneissic band­
ing (end 01 handle) and vuggy 
rock with calcite-lined cavities 
below hammer. 

and migmatitic biotite gneisses. 
Лlsо present аге some dark bodies, 
,'егу finc-graincd and massivc, and 
тапу ,таllег, whitish, layer-like 
dikes of co"гse-grained gr"nttlC 
pcgmatite spotted Ьу abundant 
соаг,е, irregul", ог pod-sbaped, 
gr"ins of palc- (о dccp-bIuish 
quartz. ТЬе lаНег two rock typc, 
display cros,cutting relationship, 
\vith respect to (Ье foliated and well­
banded amphibolites which Bascom 
and Slose (1938) ineomplelel)' 
mappcd during early quarrying а,; 
"gabbroic gneiss" bclonging (о Ihe 
Precambrian Pickering Gneiss. ТЬе 
d:Hk. fine-grained bodics Ihey 
regardcd а> "metadiabase" dikcs 
о[ ,till lalcr Prccambrian age. ТЬе 
gcncral "геа is опе of уегу complex 
gcology, with (Ье Precambrian 
rocks Ьеге exposed forming раг! о! 
(Ье upfoldcd Honeybrook mass 
which grades \vest\\'ard into IЬе 
Minc Ridge anticlinc. 

The main раг! of (Ье quarry 
IS excavalcd in (Ье greeni5h-
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bIack, slrongly-banded amphibolitic 
gneisses in which (Ье whitish l,.yers 
of inlrusive pegmalite commonly 
occur, [гот lhin bands inlercalated 
wilh dark amphibolite bands up (о 
sill-like 'ауег> б ог 8 ['еСI thick and 
extending [ог hundreds of [ее! 
рагаllеl (о Ihe gneissic loliation. The 
dark fine-grained bodies, dark 
greenish-gray in color, аге iпеgulаг 
obscurely-defined masses exposed 
[п several places in the quarry walls 
"Ьеге (Ьеу арреаг 10 extend verti­
саllу [гот (Ье Поог (о (Ье lip of Ihe 
quап)'. ТЬеу measure up 10 20 [ее! 
аСГ05' in horizontal dimension and 
а! places distinctly cut acros' Ihe 
gneissic banding of Ihe surrounding 
amphibalite at " sbarp angle. ТЬе 
dark- and whilc-banded, migmatitic 
biotite gneis," in which thin, sheet­
like, bIackish biotite-rich layers 
sland out prominently, is almost 
entirely limiled 10 (Ье northwestern 
согпег of the quarry, (Ье northerly 
ramp-way агеа> below the north 
wall, and thc 700-foot-long ехро-

5ure of northerly quапу w,.H avcr­
loaking the Пlтр-wаУ5. А major 
conlact, although gradational, Ihus 
оссиг> along the агса of (Ье гатр­
"ау' between amphibolile gnei,s 
(о the soulheast and biotite gneiss 
10 (Ье northwest. Л zone, up (о 30 
[ее! wide, primarily of large-scale 
pegmatite dikes рагаllеl (о (Ье 
surrounding gneissic foliation lies 
along а good раг! о[ (Ье north­
casterly cnd of this contact. ТЬе 
strike of gnelssic foliation and 
banding throughoul Ihe qшнгу 

ranges [гот N30E (о N50E with а 
very steep, southeasterly dip aver­
aging about 70 degrees. 

The ancylite occUfrence [, limited 
(о опе narrow rock 7.0пе paraHeling 
the layering of the biotite gneiss 
псаг the base 01 (Ье northwesterly 
сог"ег of the quarry wall. The 
gneiss Ьеге [ог some lens о! [ее! 
both noгlh and south 01 Ihe ancylite 
zone consists mainly о! а dark-and­
light interlayering of gray-black, 
biotite-rich, granulitic bands, 
usually less (Ьап ап inch thick and 
sometimes almost whollv biotite 
films and shects, with whi-lish, peg­
matitie layers. ТЬе latter арреаг (о 
Ье 01 later origin (Ьап Ihe biotite­
гich bands, possibIy injected into 
(Ье host roek а, thin sheels of grani­
lic magma 50 as 10 Ьесоте inler­
laycred with it in lit-par-lit fashion. 

The resultant well-banded gneiss 
thus тау Ье termed а migmalite. 
ТЬе thicknes5 of ind'ividual 'ауег. 
о! biolite gneiss and of pegmalile 
yaries [гот les5 Ihan ап inch (о тоге 
(Ьап б inches. 

The almost yerlical, layer-like, 
ancylite-bearing zonc within the 
migmatitic biotite gneiss is about 
eighleen inches wide harizonlally 
and extends [гот (Ье quarry Поог 
upward [ог aboul 20 feet in (Ье wall 
аЬоуе, "Ьеге it pinches ои! ог 
changes character 50 as (о Ьесоте 
indistinguishabIc Iгот the 'UГ­
rounding gneiss. This ,опе is dis­
tinguished [гот (Ье "djacent rocks 
Ьу the: (1) irregul'H, deformed and 
twisted attitude of its gncissic 
layering; (2) presence of numerous 
iпеgulаг cavities, [гот narrow 
curying ареп Iractures ап inch ог 
("о long (о lenticular pockets 
seycral inches wide and 8 ог 10 
inches in length, part!y paralleling 
but also ath "аГI the associated 
gneissic banding: (3) abundance of 
white calcite, much 01 is crystal­
lized, with singie crystals up 10 half­
inch sizc, in and around the cavities 
which аге almost аll calcite-lined; 
(4) abundance of brassy-yellow 
pyrite bOlh а. а spotting 01 small 
сиЬе> and а. streaky films алd 
masses through much 01 Ihe rock, 
espeeially within and around thc 
саlcitе-liлсd pockets: (5) presence 
throughout the zoпе о[ bright­
greenish actinolite in felted mats of 
densely-aggregated, slender bIade­
like prisms о! small sizc, as weH as 
sep"rate, clean-cut prisms inter­
gгown with calcite crystals in and 
around the pockets. The rock сот­
ршiпg (Ье zone, although distin­
quished Ьу these features, лсvсг­

theless consists mostly 01 well­
banded migmalitic biatite-actinolite 
gneiss по! ver)' different [rom, and 
iл Р:Н! gradational inlo, (Ьс sUf­
rounding rocks. 150laled masses 01 
alm05t typical biolite gneis5, up \0 а 
[оо! in 5izc, stand out Ьеге and (Ьеге 
wilhin (Ье zone, but with Ihe 
gneissic banding пеаг their barders 
bent, disrupled and sheared оП Ьу 
sh"rp cont"ct with crosscutting, 
streaky and yein-like rock. This 
latter rock contains "smeared-out" 
mattings of grass-green actinolite 
bIades and mucb granular whitish 
calcite; shows disrupted, partially 
broken-off and displaced bands о! 
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pegmatite \vhich hзvе Ьееп al50 in 
part unmist a ka bI y etched ,шd di5-
solved а\уау: and is fu)) of highly­
irregular, curv ing, c rysta l-lined 
fraclures and pockets. 

Thin-sectio n рсtrоgгзрhiс st udy or 
the П1igm ... t itiс biotite g nei ss s ur­
rounding the а псуlitе 70пе reve:J.l s 
th t:se featu res.: \tl e thin d urk luyers 
consist о ! pa rallel ( га;п. of densely­
aggгega ted biotite t'll.1kes o f b ro wnish 
Lo gп:еп i s h .Ы<!(,;k pleochroi s m witl1 
interstitia! grayish highly-sericitized 
and sa usse rit izt:d fclds p<J.f: somc Ыо­
tite aggregates gгш,Jt: inl0 mals and 
sprays of t iny slellder g reenisll ас­
tinolitc bIades: s tre<1ks of minute dark 
granules! P<1FtJ y а Г t:pidote and iron­
oxide, аге stгuлg o ut in and aгound 
the hiotite trains. as аге locally­
abundant _т" 1I knticular gгз iпs of 
indistinct pa tchy rH: r th itt: grai ns о [ 
medium sizc СиН оС specks о С kaoli-" 
п il е, ca lci tc anc.l se ricitic mut~rial , 
ехсср .... 1 tl1e bordt:r~ where clea r 
rims or a. lbi le occ иг ~ sm~ 11 ir.reg ular 
gra ins о С ca1cile а ге sparsely prcscnt 
in the fold , par ог s potted a long 
qШНtz-fе ldsра.г <.:u n t;'H,;ts in й Н sec­
tions studied: smull cubt:s uf py ril~ 
оссиг [п sorne sec.: tio ns: quartz grains 
of аll siles , urround the l'eldspar, the 
Iзгgс г !;howing undulatory extinction. 
;'\'Iigmatitic biotite gneiss from the 
pockety ca lci te-r ic h a ncy1i1e zone dis­
plays si milar minerLllogicLlI and tex­
!ural rela ti oni ехсерl Сог the follow­
шg fcatures: ucti nolite bIadcs, оС а 
brightcr gГCl.ss-g гееп. аге [ П сlс:ш­
cut , iso]::ttt:t.J . as "vell as aggregated. 
crystals and abundunt both in inter­
growlh ~ \\rith biotile ;.t nd <1 150 ~trung 
out [П pa rallel o ricntation through 
the feldspar and quart z: quartz is 
пюяlу [П riпеl у -упшuJаtеd streaks 
а.пd veinlets cro~~i ng fLlgge t.l indis­
tlП сt , perlhitt gru ins; py rile c ubc:s 
r:.J.ngJng Сгот 0.0 I {О О.О4тт in s ize 
"ге со mП10П. a nd зоmеtimеs a bun­
dап t; calcite is соттоп (гот small 
grain s ~c3.tLt:rcd through t·cl<.Jspar and 
againsl qШ.l Г1 Z up 10 gruins of large 
slze. and irrcgular s hapt:: in several 
sе<.:tюпs sсал..:t,:: zi rcon gri..l ins., around 
О.О2тт in size and associated with 
bioti te. OCcu r as rclic, fra cturcd а.пd 
Ьгоkсп-арLl. гt agg: regates surroundc:d 
Ьу "ide d.,k bordcrs puss;bIy оГ 
.ron-oxidc: [П I Wo sectiuns. sevcral 
round , (и 7.7),! р а г t l у-tгапs. Ju се пr . 
gr,ay-bro\\-'n. g, rai ns . оС a verage 0.01 
10 O,02 rnm siд: a nd rimmed Ьу widc 
bJ.ck h.l os ", well as nу radi . lly­
a:~~reg~ltetl clUSle rs. оС tr<:J. ns parent 
CPldote pris m!). тау represellt p" rtly­
a ltcred с гуstOl I :-. о( ... lIa nitt: . 

Origin 
. The rocks J1eculiar [о the апсу­

I]te zo ne ,еет (о Ье а locally 
htgh.ly-shea red and rccrystallized 
Уе",оп 01 the ,urrounding migma-
1]I]c biotite gneisses. The minerals 
of the ancylite pockets аге gепегзl-

JапuаГУ-FеЬгuагу, 1971 

Iy the sa me, except [ог ancylile, 
35 those погта l [ о the adjacent 
rocks, a lthough they Оссиг in larger 
and ЬеНег cryst"ls and тоге abun­
dantly. Lale-stage hydro lhermal 
solutions, concentrated ]п their 
uClion along " па гго\у zone of 
inlensely-deformed ,.шd lructurcd 
rock i n which the тоге brittle 
pegmatite I"yers were broken 
a part and expo,ed [о attack Ьу the 
corrosive solutions , penelrated the 
fractur es , partly di ssolved the 
quartz, leldspa r алd other minerals 
01 Ihe wull-roek, and deposited 
пе" erystals of calcite, actinolite 
and pyrite in the cavities. Similar 
late-stage so lut ions ргоЬ"Ыу form­
ed lhe crystals in the prehnite­
byssolitc pockets elsewhere in the 
quarry, ехсер! that there the пе\v 
minera ls reflecl the ,omewhat dif­
lегепt chemistry a nd mineralogy 
of th e "ssoci"ted "mphibolite. 
Prehn ite is miss ing Iгот lhe апсу­
lite pockets, possibIy because cal­
C]Uffi was used to ma ke calcite 
instea d о! prehnite: while librous 
byssolit e of the prehnite pockets 
finds its counterpart in the cleanly­
crystalli zed actinolite 01 the апсу­

lite caviti es. Ancylite could have 
dcrived ils rare-ca rth content Iгот 
adjaccnt a ltered alla nite gгашs, 
(гасе> 01 which а ге observabIe in 
thin sections of thc surrounding 
biotile gneisses and la rge crystals 
01 \vhich a l50 occur in granitie­
pegmatitc dikes \vilhin 100 [ее! of 
the "ncyli!e Lone. 

This paragenetic interpretation, 
bascd о п th in-scction s!udy and the 
minera log ical and geological rela­
tionships observed throughout the 
Keystone quarry, suggests that ап­
cylite could have formed else­
where wilh in lhe biotite gneiss. 
The only requirements would have 
Ьееп late loca lized shearing 10 
ere"te opcnings within the gneiss, 
зпd allendant hydrothermlll solu­
tions 10 leacn the wall-rocks sur­
rounding Ihose opcnings 50 а; (о 
dissolve out ,отс o f their chemical 
cO l1 sl ituents (including гаге earths 
Iгот breakdown of a llani te) and 
deposi t new crys t<ll s 01 late-stage 
minerals, including апсуlitе, 1П­
side the enl a rged pockets. 

It is the beliel of опе of the 
authors (А.М .) Ihat Ihe linal trans­
formed rock o t· [Гое ancylite zone, 
rich in acti nolite and calcite, owes 

it5 actinolite [о breakdown and ге­
crystalli zation о ! relics 01 e<lrlier 
hornbIende оп ее presenl in darker 
layer5 о[ the biotite gneiss, and 
о\уе. its ealcite. а! least а part , (о 
(Гое albitization and freeing 01 сзl­
cium Iгот breakdown and recrys­
t a lli za tion of ea rlier c a lcium­
sodium plagioclase, sausseritized 
rel ics о[ which "ге still evidenl in 
the dark bands 01 the biotite gneiss. 
The coa rse-grained calcite сот­
monly present In the pegmatite 
dikes exposed in the quarry, espe­
cially in portions 01 those close [о 
eontacts with a mphibolite, is ап 
example 01 such recrystallized сзl­
cite. The late hуdгоthегтзl solu­
tions could 'have picked up ffiOS! 01 
their contained elements Iгот !Гое 
biotite gneiss which (Гоеу репе­
tr:lI ed and altered; they only \vould 
nауе necded [о bring in. as пе\у 
elements , ап abundance 01 сагЬоп­
dio xide [о ma ke calcite and sulfur 
lог pyrite . 

Descriptive Mineralogy 
The ancylit e crystals vary in size 

[гот 0.2 ( о 2.0 тт but mostly lа)) 

into three ca tego ries: largest crys­
tal s, usually multiple units, 1-2 тт 
in lengtn : medium-size опе> псаг 
0.5 тт in greatest dimension; and 
smal lcs t individual s, 01 slender 
prismatic habit, averaging аЬощ 

0.2 10 0.3 тт in length. 

Fig. 3. Drawing 01 S . G. Gordon 
(1925. р. 2) 01 ап ancylite crystal 
'гот Narsarsuk. Greenland, as 
g iven in Dana's System 01 Mln­
eralogy (7th ed., vol. 2, 1951, 
р. 292). 

А specifi e gr"vity determination 
01 3.95 "а> made Ьу F. Cuttitta 01 
the U .S. Geological Survey оп а 
7.9 mg. portion of the fine-grained 
cry'ta l coneentrate prepared for 
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х-гиу Пuогеsсспсе unalysis. The 
dсtсгтiпзtiоп was made with <1 

micropycnomcter according [о the 
method dC5Cribed Ьу Мзу зпd 
Marinenko (1966). 

Crystals 01 ancylite Iгот Cornog 
аге translucent and show а vitreous 
(о distinctly grcasy luster оп frac­
lure surl"ces. The great majority 
cxhibit u pale-pink color which 
shows ир well in daylight п, under 
non-fluorescent lamps, Ьиl disap­
реаг> under ordinary household 
Iluoresccnt-lamp illumiпаtiол. Iп 
the laHer case the crystals do по! 

Ьесотс completely colorle5s. Ьи! 
display а pale bIuish-gгау tinge. Л 
lew cryst"ls Iзil (о display pinkish 
color under апу illumination, Ьи! 
rcm"in whitish. grayish, ог суеп 
brownish. 

The opt;cal properties 01 crushed 
fragments, which арреаг colorless 
in tг:шs тi!tеd polari zed light, аге 
:!> 10Hows: Ыuх;аl negat;ve;· ге­

II:!ctive indices: а = 1.654, fJ = 

1.73 3, .... = 1.772 ('0.003); Ыге­
fringcnce = 0.118; 2V =60-70 de­
grces; г < V barely percept;ble. 

Thc ancylite cryst"ls occur typi­
c:!lIy perched оп calcite crystals ог 
оп ceHular та"е. 01 etched cal­
cit~ ог quartz. The distribution and 
abundance of crystals in (Ье сзl­

cite-lined cavities аге highly vari­
"Ые, and тау Ье in р"г! dependent 
оп the size 01 (Ье cavities. Perhaps 
lilty регсеп! 01 the cav;tics studied 

Fig. 4 . Ancylite crystal (1 тт long) from Cornog, Ра . , perched оп 
calcite crystals and intergrown with actinolite bIades. The vertical 
prism face (120) is illuminated . Photomicrograph Ьу Louis Perloff. 

conta ined а small number of crys­
tals. Specimens co llected from 
some pockets have солtаiпеd лu­
тегои. crystals, lгот up [о а dozen 
of la rge r size (о зs тапу а> (; fty 
closely-associated individu<lls of 
the smaHest catego ry. Тlle di s­
tribution арреаг> to Ье entirely 
hapllaza rd, both Iгот cavity (о 
cavi ty as well а> within зпу опе 

pocket. Remov:!1 a nd breaking-up 
61 il та" 01 гock within the апсу­
lite zone, measurin g тоге than 
1 "2,, 1 О !ее! and weighing nearly а 
(Оп, Ьауе produced Iгот the ,таН 
ореп fractures "пd irregular pock­
ets \vithin it perhaps 2,000 cryst<lls, 
most of (Ьет 01 , mallest size. 

Some crystals <l Ie intcrgro"'n 
with calcite crystals ог masses; а 

TABLE 1. Crystallographic measurements of ancylite 

No. Ду. No. Phi Rho Wgted Wgted Calc. Calc. 
Form Tirnes Size Crysta ls range range phi rho phi rho 

11001 2 line 1 88"53'-92 055' 90' 00' 90 ' 00' 90 ' 00' 90 О90' 90 ' 00' 
\0101 1 line 1 2 30 90 00 2 30 90 00 000 90 00 
ЩО} 24 large 6 36 51 -37 37 90 00 36 55 90 00 36 55 90 00 

11011 4 line 3 90 15 -93 33 55 20 -57 48 90 00 56 34 9000 58 55 
11111 24 medium 6 56 15 -59 26 58 29 -64 14 56 21 63 21 56 21 63 21 

Angle tagle for ancylite - Orlhorhombic ; dipyramidal 21т 21т 21т 

а : Ь :с=О.б66: 1: 1.108; p:q:r = 1.660: 1.1 08: 1 
q:r:p - 0.666:0.603: 1: r:p :q =0.906:1.502: 1 

Forms Phi Rho Phi Rho Phi Rho 
Ь 101O} 0 .00 9000 90 00 9000 О 00 
а 11001 90 00 9000 О 00 000 9000 
d \1201 36 55 90 00 90 00 53 05 О 00 З6 55 
h 1101\ 90 00 58 55 О 00 31 05 5В 55 90 00 
е 11111 56 21 63 21 47 39 41 56 31 05 60 19 
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few арреаг intergrown with ас­
tinolite bIades ог with pyrite cube5 
around 0.5 to 1.0 тт in 5ize. А 
good тапу crystals аге а150 coated 
Ьу, ог intergrown with, in their 
outer portions, exceeding1y minute 
pyrite cubes sma11er than 0.05 тт 
in size. Rare1y, whitish, etched and 
part1y-disso1ved, stubby-prismatic 
crysta1s 01 apophyllite, up to 5 тт 
in size, ог blade-like crysta1s of 
whitish barite, up to 0.5 тт in 
1ength, аге found c10se1y associated 
with the ancylite. ТЬе re1ative ро­
sitions of (Ье crystals of а11 the5e 
minera1s suggest уегу 1ate-stage 
growth, similar to that 01 all the 
ancy1ite crY5ta1s observed, upon 
surfaces of ear1ierCcrystallized cal­
cite ог etched masses of calcite ог 
quartz. 

Morpho1ogical and X-ray 
Crystallography 
Morpho10gy 

No c1aini is made in this study [ог 
highly precise determination of the 
e1ements of ancylite, but the опе. 
given undoubted1y Ьауе much 
higher va1idity than those obtained 
Ьу Gordon (1925). Crystals аге 
уегу ,таН, lе" than 1 millimeter 
for the most part, and signals [гот 
faces of such crysta15 аге роог еуеп 
when the {асе5 аге completely 
рlапаг. ТЬеге was а slight cuгving 
10 most of (Ье measured faces and 
the quality of lЬе signa1s was uni­
form1y bad. In fact, the опlу signa1 
which cou1d Ье obtained was а bIur 
of 1ight in the fie1d of [Ье te1escope. 
1п the cases of the уегу <таН faces 
по signa1 was secured; but the 
faces cou1d Ье weH observcd with 
the microscopic arrangement of 
the goniometer, and the position of 
brightest refleclion from the face 
was 5е! before making the angular 
readings. 

Most of the crysta1s 5howed а 
well deve10ped prism form and, 10 
facilitate orientation 01 the crysta1 
[ог measurement, this prism was 
5е! verticaHy. АН of the crys!a1s 
showed а weH deve10ped pyramida1 
form which was arbitrarily desig­
nated а. {lll}, еУеп though such 
а designation required (Ьа! the 
dominant prism Ье indexed а. 
{l20j rather than {l1 О}. Х-гау de­
termination of the unit-ce11 сол­
stалts corroborated this choice. 
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Fig. 5. Ancylite crystal (1 тт long) from Cornog, Ра., showing typi­
са1 multiple unit made ир of severa1 subparal1el individuals. ТЬе 
(101) line face is il1uminated. Photomicrograph Ьу Julius Weber. 
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Figs. ба and БЬ. Ancylite crystals 
from Keystone quarry, Cornog, 
Ра., showing dipyramida1 habit 
(ба, 1eft) common in 1arger indi­
viduals and slender prismatic 
habit (БЬ, right) typical of small­
est crystals. The habit of dipyra­
mida1 crystals (ба) becomes 
pseudo-octahedral with the 
common rounding of the е faces 
(111) to make pairs of these ар­
реаг as if single faces. 

Two principa1 habits were оЬ­
served. ТЬе mos! соттоп is <.l 
pseudo-octahedra1 ЬаЫ! with а 
roughly equa1 deve10pment of (Ье 

[огт. IIII} and (l20}, а; indica!ed 
in Fig. 6". Other cry't"ls аге сЬ"г­
ac!erized Ьу the 1arger deve10p­
теп! of [Ье form {l20} <.lnd аге 

stout prismalic (о e10ngated pris­
Ш<.ltiс in Ь"Ы!, "5 shown in Fig. 6Ь. 

Six crystals proved suitablc lог 
goniometric measurement. ТЬе 
resulls аге tabulated below. AI­
though тапу of the crysta1s иге 
doubly terminated, in по case were 
bolh ends 01 thc crysta! measured. 
There is по doubt, however, that 
the crysta1 c1ass is or!horhombic, 
dipyramida1 - 21т 21т 21т. ТЬе 
wide range 01 measurements 1isted 
lог еасЬ form indicates (Ье роог 

quality 01 the signa1s. ТЬгее crys­
ta1s of the six measured were me<.l­
sured Iwice, and опе thrce times, 
10 ascertain the degree of precision 
with which the signals could Ье 

сеЛlегеd. А. а resuH. it was соп-
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с1одед that the angu1ar positions 
01 the ,igna1s could по! Ье read 
with а grcatcr preeision than аЬои! 
30 minutcs. Ву imp1leation, there­
fore, the origina1 orientation of the 
ery'ta1, bclorc measurement cou1d 
по! have had усгу Бгеа! аееигаеу. 

ТЬо corre1ation be!ween !he goni­
omctrie clcmen!s and tho,e оЬ­
laincd Ьу Х-гау measurements 
,ест, rcmarkabIe, "nd тау Ье 
somewh:H lortuitous: 

а (о Ь (о с 

goniomotric 0.666 1.10~ 

Х-гау 0.686 1.175 

Х-гау measuremenls 
Rolalion and ,его- and lirst-Iayer 

\Vcissenbcrg photographs were 
tukcn аЬои! the с [001] and Ь 
[0\0] аХб, with Ihe 10110wing ге­
ш1t,: а ~ 4.97 А, Ь ~ 7.24 А, с ~ 
В.50 Л (аl1 ± 0.05 AJ; а:Ь:с 
0.6Н6: 1: 1.175. 

I\landarino, Harris and Brad1ey 
(1965) rcporled cell dimensions 0(: 
а ~7.24, Ь ~8.49 and с ~5.02 А 
bascd оп .,-гау measuremenls оп 
ery'lals 01 Iheir ancylite-like male­
rial Iгот St. Hilaiгe, Quebec. Their 
data аге in <xeellcnt аБгеетеп! 
,vith thosc givcn аЬоуе lог aneylite 
Iгот Cornog, ехсер! lог thc choice 
01 ахе,. Their choice о( ахе, (ol1ows 
tl1e conventional orientation (с < а 
< Ь) (ог orthorhomic erystal5; оиг 
х-гау mcasurement, were made 
"'ith (Ье ,trong1y dcve10ped {I 201 
form 50! parallel (о tl1e c-axis, thus 
follo\\'ing (Ье orientation "dopted 
Ьу Gordon (1925), and Flink (1901) 
belore him, lог aneylitc crys!als 
ггот Greenland. ТЬе spuce group 
01 "aneylitc" Iгот St. Hiluire, as 
determined Ьу Mand"rino, Brud­
ley and Нипis, is Рmmm. 

Oplical-absorplion Measuremenls 
Опе of (Ье ,nо,! striking leatures 

оГ the aneyli!e IГОт Согпо!) is its 
peeuliar color behavior dependent 
оп [Ье (уре of iIlumimHion in \vhich 
it i, vie\\cd. Although IЬе crystClls 
appcClr disl,inclly pink in daylight 
ог under IПсапdеSССПI light the 
color is pale blui5h gfClY 'when 
ordinary f\uогеsсещ (сооl \\'hilc) 
iIIumination i, uscd. Under the 
latter eonditions, the small aney1i!e 
c~Yblals аге 'егу dil(ieu1t (о recog­
mzc оп matrix 'уЬеп surrounded 

Job?ri У. Bl'i8t81' Libl'lU'f 
Yempbio $tnte UniV&r8it, 

~.lp'·'''·'''''i''" Tf':~":"I~'H'~"t ... ~ ... 

wilh calcite ог qШНlZ; [Ьеге is 100 
little di((erence in eolor. Crysta!s 
оГ (Ье ancylite-like mineral Ггот 
St. Hilaire, Quebec, behave in an 
identical таппег. 

This unusual behavior of Соrnо!) 
aneylite prompted опе о( [Ье аи­
Ihors (F.A.K.) 10 measure its аЬ­
sorption spectrum (ог visibIe light. 
Because о( (Ье small size of indi­
vidual cry,la1, алd (Ье availability 
01 50 very little matcrial, it w"s 
nece5sary [о employ а speeial mi­
crospectrophotometer, kindly ",,,de 
availabIe in (Ьс Botany Department 
01 Yale Uлivегsitу, lог the5c те"­
surements. ТЬе sample chosen w:is 
а singlc erysta1 selected (ог c1arity 
and freedom (гот inc1uded matter; 
it was аЬои! 0.5 х 0.2 тт in size. 
For солvспiспсе, it was mounted 
оп а glass slide oriented in sueh а 
таппег (Ьа! а (120) lасе W:iS раг­
allel 10 the glass and perpcndicular 
[о (Ье spectrophotometcr light 
Ьеат. The cryslal thickness was 
0.13 тт. The spectra1 tr"nsmission 
measuremenls were made relative 
(о the clear glass slide and агс in 
arbitrary units. 

The re5ults of the spectrum теа­
suroments аге shown оп the graph 
(Fig. 7) wherc (Ьс re!ative inten­
sity 01 the tran5ПJitted light IS 

plotted againsl wavelenglh lП 
Angslrom unil,. 01 particular inter­
е5! :ire ,сусгаl unu'ually narrow 
ab50rption bands. Such bands аге 
characteristic of тетЬеГ5 of (Ье 
Ianthanide (rare-earlh) group 01 
e1ement, and attest (о [Ье рге,епсе 
01 thesc "lements in the ancy1ite. 
The reason lог (Ье sharpne55 of the 
bands is (Ье fact that the electrons 
responsibIe lor (Ье encrgy absorp­
tюп аl these wavelenglhs аге in 
inner orbits (Ihe so-cal1ed 4( orbits) 
whlch аге well shielded Ьу addi­
tюпаl outer electron shel1s against 
envlronmental disturbancc. Thc 
shielding also result5 iл the аЬ­
sorption 5pectrUffi being almost 
completely independenl о( thc 
chemical ог physica! environment 
01 !he ions and is in contra,1 [о Ihc 
тисЬ broader and chemical1y de­
pendent speclra о! most other еп­
titie5 such а5 (Ье Iransition eloment 
ЮЛ\. 

А comp:irison spectrum (Moel1er 
and Brant1ey, 1950) 01 а solution of 
(Ье compound NdСlз in wзlег is 
зlsо shоwл in the graph. This по! 

only indicatcs IЬа! а major cause 
of the observed absorption bands 
in ancylite is (Ьс е1етеПl ncodym­
ium, Ьш also illustrates the ,extenl 
10 which the bands аге iitdepen­
dent 01 the chemica1 environment, 
ап aqueous solUlion being entirely 
distinct [гот а solid carbonalc 
crysta1. Ву careful comparison, а 

rough estimate о! this еlеmел!'s 
eoncentration in ancylite, about 
6-12 wgt. percent, was obtained. 
Most other lanthanides which т"у 
Ье ptesent either Ьауе по 5trong 
absorption in the visibIe spectrum 
ог el5e оссш in relatively small 
amounls in thc C\ncylite. Араг! (гот 
neodymium, only praseodymium 
appears (о contributc measurabIy 
(о the spectrum. [ncidentally, it i5 
possibIe 10 observe (Ье absorption 
speetrum visual1y under а micro­
,соре Ьу substitUling ап appropri­
ate hand spectrograph (ог (Ье 
microscope "yepiece (W.M .D. 
Bryant, personal communication). 

Relurning (о the qu<:stion of 
color, it is no\v pos,ibIe 10 ипдег­
stand how the absorption band5 
th .. t аге ргсsепt аНес! [Ье арреаг­
апее. It will Ье noticed (Fig. 7) th:it 
two major absorbing regions show 
u р in IЬе green and yellow parts 
(5000-6000 л) 01 the speclrum. 
Whcn IЬе ancylite is observed in 
ineandeseent light (ог daylight) 
which contains а sub5tantial (гас­
tion о( orange and red (6000-7000 
А), the еПеСI о( (Ье absorplion о! 
some of (Ье green energy, but only 
а little of the red, is 10 make (Ье 
materia! look pink re1ative (о а 
white objeet 5исЬ а' а uniform1y 
ref1ecting sheet о! рарег. W,th 
ordinC\ry ПиОГеsсепt light, ho\V­
еуег, Ihere is уегу 1ittle orange and 
red (greater (Ьап 6000)\,) in ~be 
source present; thus the аЬsогрt\Ол 
01 neighboring green and уе1l0VЧ 
under this iIlumination lends (О 
саше (Ье ancylite [о арреаг тоге 
Ыие than does а white objeet. Thls 
behavior 01 ancylile is typical 01 
materials containing neodymium 
which consequently ехтЫI папаw 
absorption bands псаг (Ье center. of 

the visibIe spectrum. А СОГПlлg 
G1a5s didymium (neodymium plus 
praseodymium) (ilter is ап example 
о( ,исЬ а material. Its со10Г Ье­
havior is а1т05! identical (о th"t 01 
Cornog алсуli!е. [f olher spee­
trally dilt'use coloring agents, how-
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Fig. 7. Optical-transmission spectra: A-of ancylite, Cornog, Ра, 
(0.13 тт thick); B-of NdCI, in water recalculated for 10 g рег 1. 
and sample thickness of 1.0 ст. from data of Moeller and Brantley 
(1950), 

ever, 5uch а> iron (which is соп­
tained in Greenland ancylite) аге 
Д!50 prescnt in the ,атр!е, il is (о 
Ье expected that the color effects 
causcd Ьу the neodymium will Ье 
largely masked. 

Chemistry 
А qualitative electron micro­

рroЬе analysis of а single crystal 
of Cornog ancylite was made in 
1967 in Ihe Department of Geo­
loglcal Sciences а! Harvard Uni­
versity through the courtesy of Ог. 
Cllfford Frondel. Major constitu­
ents werc found (о Ье Се, La and 
Са. Minor constitLJents were ге­
porled (о Ье Nd and Sr. The ele­
tnents Ва, Fe, Мп and У were по! 
detected. 
А 5атр!е of aboLJt 50 тв of ,ер­

аГщеd ancylite erystals was рге­
pared for Ihe х-гау fluoresccnce 
spcctroscopic analysis Ьу опе of 
the authors (F.A.K.), ТЬе crysta!s 
(а! !east 1000 01 them, ranging in 
tnaX1tnum dimension [rom aboLJt 
0.2 тт (о 1 тт) were selected оп 
the basis of re!ative freedom Iгот 
~bVious inclusions. Calcite, асйпо­
Ite, quartz, and other low-density 
fragments "ccidentally accumu-

January--February, 1971 

!ated in the concentrate were float­
ed off with melby!ene iodide. ТЬе 
,атр!е wa5 tben reexamined mi­
croscopically and non-ancylite 
grains, m05tly pyrite and zircon, 
plus ancy!ite with inclusions ог 
attachments, were тапиаllу re­
moved. Special саге was taken 10 
гетоуе аll particles 01 calcite. It 
is estimated that considerably 'е55 
than 2% 01 impuritie" chiefly ру­
rite and actinolite, were left in (Ье 
final ,атрlе, 
А high-purity апд а 'е55 pure 

Iraction 01 the crystal-concenlrate 
sample were analyzed Ьу х-гау 
fluorescence spectroscopy. А рге­

liminary qualitative х-гау ,сап of 
(Ье sample h"d alre"dy indicated 
(Ьа! only the rare-c"rth elements 
La, Се, Рг, Nd and Sm were pres­
ent in measurabIe amounts (> 
0.2%). Because of the ,таll size of 
the two samples analyzed (less 
than 20 mg, [ог both) two other 
major conslituenls, СО, and Н2О 
(which атоип! 10 25-30% or тоге 
in most алсуlitе analyses) were по! 
detcrmined. Rетаiлiпg undeter­
mined al,o were апу minor cati\m, 
such а> Fe, Ва and Мп. The 
analyses аге ,ummarized IП 
ТаЫе 2. 

TABLE 2. Х-гау fluorescence 
spectroscopic analyses of 
ancylite from Cornog, Ра. 

Ancylite Ancylite 
(very (not 

Constituent риге) риге) 

Lа2Оз 14.6 13.5 
Се2О, 24.6 23,2 
Рг,О, 2.55 2.35 
Nd,O, 8.66 7.95 
Sm,O, 0,34 0.32 
V2О:З 0,00 0.00 
СаО 8,35 9.20 
SrO 3,07 3.27 

TOTAL 62.17 59.79 

milligrams 
used: 8.62 9.78 

Analytical details 
The гаге earth samples алd 5tал­

dard, were prepared Ьу а method 
5imilar (о (Ьа! described Ьу Rose 
and Cuttitta (1968). The standards 
were prepared Ьу di5solving weigh­
ed amounts of риге ignited oxides 
in dilule НNОз. Les5 than 10 mg, 
of (Ье minera15 were weighed and 
placed in 10 ml. beakers. ТЬгее ml. 
of 1:1 HNO, were added and (Ье 
samples allowed (о stand over­
лigЬt. ТЬе sample5 were (Ьеп 
heated and brought (о dryne5s in 
а steambath. ТЬе eyolution 01 СО, 
wa, 'егу noticeable. Known 
аmоилt, 01 each standard stock 
so!ution were added (о 10 ml. 
beaker, and allowed 10 dry оп а 
slcambath. То еасЬ beaker (bolh 
,атр!е, and stалdагd,) was added 
0.8 ml. of 5:95 НNОз• and (Ье 501-
ution5 heated gently (о dis,olve 
(Ье ,alts. ТЬеп 400 mg. of chroma­
lographic cellulose powder was 
added (о each beaker, along with 
а drop 01 methyl red indicator. AIl 
solutions were mixed thoroughly 
with а (еflоп rod, dried overnight 
а! 90 С. and broLJght (о а constant 
weight of 420 mg witb (Ье addition 
of cellulose powder. Each sample 
was (Ьеп thoroughIy mixed, ground 
and pressed а! 40,000 psi into а 1-
inch disc, оп а backing 01 about 2 g 
of ce1lulose powder. 
А ,ing!e сЬаппеl Паt erystal х­

гау spectrometer witb а platinum 
target was used for Ihi5 study. Ап 
operating voltage of 50 Ку with 
сипепt of 40 та was used in а1l 
measurements, along with а LiF 

(colllinued оп page 36) 
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('art;cu!ar rckv,tncc 10 Ihc ,ubjccl 
01 Ihc I>o"k . " е,,,с in РО ;ПI ;, Ihc 
inclu~ i on о! пШПt:гОU~ cгy~'al !'I tгш.> 
tuc.: djiJ~Г~1I11 !-l \,,·hi ..:h contribute 
notlling to и di~i.:u~sion о( thc origin 
and т;псга!о!?у 01 gcodc,. 

Thc fai!ure 01 Ihc author 10 in­
clu,fc ап inde\ !,!really hampcrs Ihc 
",clulnc" 01 thc hook . 
л, а p ieluгe book оп geodes and 

I:!t.:otJt: П1iпс:гаl~ . Sinottc's \\'ork i:-) 
uпiчuс in the lileralure. Л, tl lech­
nkal \\'ork оп !! t.:odc fогща ti о п . tl1c 
l'Юоk i, o\'erburdeneu "ilh 11l"lcri ,,1 
н( littk ог ПU USt: 10 thc ~ vt: r~gc 

re"ucr, an<l nlUel1 о[ it по\ carclully 
IJrc,cnlc,! . The hook doc, inc!udc 
vari{)u~ агguпн.:пt s u!\cd in thc P<1~l 
[о c.xpla in Ihc 10ГПШl iоп of geodes. 
IltH\'Cvcr. ~ ус.:гу critic~1 reuding оГ 
Sinottc', manu,cript Ьу ,ciCnli,IS 
" 'cll-\'''''cu in Ihcrmodynam\e" 
,olulion !icoc!,cmistry anu cry'lal-
1 0Б"'(,!I), " 'ould ha vc rcsulled in а 
nlUcl, '"0ГС ",cful and accuralc 
1"\1. 

(con/;nut'd оп page-47) 

,\:-;('\,1./ .... : 
((' 0"';11111",1 jrom pa~ t' ~5) 

алаl)'/;п!,! crY,lal (20О rclk"lion), 
, са,",1 rГОРОГlюлаl dclcclor and 
IJUI,c hci!!111 а п а !у/сг ,сI 10 tl Ь",с­
liлс of .. voll, . Л 11еliиП1 alm o­
'rhcre \\"" u,ed in Ihc dctcrmina­
lion 01 a ll ,,!c,"enl, c,'Cerl У "nd 
Sf, \\'11ic!1 ""гс dcI"rl11incd in ,, ; г. 
ПIС L " I;n", 01 L" . Се, Рг . Nd a nd 
S", a nd 111" К а lines 01 Са, Sf, and 
у \\сг" IЬс ,malYlical line, u, cd (о г 
111С:~IЧlгt.:ПН:Пl . Рг \\·a ~ corr~ct~d for 

intcrfcrcn.:e Ьу Ihc L ;3, linc of La. 
N<I \\'" eorrccted (о г I!,е С" L" 
1· 1'" 
те, and Sш \\. :.1 ~ сопс:с tсd for in-
lег!'сг"псс Ьу Ille L 13, lin" о( Се. 

С onc'usion~ 
NОIС\\\1ГII1У апюп!! Ihc " nal)'tic ,,' 

rc,ult , агс (Ье r,,!ati\'ely higl1 Nd 
~Hfltcnc аI11ОПt! thc гaг~ Cu.rtf1 :oi , 
anu IIIC rredominancc 01 Са О\'ег 
Sr. TI,C !аНег finding sugec,t, [Ь", 
111; ' mincral [Гt1111 Согпо!; ~110ulu Ье 
ler111Cd '1 cakian "ncy!itc. 

Лсkпо" Icd!;cmCnl' 

Ciratcful ""kЛО\\'kdееmепt i, 
111ad" 10 Ihc lollo\\'ing~ Ог . С. 
I' rondcl. ОсрuгtП1еЛI о( Geolog i­
с,, 1 Scienccs , HUf'"rd Universil \. 
lог а чuа1i\аlivс ekctron micro: 
ргоЬс "n"I),,;5 о( а Cornog ancylilc 
ery,I"I; , Profc"o Г>i С Sib!ey tlnd 
О. LC\'ln , Dcparlmenl о( 80l"П ~' -, 
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. i. Brister .rabr:uт 
,",Ub18 St ... t .. IInlv .... al __ 

Уа ," Uni"ers iIY, (аг coo pcr"tion In 
making avai!abIe [ог "plical-ab­
, orplion mea,ure menl s Ihc mic ro­
speclГophotome(er аl Yak Ог . 
Е. Н. \V a tson, Deptl flme nt o f Geol­
ogy, Вгу п Ма\\'Г Co!kge, [ог Ь е!р­
(и' adv ;ce оп ргоЫет> of геgiо паl 
Prccambrian geo! ogy c nco unle red 
а! Ihe KcyslOnc qua гry ; Me5srs. 1. 
\УеЬег and L. РегlоП (аг pho lo mi­
crograph, о[ "ncy!ite cryst"I , [гот 

Cornog u,ed in Figs. 4 <tnd 5. Уегу 
sре~ i з! th"nks go 10 Drs . f:rank 
Cuttittti "nd Н и ггу Rose, Jr., U.S. 
Gcologic,,1 Survcy, lо г making ро.­
s ibk Ihc 'pecil';c g ravily determi­
nation ( F.C. ) und 111e х- га у [!ио­
rcscence speclroscopic " n,,-Iysis 01 
Cornog ancylile , a nd 10 Df . Joel Е . 
А геm, De parlment of Min e ra! 
Scie nces , Na t io n ti ! M u seum () f 
Ntilurti! H is tory, Smilh sо л i"п In­
stitution, for criticti l reading of the 
П1uпusс гiрt und iшргоvеmепt in its 
dtilti tind cOnlen( . 
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ARSENOPYRIТE­

PYRRHOTIТE 

Pseudomorphs - Double Rain· 
bow mine, Galena . South 

Dakola. Very limiled ,upply, 
mO'Ily 1 х l 10 3х3 . AI,o СТО· 
coite, millerite, eosphorite, 
libelhenile, olners . 
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